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GEOLOGY OF THE SPATSIZI RIVER MAP AREA,
NORTH-CENTRAL BRITISH COLUMBIA

Abstract

Spatsizi River map area is underlain by early Carboniferous to Quaternary rocks. The primary
tectonostratigraphic elements are Stikinia, Bowser Basin, and Sustut Basin. The primary structural feature
is the Skeena Fold Belt.

Stikinia is composed of Carboniferous to early Middle Jurassic clastic, volcanic, and intrusive rocks. It
is overlain by the Bowser Lake Group, a late Middle Jurassic to mid-Cretaceous clastic overlap assem-
blage. The Bowser Basin resulted from closure of the Cache Creek Ocean that lay between Stikinia and
Ancestral North America. Sediment was deposited in amagmatic submarine fan, slope, shelf, deltaic, and
low- and high-energy fluvial environments. The distribution of fossils and lithofacies assemblages define an
overall regressive basin history with facies boundaries migrating southwest, away from the Cache Creek
source. A conservative minimum estimate of thickness of the group is 5000 m. The Sustut Basin is a
nonmarine, fluvial basin northeast of the Bowser Basin. The Sustut Group, of Barremian, Aptian, or Albian,
to early Maastrichtian age, is at least 2000 m thick. Initial deposits were mica-rich and had an eastern
(Omineca Belt) source. The appearance of abundant chert clasts in the lower formation signals initiation of
a western, Bowser Lake Group, source. The change in source area illustrates impact of the evolving Skeena
Fold Belt, which was active in the Early and Late Cretaceous. Folds and thrust faults involve strata as low
as Stikinia, and most verge northeast. The Skeena Fold Belt terminates to the northeast in a triangle zone
within the Sustut Basin.

1

Résumé

La région cartographique de la rivière Spatsizi renferme des roches datant du Carbonifère précoce au
Quaternaire. Les principaux éléments tectonostratigraphiques sont la Stikinie, le bassin de Bowser et le
bassin de Sustut, tandis que la principale entité structurale est la zone de plissement de Skeena.

La Stikinie est formée de roches clastiques, volcaniques et intrusives dont l’âge s’échelonne du
Carbonifère au début du Jurassique moyen. Elle est recouverte par le Groupe de Bowser Lake, assemblage
de recouvrement clastique datant de la fin du Jurassique moyen au Crétacé moyen. Le bassin de Bowser
s’est formé par suite de la fermeture de l’océan de Cache Creek, qui s’étendait entre la Stikinie et la marge
du proto-continent nord-américain. Les sédiments ont été déposés dans des milieux non magmatiques de
cônes sous-marins, de talus, de plates-formes et de deltas et dans des milieux fluviaux à faible et à forte
énergie. La répartition des fossiles et des assemblages de lithofaciès témoigne d’une régression globale
dans les bassins, les limites des faciès se déplaçant vers le sud-ouest, loin de la source (Cache Creek). Une
estimation prudente établit l’épaisseur minimale du groupe à 5000 m. Le bassin de Sustut est un bassin
fluvial non marin qui se trouve au nord-est du bassin de Bowser. Le Groupe de Sustut, dont l’âge
s’échelonne du Barrémien, de l’Aptien ou de l’Albien au Maastrichtien précoce, a au moins 2000 m
d’épaisseur. Les premiers dépôts étaient riches en mica et provenaient de l’est (Domaine d’Omineca). La
présence de clastes de chert abondants dans la formation inférieure indique le début d’une source
occidentale associée au Groupe de Bowser Lake. Le changement de source témoigne de l’incidence qu’a eu
l’évolution de la zone de plissement de Skeena, qui était active pendant le Crétacé précoce et le Crétacé
tardif. Des plis et des failles de chevauchement, dont la plupart présentent une vergence nord-est, ont
déformé des strates d’une profondeur atteignant celle de la Stikinie. La zone de plissement de Skeena se
termine au nord-est, dans une zone triangulaire située dans le bassin de Sustut.
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SUMMARY
Strata in Spatsizi River map area belong to four
tectonostratigraphic elements which reflect the geolog-
ical history of the region. The oldest is the Stikine
Assemblage, the Paleozoic basement of Stikinia. It is
overlain by Triassic to Middle Jurassic volcanic-arc
successions, the Stuhini and Hazelton groups, which
record the last history of Stikinia as an independent
terrane. Stikinia is overlain by Middle Jurassic to Early
Cretaceous, amagmatic and dominantly marine, Bowser
Lake Group. Its formation was a result of closure of the
Cache Creek Ocean which previously lay between
Stikinia and the margin of North America. The youn-
gest major unit is the Sustut Group, which formed as a
result of uplift of the Omineca Belt on the east, and
uplift of Bowser Lake Group on the west as a conse-
quence of significant horizontal contraction associated
with the evolving Skeena Fold Belt.

Stratigraphy

Paleozoic Stikine Assemblage

Paleozoic strata in Spatsizi River map area have not
been studied in detail. They include metavolcanic
rocks, metaintrusive rocks, and marble and limestone.
Metavolcanic and metaintrusive rocks have yielded
U-Pb (zircon) dates of ca. 342 Ma and ca. 353–342 Ma,
respectively.

Triassic Stuhini Group

Stuhini Group volcanic and sedimentary rocks are
restricted to the northeast and northwest corners of the
map area. The volcanic rocks consist of greenish-grey,
aphyric to porphyritic mafic lava flows and related
breccia and olistostrome. The most conspicuous
phenocryst phase is augite. Plagioclase and
serpentinized olivine are also common. Sedimentary
rocks include shale, sandstone, conglomerate, and
limestone. Lava flows are typically 5–10 m thick, and
are intercalated with beds of feldspathic and augitic
wacke, siltstone, and rare limestone. On Tsaybahe
Mountain, the group unconformably overlies Carbon-
iferous (and possibly older) rocks. Most strata mapped
as Stuhini Group contain Late Triassic (Norian) fossils,
but on Tsaybahe Mountain strata host Early and Middle
Triassic fossils. South of Ealue Lake volcanic and sedi-
mentary strata are interpreted to be genetically related
to the hornblende monzonite of the Red Stock (203.8 ±
1.3 Ma; U-Pb on zircon). Volcanic and sedimentary
rocks of the Stuhini Group in the Spatsizi River area
were deposited in a predominantly submarine environ-
ment.

SOMMAIRE
Les strates de la région cartographique de la rivière Spatsizi font
partie de quatre éléments tectonostratigraphiques qui témoignent de
l’histoire géologique de cette région. Le plus vieil élément est
l’Assemblage de Stikine, qui constitue le socle paléozoïque de la
Stikinie. Il est recouvert de successions d’arcs volcaniques datant
du Trias au Jurassique moyen, soit les groupes de Stuhini et de
Hazelton, qui contiennent les derniers indices révélant que la
Stikinie était un terrane indépendant. Le Groupe de Bowser Lake
recouvre la Stikinie; il est d’origine non magmatique et
principalement marin et date du Jurassique moyen au Crétacé
précoce. Sa formation résulte de la fermeture de l’océan de Cache
Creek, qui s’étendait entre la Stikinie et la marge de l’Amérique du
Nord. La formation de l’unité principale la plus jeune, soit le
Groupe de Sustut, est attribuable au soulèvement du Domaine
d’Omineca, à l’est, et du Groupe de Bowser Lake, à l’ouest, à la
suite d’une importante contraction horizontale associée à
l’évolution de la zone de plissement de Skeena.

Stratigraphie

Assemblage paléozoïque de Stikine

Les strates paléozoïques de la région cartographique de la rivière
Spatsizi n’ont pas été étudiées de manière approfondie; elles
comprennent des roches métavolcaniques, des roches méta-
intrusives, du marbre et du calcaire. La datation U-Pb (sur zircon)
indique que les roches métavolcaniques et méta-intrusives ont des
âges respectifs d’environ 342 Ma et d’environ 353 à 342 Ma.

Groupe triasique de Stuhini

Les roches volcaniques et sédimentaires du Groupe de Stuhini se
rencontrent uniquement dans les coins nord-est et nord-ouest de la
région cartographique. Les roches volcaniques consistent en des
coulées de laves mafiques aphyriques à porphyriques de couleur
gris verdâtre, ainsi qu’en des brèches et des olistostromes
apparentés. Les phénocristaux les plus visibles sont ceux d’augite.
On trouve aussi beaucoup de plagioclase et d’olivine serpentinisée.
Parmi les roches sédimentaires, mentionnons le shale, le grès, le
conglomérat et le calcaire. Les coulées de laves ont généralement de
5 à 10 m d’épaisseur et sont intercalées avec des lits de wacke à
feldspath et augite, de siltstone et rarement de calcaire. Au mont
Tsaybahe, le groupe recouvre en discordance des roches remontant
au Carbonifère (et peut-être avant). La plupart des strates
cartographiées comme faisant partie du Groupe de Stuhini
contiennent des fossiles du Trias tardif (Norien), mais au mont
Tsaybahe, elles renferment des fossiles du Trias précoce et du Trias
moyen. Au sud du lac Ealue, les strates volcaniques et
sédimentaires seraient génétiquement apparentées à la monzonite à
hornblende du Stock de Red, dont l’âge U-Pb sur zircon est de
203,8 ± 1,3 Ma. Dans la région de la rivière Spatsizi, les roches
volcaniques et sédimentaires du Groupe de Stuhini ont été déposées
dans un milieu principalement sous-marin.
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Triassic–Jurassic conglomerate (unit )

Conglomeratic and olistostromal deposits not clearly
related to Stuhini or Hazelton group strata are mapped
as unit =<c. Associated strata are sandstone, and minor
shale and mafic lava. Successions include a coarse,
matrix-supported sedimentary mélange containing
granule-size chert clasts and cobble- to boulder-size
clasts of marble and limestone. Late Norian conodonts
in limestone boulders indicate that at least some of the
carbonate blocks were derived from erosion of the
Stuhini Group, whereas clasts of Early Permian marble
requires uplift and erosion of Stikine Assemblage. A
distinctive variety of the conglomerate is massive, and
clast- to matrix-supported, with pebbles and cobbles of
hornblende-plagioclase andesite. In some areas unit
=<c overlies the Stuhini Group, but in many places
stratigraphic relationships are uncertain.

Jurassic Hazelton Group

Three distinct Lower Jurassic volcanic successions
underlie north-central Spatsizi River map area. From
oldest to youngest they are the Griffith Creek
volcanics, the Cold Fish Volcanics, and the Mount
Brock volcanics. Intercalated with and overlying the
volcanic successions is a dominantly clastic unit called
Spatsizi Formation.

Griffith Creek volcanics

The Griffith Creek volcanics underlie approximately
10 km2, and reach a maximum thickness of about 2 km.
The succession consists of mafic to intermediate lava
flows, and intermediate to felsic, welded and
nonwelded ignimbrite, air-fall tuff, and sills. Griffith
Creek volcanics are distinguished from Stuhini Group
mainly by their abundance of subaerially deposited,
intermediate to felsic pyroclastic rocks. Augite is the
most conspicuous phenocryst of the lavas, although
plagioclase and olivine are also present locally.

Where the base of the formation is exposed, it over-
lies conglomeratic rocks of unit =<c. Two U-Pb (zir-
con) dates indicate that the Griffith Creek volcanics are
close in age to the Triassic–Jurassic boundary. Two
U-Pb (zircon) dates are 205.8 ± 0.9 Ma and 205.8
+1.5/ 3.1 Ma, obtained from a basal lava flow of basal-
tic andesite and a large dacitic sill, respectively.

Cold Fish Volcanics

The Cold Fish Volcanics are the most widely distributed
part of the Hazelton Group, underlying an area of about
450 km2. The base of the succession has not been
observed; the top is conformably overlain by Hazelton
Group sedimentary rocks. Average stratigraphic thickness

Conglomérat du Trias-Jurassique (unité )

Les conglomérats et les olistostromes qui ne sont pas clairement
apparentés aux strates du Groupe de Stuhini ou du Groupe de
Hazelton sont cartographiés dans l’unité . Les strates associées
sont des grès et de petites quantités de shales et de laves mafiques.
Les successions comprennent un mélange sédimentaire à grain
grossier et à texture non jointive qui contient des clastes de chert de
la taille des granules et des clastes de marbre et de calcaire dont la
taille varie de celle d’un galet à celle d’un bloc. La présence de
conodontes du Norien tardif dans les blocs de calcaire indique qu’au
moins quelques blocs carbonatés sont issus de l’érosion du Groupe
de Stuhini; les clastes de marbre du Permien précoce sont issus du
soulèvement et de l’érosion de l’Assemblage de Stikine. On trouve
un type particulier de conglomérat qui est massif, qui présente une
texture jointive à non jointive et qui contient des cailloux et des
galets d’andésite à plagioclase et hornblende. Par endroits, l’unité

recouvre le Groupe de Stuhini, mais à nombre d’endroits, les
liens stratigraphiques sont incertains.

Groupe jurassique de Hazelton

La partie centrale nord de la région cartographique de la rivière
Spatsizi renferme trois successions volcaniques distinctes du
Jurassique inférieur. De la plus vieille à la plus jeune, ces succes-
sions sont les volcanites de Griffith Creek, les Volcanites de Cold
Fish et les volcanites de Mount Brock. Une unité principalement
clastique appelée «Formation de Spatsizi» recouvre les successions
volcaniques et y est intercalée.

Volcanites de Griffith Creek

Les volcanites de Griffith Creek s’étendent sur quelque 10 km² et
ont une épaisseur maximale d’environ 2 km. La succession se com-
pose de coulées de laves mafiques à intermédiaires et de
filons-couches, de tufs retombés et d’ignimbrites intermédiaires à
felsiques soudés et non soudés. Les volcanites de Griffith Creek
contiennent une grande quantité de roches pyroclastiques
intermédiaires à felsiques déposées dans des conditions
subaériennes, ce qui permet de les distinguer du Groupe de Stuhini.
L’augite est le phénocristal le plus visible dans les laves, bien que
ces dernières renferment également du plagioclase et de l’olivine
par endroits.

Là où la base de la formation est exposée, elle recouvre des
roches conglomératiques de l’unité =<c. Deux datations U-Pb (sur
zircon) indiquent que l’âge des volcanites de Griffith Creek se
rapproche de celui de la limite triasique-jurassique. La datation
U-Pb (sur zircon) d’une coulée basale d’andésite basaltique et d’un
large filon-couche dacitique établit leurs âges respectifs à 205,8 ±
0,9 Ma et à 205,8 +1,5/ 3,1 Ma.

Volcanites de Cold Fish

Les Volcanites de Cold Fish constituent la partie la plus étendue du
Groupe de Hazelton, car elles se rencontrent dans une région
d’environ 450 km². La base de la succession n’a pas été observée,
mais sa partie sommitale est recouverte en concordance par des
roches sédimentaires du Groupe de Hazelton et son épaisseur
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perhaps exceeds 2 km. Numerous felsic sills and a
small epizonal stock (Spatsizi River Stock) are
included in the volcanic complex.

The unit is a composite succession comprising lava
flows, sills, and tuffaceous rocks, with minor epiclastic
rocks and limestone. Compositionally, they range from
basalt (<53% SiO2) to high-silica rhyolite (>75%
SiO2), and are strongly bimodal with reference to silica.
Thus, Cold Fish Volcanics can be divided into a felsic
suite of rhyolite and high-silica rhyolite, and a mafic
suite of basalt, basaltic andesite, andesite, and minor
dacite. The mafic rocks were emplaced as lava flows
and related breccia and dykes, whereas the felsic rocks
were emplaced as lava flows, breccia, air-fall tuff,
ignimbrite, sills, and dykes. Rhyolitic sills and related
tuffaceous rocks predominate in the southeast, whereas
mafic lava is more abundant in the northwest. In the
southeast area the Cold Fish Volcanics succession con-
sists mainly of rhyolitic ignimbrite sheets and thick
rhyolitic sills, with the latter occupying at least 75% of
the rock volume. The magmatic features of this area are
interpreted to be a result of a resurgent caldera.

The Cold Fish Volcanics consist of a lower compos-
ite succession consisting of various lithotypes of both
mafic and felsic composition and an upper ignimbrite
cap dominated by rhyolitic ignimbritic deposits. This
division reflects an abrupt change from long-lived
growth of a composite volcanic field to short-lived, but
voluminous eruptions of rhyolitic pumice and ash. The
near-absence of lahar implies that the volcanic edifices
were gently sloping and may have been low in eleva-
tion. The near-absence of nonvolcanic rocks indicates
that the succession formed near the sites of eruption.
Most of the Cold Fish Volcanics were deposited in a
subaerial environment; about 5% of the succession was
deposited under submarine conditions. Short-lived
marine transgressions in the extracaldera facies record
more than 2600 m of crustal subsidence from early
Pliensbachian to middle Toarcian. Widespread subsi-
dence is interpreted to be a result of modest degrees of
lithospheric extension concurrent with Early Jurassic
subduction and arc volcanism, as well as thermal subsi-
dence following magmatic episodes.

The term ‘Cold Fish Volcanics’ is herein proposed
as a formal stratigraphic unit. The type locality is the
area surrounding Nation Peak, where strata are varied
and include both mafic-dominated facies and rhyo-
lite-dominated facies. Rocks from the type locality
have yielded early Pliensbachian fossils. Uranium-lead
(zircon) isotopic dates for the unit are 193.7 ± 1.9 Ma,
193.9 +1.1/-4.5 Ma, 194.8 +1.0/-3.0 Ma, and 196.6 ±
1.6 Ma, broadly consistent with the early Pliensbachian
biostratigraphic age. It was intruded by the Spatsizi
River Stock, a synvolcanic alkali-feldspar granite
(190.7 +7.0/- 7.8 Ma; U-Pb on zircon).

stratigraphique moyenne pourrait dépasser 2 km. Le complexe
volcanique contient de nombreux filons-couches felsiques et un
petit stock épizonal (Stock de Spatsizi River).

L’unité est une succession composite de coulées de laves, de
filons-couches et de roches tufacées qui contient également une
petite quantité de roches épiclastiques et de calcaire. Les Volcanites
de Cold Fish ont une composition qui varie de celle du basalte (< 53 %
de SiO2) à celle de la rhyolite riche en silice (> 75 % de SiO2), et
elles sont fortement bimodales en ce qui concerne la silice. Ainsi,
elles peuvent être subdivisées en une suite felsique de rhyolite et de
rhyolite riche en silice, et en une suite mafique formée de basalte,
d’andésite basaltique, d’andésite et d’une petite quantité de dacite.
Les roches mafiques ont été mises en place sous la forme de coulées
de laves et de brèches et de dykes apparentés et les roches felsiques,
sous la forme de coulées de laves, de brèches, de tufs retombés,
d’ignimbrites, de filons-couches et de dykes. Les filons-couches
rhyolitiques et les roches tufacées apparentées prédominent au
sud-est, tandis que les laves mafiques sont plus abondantes au
nord-ouest. Au sud-est, les Volcanites de Cold Fish consistent
surtout en des nappes d’ignimbrite rhyolitique et en des
filons-couches rhyolitiques épais, ces derniers représentant au
moins 75 % du volume de roche. On considère que les entités
magmatiques de cette région sont issues d’une caldeira résurgente.

Les Volcanites de Cold Fish consistent, d’une part, en une suc-
cession composite inférieure composée de divers lithotypes
mafiques et felsiques et, d’autre part, en un chapeau d’ignimbrite
supérieur renfermant principalement des dépôts ignimbritiques
rhyolitiques. Cette subdivision reflète le passage soudain d’un
champ volcanique composite de longue durée à des éruptions de
courte durée de volumes importants de ponce rhyolitique et de
cendres. L’absence quasi totale de lahars laisse supposer que les
édifices volcaniques avaient une pente douce et qu’ils n’étaient
peut-être pas élevés. L’absence presque complète de roches non
volcaniques indique que la succession s’est formée près des sites
des éruptions. La plupart des Volcanites de Cold Fish ont été
déposées dans un milieu subaérien et environ 5 % de la succession a
été mise en place dans un milieu sous-marin. Des transgressions
marines éphémères dans le faciès extracaldeirien témoignent d’une
subsidence crustale sur plus de 2600 m du Pliensbachien précoce au
Toarcien moyen. On considère que cette subsidence répandue
résulte d’une distension lithosphérique peu intense conjuguée à un
épisode de subduction et de volcanisme d’arc survenu durant le
Jurassique précoce, ainsi que d’une thermosubsidence qui a suivi
des épisodes magmatiques.

On propose dans le présent bulletin que les «Volcanites de Cold
Fish» constituent une unité stratigraphique formelle dont la localité
type est la région entourant le pic Nation, où l’on trouve divers types
de strates, notamment des faciès principalement mafiques et des
faciès principalement rhyolitiques. Des roches provenant de cette
localité type contiennent des fossiles datant du Pliensbachien
précoce. La datation isotopique par la méthode U-Pb sur zircon a
donné des âges de 193,7 ± 1,9 Ma, de 193,9 +1,1/-4,5 Ma, de
194,8+1,0/-3,0 Ma et de 196,6 ± 1,6 Ma pour l’unité, ce qui corres-
pond de façon générale à l’âge biostratigraphique remontant au
Pliensbachien précoce. Le Stock de Spatsizi River recoupe l’unité;
c’est un granite synvolcanique à feldspath alcalin dont l’âge U-Pb
sur zircon est de 190,7 +7,0/-7,8 Ma.
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Spatsizi Formation

The Cold Fish and Mount Brock volcanic successions
are broadly coeval with fine- to coarse- grained sedi-
mentary rocks. These strata are mapped as Spatsizi
Formation of the Hazelton Group where they dominate
a given succession. At the type locality, in the core of
the Joan Lake Anticline, more than 700 m of sedimen-
tary rocks overlie the Cold Fish Volcanics, and are
overlain by the Bowser Lake Group. The formation
ranges from early Pliensbachian to early Bajocian and
is divided into five members.

The Joan Member occurs sporadically at the base of
the Spatsizi Formation, reaching a maximum thickness
of 60 m. The base is locally marked by conglomerate,
and is overlain by mainly medium-bedded quartz
siltstone, with minor mudstone and limestone. The
member is early Pliensbachian, and is inferred to have
been deposited in shallow to moderate water depths.
The Wolf Den Member is more widely distributed, and
reaches a maximum thickness of 300 m. Dark grey to
black fissile shale, with minor calcareous concre-
tionary beds and tuffaceous beds, ranges from late
Pliensbachian to middle Toarcian. The Mellison Member
is restricted to the north side of the Joan Lake Anticline,
and is a maximum of 130 m thick. It is characterized by
interbedded shale and siltstone at the base, overlain by
resistant, medium-bedded, siliceous to calcareous
siltstone and fine-grained sandstone. Age is restricted
to late-middle to (?)late Toarcian. The Abou Member is
calcareous to siliceous organic shale in a 3 km long belt,
up to 25 m thick, restricted to the south side of the Joan
Lake Anticline. The base is an erosional unconformity
on the Mellison Member. The unit is (?)late Toarcian to
Aalenian and was inferred to mark a change to
deep-water deposition following shoaling that resulted
in erosion of the Mellison Member. The Quock Member
is laterally continuous, reaching up to 200 m thick. It
weathers to a distinctive rusty colour, is distinguished
in outcrop by laminated to thin-bedded, varicoloured,
(?)tuffaceous shale, and is early Bajocian. It is the only
member confidently recognized outside of the type area
of the Spatsizi Formation.

Facies transitions and thinning of the Spatsizi
Formation indicate that the basin of deposition shallowed
to the north where the Spatsizi Formation laps onto the
topographically positive Stikine Arch. Local variations in
basin depth were controlled by the locations of volcanic
accumulations. For example, in the Brock district,
Spatsizi Formation sedimentation was supplanted by
deposition of the mainly subaerial Mount Brock
volcanics, whereas coeval (Toarcian) strata in Joan Lake
area are marine siliceous siltstone. Shoaling and erosion
of the Mellison Member in the middle to late Toarcian
resulted in the pre-Aalenian strata (sub–Abou Member)
unconformity. Anaerobic conditions, high organic con-
tent, and deep-water environment for the Abou Member
were considered to be indicative of the starved basin
phase of flexural subsidence resulting from incipient
obduction of Cache Creek Terrane on Stikinia.

Formation de Spatsizi

Les successions volcaniques de Cold Fish et de Mount Brock sont
largement contemporaines des roches sédimentaires à grain fin à
grossier. Ces strates sont cartographiées comme constituant la
Formation de Spatsizi du Groupe de Hazelton, là où elles
prédominent dans une succession donnée. Dans la localité type,
dans le coeur de l’anticlinal de Joan Lake, plus de 700 m de roches
sédimentaires recouvrent les Volcanites de Cold Fish et sont
elles-mêmes recouvertes par le Groupe de Bowser Lake. L’âge de la
formation, qui est subdivisée en cinq membres, s’échelonne du
Pliensbachien précoce au Bajocien précoce.

Le Membre de Joan se rencontre par endroits à la base de la
Formation de Spatsizi; son épaisseur maximale est de 60 m. Sa base
est marquée localement par du conglomérat et est recouverte de
siltstone quartzique en majeure partie modérément lité et par de
petites quantités de mudstone et de calcaire. Le Membre de Joan
date du Pliensbachien précoce et aurait été mis en place sous l’eau, à
des profondeurs faibles à moyennes. Le Membre de Wolf Den a une
plus grande étendue et atteint une épaisseur maximale de 300 m. Du
shale fissile gris foncé à noir contenant des lits tufacés et des
lits concrétionnés calcareux moins importants remonte au
Pliensbachien tardif-Toarcien moyen. Le Membre de Mellison se
rencontre uniquement sur le côté nord de l’anticlinal de Joan Lake et
son épaisseur maximale est de 130 m. Il se caractérise par la
présence de shale et de siltstone interstratifiés à sa base, que
recouvrent du siltstone siliceux à calcareux résistant à stratification
moyenne et du grès à grain fin. Son âge se situe entre la fin du
Toarcien moyen et le Toarcien tardif (?). Le Membre d’Abou se
compose de shale organique calcareux à siliceux et forme une
ceinture de 3 km de longueur et de 25 m d’épaisseur au maximum; il
ne se rencontre que sur le côté sud de l’anticlinal de Joan Lake. Sa
base est une discordance de ravinement sur le Membre de Mellison.
L’unité date du Toarcien tardif (?)-Aalénien et marquerait le pas-
sage à la sédimentation en eau profonde suivant une diminution de
la profondeur qui a entraîné l’érosion du Membre de Mellison. Le
Membre de Quock est latéralement continu et atteint 200 m
d’épaisseur. Il présente une couleur rouille caractéristique à
l’altération, se reconnaît en affleurement par la présence de shale
tufacé (?) multicolore en lamines ou en lits minces et date du
Bajocien précoce. C’est le seul membre que l’on peut reconnaître
avec certitude à l’extérieur de la localité type de la Formation de
Spatsizi.

Les transitions de faciès et l’amincissement de la Formation de
Spatsizi indiquent que le bassin de sédimentation est devenu moins
profond au nord, là où la Formation de Spatsizi déborde sur l’arche de
Stikine topographiquement surélevée. Les variations locales de la
profondeur du bassin étaient contrôlées par l’emplacement des accu-
mulations volcaniques. Par exemple, dans le district de Brock,
l’accumulation des matériaux de la Formation de Spatsizi a été
interrompue par le dépôt des volcanites principalement subaériennes
de Mount Brock, alors que des strates contemporaines (toarciennes) de
la région du lac Joan sont composées de siltstone siliceux marin. La
discordance dans les strates antérieures à l’Aalénien (sous le Membre
d’Abou) résulte de la diminution de la profondeur et de l’érosion du
Membre de Mellison pendant le Toarcien moyen-tardif. Les condi-
tions anaérobies, la forte teneur en matières organiques et la grande
profondeur de l’eau associées au Membre d’Abou témoigneraient de la
phase de bassin maigre de la subsidence attribuée à l’obduction initiale
du terrane de Cache Creek sur la Stikinie.
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Mount Brock volcanics

The Mount Brock succession is the youngest of the
three Hazelton Group volcanic piles in north-central
Spatsizi River map area. It comprises over 4000 m of
strata divided into a dominantly mafic and intermediate
lava flow unit, and a dominantly felsic pyroclastic and
volcaniclastic unit. The succession was deposited in a
mainly subaerial environment, as inferred from the red-
dened margins of lava flows and dense welding in
pyroclastic flow deposits. Thin intervals of marine
sedimentary and volcanic rocks (e.g. pillow lava and
limestone) are interbedded with the subaerial rocks.
Phenocryst assemblages in the Mount Brock lavas are
dominated by plagioclase, with subordinate olivine and
augite. The Mount Brock volcanics conformably over-
lie Spatsizi Formation of late Pliensbachian or older to
Toarcian age, and is a dominantly Toarcian unit. The
volcanic rocks are intruded by the McEwan Creek
pluton, dated at 183.5 ± 0.5 Ma (U-Pb zircon).

The lowest Mount Brock volcanic rocks were con-
formably deposited on, or gradationally deposited
within, an upper Pliensbachian to lower Toarcian, shal-
low-marine sedimentary succession. Subaerial condi-
tions dominated the succession within metres or tens of
metres of the base, and were occasionally replaced by
short-lived, shallow-marine conditions during deposi-
tion of the lower 500 m of section. Subsequently,
through early Toarcian and into middle Toarcian,
subaerial conditions prevailed, only rarely interrupted
by marine transgressions. The succession probably
formed on the flanks of a moderately sloping volcano.

Hazelton Group along the western map boundary

Strata on Ehahcezetle Mountain include maroon, grey,
and green aphyric to porphyritic breccia, tuff and flows,
and small granitoid stocks and dykes of Early Jurassic
age (Edon, Rose, and related intrusions). Southwest of
Todagin Mountain is a bimodal, 700–1000 m thick,
southwest-facing, basalt-rhyolite succession. Basalt
occurs as massive flows and pillow breccia, and pil-
lowed flows; felsic rocks are ash, dust tuff, lapilli
tuff-breccia, and massive flows. Near the top it includes
200–300 m of early Pliensbachian, fine-grained clastic
rocks interbedded with volcaniclastic rocks and tuff. A
rhyolitic volcanic rock in the succession yielded a U-Pb
(zircon) date of 181.0 +5.9/-0.4 Ma. Strata are overlain
in angular unconformity by Spatsizi Formation.

Regional tectonic framework of the Hazelton Group

The three units in north-central Spatsizi area are moder-
ately to highly potassic and have volcanic-arc
trace-element signatures. They are part of the widespread
Hazelton Group of volcanic-arc rocks and related

Volcanites de Mount Brock

Dans la partie centrale nord de la région cartographique de la rivière
Spatsizi, la succession de Mount Brock constitue le plus jeune des
trois édifices volcaniques du Groupe de Hazelton. Elle comprend
plus de 4000 m de strates subdivisées en une unité de coulées de
laves principalement mafiques et intermédiaires et en une unité
volcanoclastique et pyroclastique principalement felsique. Les
marges rougies des coulées de laves et le soudage dense observé
dans les dépôts de coulées pyroclastiques indiqueraient que cette
succession a été mise en place dans un milieu principalement
subaérien. De minces intervalles de roches volcaniques et
sédimentaires marines (p. ex. des laves en coussins et du calcaire)
sont interstratifiés au sein des roches subaériennes. Les assem-
blages de phénocristaux dans les laves de Mount Brock contiennent
principalement du plagioclase; l’olivine et l’augite ont une impor-
tance moindre. Les volcanites de Mount Brock, qui remontent
principalement au Toarcien, reposent en concordance sur la Forma-
tion de Spatsizi, dont l’âge s’échelonne du Pliensbachien tardif (ou
avant) au Toarcien. Les roches volcaniques sont recoupées par le
pluton de McEwan Creek, dont l’âge est de 183,5 ± 0,5 Ma d’après
une datation U-Pb sur zircon.

Les volcanites inférieures de la succession de Mount Brock ont
été déposées en concordance sur une succession sédimentaire
épicontinentale qui s’échelonne du Pliensbachien supérieur au
Toarcien inférieur, ou progressivement au sein de cette succession
sédimentaire. Des conditions subaériennes ont prédominé pendant
le dépôt de la partie de la succession qui se trouve à moins de
quelques mètres ou d’une dizaine de mètres de la base. Par la suite,
du Toarcien précoce au Toarcien moyen, des conditions
subaériennes ont prédominé et n’ont été interrompues que rarement
par des transgressions marines. La succession s’est probablement
formée sur les versants en pente douce d’un volcan.

Groupe de Hazelton le long de la limite ouest de la carte

Les strates du mont Ehahcezetle comprennent notamment des tufs,
des coulées et des brèches aphyriques à porphyriques de couleur
marron, grise et verte, ainsi que de petits dykes et stocks granitoïdes
datant du Jurassique précoce (Edon, Rose et intrusions
apparentées). Une succession bimodale de basalte-rhyolite de 700 à
1000 m d’épaisseur et à vergence sud-ouest se trouve au sud-ouest
du mont Todagin. Le basalte se présente sous la forme de coulées
massives, de brèches en coussins et de coulées en coussins. Les
roches felsiques comprennent des cendres, des tufs cinéritiques, des
brèches tufacées à lapillis et des coulées massives. Près du sommet
de la succession, on trouve 200 à 300 m de roches clastiques à grain
fin datant du Pliensbachien précoce qui sont interstratifiées avec des
tufs et des roches volcanoclastiques. Une roche volcanique
rhyolitique provenant de la succession a donné un âge U-Pb sur zir-
con de 181,0 +5,9/-0,4 Ma. Les strates sont recouvertes en discor-
dance angulaire par la Formation de Spatsizi.

Cadre tectonique régional du Groupe de Hazelton

Les trois unités situées dans la partie centrale nord de la région de la
rivière Spatsizi sont modérément à fortement potassiques et
présentent des signatures d’éléments traces associées au volcanisme
d’arc. Ces unités font partie des roches d’arc volcanique et des
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basinal sedimentary rocks that were deposited on
Stikina in the Early Jurassic and early Middle Jurassic.
The volcanic rocks are considered to have erupted to
form two volcanic chains, one on the eastern side of
Stikinia (related to west-dipping subduction), and one
on the western side (caused by east-dipping subduction
of a second oceanic plate). These chains were separated
by an inferred elongate marine and nonmarine basin
whose subsidence was caused primarily by extension
of Stikinia. The Cold Fish Volcanics, and perhaps all of
the volcanic successions in the area, were deposited in
the back-arc region of the eastern volcanic arc. Jurassic
volcanic activity on Stikinia declined during the later
parts of the Early Jurassic, becoming extinct in the early
Middle Jurassic (Bajocian). This reduction was accom-
panied by cooling and thermal subsidence of Stikinia
and was coeval with obduction of the Cache Creek
Terrane onto Stikinia. Obduction of Cache Creek
Terrane was the final consequence of subduction of the
Cache Creek oceanic plate beneath eastern Stikinia and
closure of the Cache Creek Ocean. These events collec-
tively initiated a new tectonic regime in Stikinia, the
products of which are found in the Bowser Lake Group.

Jurassic and Cretaceous Bowser Lake Group

The Bowser Lake Group consists of marine and
nonmarine shale, siltstone, sandstone, and conglomer-
ate. Its basin of deposition was the Bowser Basin, the
large area of clastic rocks north of the Skeena Arch and
south of the Stikine Arch. Presence of common
rounded chert clasts and paucity of detrital mica have
been used to distinguish basinal strata from Sustut and
Skeena groups. The chert clasts were derived from the
Cache Creek Terrane to the northeast, and therefore are
a provenance link between Stikinia and Cache Creek
Terrane. In this way the Bowser Basin has a tectonic
connotation as the depocentre recording amalgamation
of Stikine and Cache Creek terranes.

The small scale of structures in the Bowser Lake
Group, combined with gradual facies changes, sporadic
preservation of narrow-ranging fossils, and absence of
laterally continuous stratigraphic markers, have made
definition of meaningful formal lithostratigraphic units
beyond the scope of this study. Instead, most of the Bowser
Lake Group has been divided into lithofacies assem-
blages. The assemblages are assumed to interfinger lat-
erally (and as a corollary, to be repeated vertically) on a
range of scales. The units are described beginning with
those which are either more distal or older, but the reader
is reminded that many units interfinger with bounding
ones and overlap in age.

Units and

Unfossiliferous sedimentary and volcanic rock along
the north-central boundary of the map area are the
southern extent of a large outlier of Bowser Basin
strata. Basal chert-pebble conglomerate, and argillite at

roches sédimentaires de bassin apparentées du vaste Groupe de
Hazelton, matériaux qui ont été déposés en Stikinie au cours du
Jurassique précoce et du début du Jurassique moyen. Ces roches
volcaniques éruptives auraient formé deux chaînes volcaniques,
l’une dans la partie orientale de la Stikinie (que l’on associe à une
subduction vers l’ouest) et l’autre dans la partie occidentale de la
Stikinie (résultant de la subduction vers l’est d’une deuxième
plaque océanique). Ces chaînes étaient séparées par ce qu’on
présume être un bassin marin et non marin allongé dont la subsi-
dence a été causée principalement par une distension de la Stikinie.
Les Volcanites de Cold Fish, et peut-être aussi toutes les succes-
sions volcaniques de la région, ont été mises en place dans la zone
d’arrière-arc de l’arc volcanique oriental. Le volcanisme jurassique
en Stikinie a diminué vers la fin du Jurassique précoce pour cesser
totalement au début du Jurassique moyen (Bajocien). Cette diminu-
tion du volcanisme a été conjuguée au refroidissement et à la
thermosubsidence de la Stikinie, et contemporaine de l’obduction
du terrane de Cache Creek sur la Stikinie. L’obduction du terrane de
Cache Creek a été le dernier effet de la subduction de la plaque
océanique de Cache Creek sous la partie est de la Stikinie et de la
fermeture de l’océan de Cache Creek. Ensemble, ces épisodes ont
marqué le début d’un nouveau régime tectonique en Stikinie,
régime dont les effets sont révélés dans le Groupe de Bowser Lake.

Groupe jurassique et crétacé de Bowser Lake

Le Groupe de Bowser Lake se compose de siltstones, de grès, de
conglomérats et de shales marins et non marins. Son bassin de
sédimentation était le bassin de Bowser, vaste étendue de roches
clastiques située au nord de l’arche de Skeena et au sud de l’arche de
Stikine. La présence des clastes de chert arrondis et la rareté du mica
détritique ont permis de distinguer les strates de bassin du Groupe
de Sustut et du Groupe de Skeena. Les clastes de chert proviennent
du terrane de Cache Creek, au nord-est, et lient ainsi l’origine de la
Stikinie à celle du terrane de Cache Creek, si bien que le bassin de
Bowser pourrait être considéré, d’un point de vue tectonique, comme
le dépocentre témoignant du fusionnement des terranes de Stikine
et de Cache Creek.

La petite taille des structures du Groupe de Bowser Lake, les
changements graduels de faciès, la conservation sporadique d’un
éventail restreint de fossiles et l’absence de repères stratigraphiques
latéralement continus ont empêché la définition d’unités
lithostratigraphiques formelles significatives dans le cadre de la
présente étude. On a plutôt subdivisé la majeure partie du Groupe de
Bowser Lake en assemblages de lithofaciès qui seraient
latéralement interdigités (et, du reste, se répéteraient verticalement)
à diverses échelles. Les unités sont décrites en commençant par
celles qui sont davantage distales ou vieilles, mais le lecteur doit
noter que nombre d’unités sont interdigitées avec les unités
limitrophes et que leurs âges se recoupent.

Unités m<Bs et m<Bv

Les roches sédimentaires non fossilifères et les roches volcaniques
qui se rencontrent sur la limite centrale nord de la région
cartographique représentent l’extrémité sud d’une vaste avant-butte
formée de strates du bassin de Bowser. L’unité m<Bs se compose
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least 500 m thick with lenses of conglomerate, com-
prise unit m<Bs. The sedimentary rocks are overlain by
1500 m of plagioclase-phyric flows, unit m<Bv. Strata
are assumed to be Middle Jurassic based on correlation
with similar strata to the northeast, in Cry Lake map
area, which are correlated with the Bowser Lake
Group, and which are Bajocian (and possibly younger).
The outlier of Bowser Lake Group contains boulders of
limestone and radiolarian chert, the oldest coarse
clastic rocks clearly derived from the Cache Creek
Terrane. They are the initial coarse clastic deposits
eroded subaerially from the hanging wall of the King
Salmon Fault, and were probably deposited in alluvial
fans and fan deltas close to the thrust front.

Todagin (slope) lithofacies assemblage

Large parts of the northern Bowser Basin are underlain
by dominantly dark-grey- or black-weathering, lami-
nated to massive siltstone and shale. Included are later-
ally continuous rusty-orange-weathering claystone
beds, fine-grained sandstone, rare limestone, and
lenses of light-grey-weathering, chert-pebble con-
glomerate. Sedimentary structures in the fine-grained
lithofacies include parallel lamination, cross-
lamination, starved ripples, graded bedding, and
syndepositional folds and faults. Orange-weathering
claystone beds give the otherwise dark, fine-grained
facies a characteristic ‘pin striped’ appearance in many
areas. Lenses of conglomerate occur as isolated or lat-
erally overlapping bodies. Pebbles in conglomerate are
rounded to well rounded, and bedding is massive to
crudely developed. The contact with underlying
Spatsizi Formation is gradational, and placed where
thin, white-weathering (?)tuffaceous laminae typical of
the upper Spatsizi Formation are no longer present in
black siltstone.

Fossils in the Todagin assemblage range from
Bathonian to early Oxfordian. In the southwest, how-
ever, the base of the unit is about 1800 m strati-
graphically above fossils of latest Jurassic or earliest
Cretaceous age, which requires that the Todagin
assemblage is locally latest Jurassic or Early
Cretaceous. The assemblage is overlain gradationally
by, and interfingers laterally with, shallow-marine and
deltaic strata of Bathonian and younger age. The
fine-grained lithofacies which dominates the unit is
interpreted to have been deposited in slope environ-
ments from hemipelagic and pelagic sources, as well as
from turbiditic input of overbank deposits from subma-
rine channels. The lenses of conglomerate are inter-
preted to be infilled submarine canyons on the slope
which fed debris to fans at the base of the slope. The
more sheet-like conglomerate units found locally near
the base of the unit are inner submarine fan deposits.

de conglomérat à cailloux de chert à la base et d’argilite d’au moins
500 m d’épaisseur contenant des lentilles de conglomérat. Les
roches sédimentaires sont recouvertes de 1500 m de coulées à
phénocristaux de plagioclase, soit l’unité m<Bv. Les strates
dateraient du Jurassique moyen, d’après une corrélation avec des
strates similaires reposant au nord-est, dans la région
cartographique du lac Cry, qui ont été mises en corrélation avec le
Groupe de Bowser Lake et qui datent du Bajocien et peut-être d’une
période ultérieure. L’avant-butte du Groupe de Bowser Lake
contient des blocs de calcaire et de radiolarite, soit les roches
clastiques grossières les plus vieilles qui sont dérivées
manifestement du terrane de Cache Creek. Ces dernières consti-
tuent les premiers dépôts clastiques à gros grain qui ont été érodés à
l’air libre de la lèvre supérieure de la faille de King Salmon. Elles
ont probablement été mises en place dans des cônes alluviaux et des
deltas alluviaux, à proximité du front de chevauchement.

Assemblage de lithofaciès de Todagin (talus)

De grandes parties du nord du bassin de Bowser contiennent du
siltstone et du shale laminés à massifs principalement gris foncé ou
noirs à l’altération, y compris des lits d’argilite latéralement
continus qui ont une couleur orange rouille à l’altération, du grès à
grain fin, du calcaire rare et des lentilles de conglomérat à cailloux
de chert qui ont une couleur gris pâle à l’altération. Parmi les struc-
tures sédimentaires du lithofaciès à grain fin, mentionnons des
structures présentant une lamination parallèle, une lamination
oblique, des rides incomplètes, un granoclassement normal, ainsi
que des plis et des failles synsédimentaires. À nombre d’endroits, la
présence de lits d’argilite de couleur orange à l’altération donne un
aspect rayé caractéristique au faciès à grain fin, qui est
généralement foncé. Les lentilles de conglomérat se présentent sous
la forme de massifs isolés ou chevauchants latéralement. Les
cailloux du conglomérat sont arrondis à très arrondis, et la stratifica-
tion est massive à grossièrement développée. Le contact avec la
Formation de Spatsizi sous-jacente est progressif et situé là où le
siltstone noir ne contient plus de minces lamines tufacées (?)
blanches à l’altération et caractéristiques de la partie supérieure de
la Formation de Spatsizi.

Les fossiles de l’assemblage de Todagin datent du Bathonien à
l’Oxfordien précoce. Toutefois, au sud-ouest, la base de l’unité se
trouve, stratigraphiquement, à quelque 1800 m au-dessus de
fossiles datant du Jurassique terminal ou du Crétacé initial, si bien
que l’assemblage de Todagin doit dater du Jurassique terminal ou
du Crétacé précoce par endroits. Cet assemblage est recouvert
progressivement de strates deltaïques et épicontinentales
bathoniennes ou plus jeunes et y est interdigité latéralement. Le
lithofaciès à grain fin qui prédomine dans l’unité aurait été déposé
sur un talus à partir de sources hémipélagiques et pélagiques et
d’apports turbiditiques de dépôts de débordement dans des chenaux
sous-marins. Les lentilles de conglomérat représenteraient des
canyons sous-marins comblés sur le talus qui alimentaient en débris
des éventails situés à la base du talus. Les unités de conglomérat qui
ont davantage l’aspect de nappes et que l’on trouve par endroits près
de la base de l’unité sont des dépôts d’éventails sous-marins
internes.
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Ritchie-Alger (submarine fan) lithofacies assemblage

A distinctive assemblage at least 1800 m thick, herein
informally named Ritchie-Alger assemblage, is
restricted to the southwest corner of Spatsizi River map
area. It is characterized by two lithofacies assemblages;
one dominantly silty, and one dominantly sandy, each
forming units 3–40 m thick. The two varieties alternate
vertically to give a distinctive weathering pattern of
light-coloured cliffs (sandstone lithofacies) separated
by dark-weathering, more recessive areas (fine-grained
lithofacies).

The fine-grained lithofacies is composed primarily
of recessive-weathering, black siltstone and fine-
grained sandstone with parallel lamination, graded
bedding, and local syndepositional folds. The sandstone
lithofacies is composed of resistant, medium- to
coarse-grained, lithic chert arenite and lesser wacke
that is laminated to very thickly bedded. Parallel lami-
nation, graded bedding, and massive beds are common,
as are flute-and-groove casts on the bases of beds. The
two lithofacies are interbedded and arranged in TAE,
TABE, TABCE, and TABCDE Bouma cycles with the fea-
tures noted above. Thinning- and fining-upward
sequences are locally well developed within the sandy
lithofacies. Conglomerate is rare.

The sandy turbidite succession of Ritchie-Alger
assemblage in southwest Spatsizi River is latest
Jurassic or earliest Cretaceous. The abundance of
graded bedding, flute-and-groove casts on the bottom
of medium-grained sandstone beds, turbidite units, and
the monotonous rhythmic repetition and lateral conti-
nuity of beds suggest that these strata are turbidite
sequences which were deposited on the middle and
lower fans of submarine fan complexes. Strata of the
fine-grained lithofacies are interpreted as hemipelagic
deposits and very distal turbidite deposits. The sandy
intervals are interpreted as middle and outer fan
deposits. The presence of Todagin (slope) assemblage
above the Ritchie-Alger assemblage is a result of
progradation of the inner fan and slope over the more
distal, submarine fan facies.

Muskaboo Creek (shelf) lithofacies assemblage

In several regions Todagin assemblage is overlain by a
succession 300 m to more than 1500 m thick which is
dominated by sheets of planar bedded, medium-
grained sandstone, interbedded with lesser fine-
grained sandstone, siltstone, and conglomerate. The
sandstone lithofacies is well bedded, thin- to thick-
bedded, locally has a calcareous matrix, and includes
bivalve coquinas and ammonites. Bioturbation is com-
mon. Coarsening-upward cycles are apparent locally;
coarse-grained strata are generally more abundant
higher in the succession. The unit is informally called
Muskaboo Creek assemblage.

Assemblage de lithofaciès de Ritchie-Alger (éventail sous-marin)

Un assemblage distinctif d’au moins 1800 m d’épaisseur, auquel on
donne le nom informel d’«assemblage de Ritchie-Alger» dans le
présent bulletin, se rencontre dans le coin sud-ouest de la région
cartographique de la rivière Spatsizi. Il se caractérise par deux
assemblages de lithofaciès – un principalement silteux et un autre
surtout sableux – qui forment chacun des unités de 3 à 40 m
d’épaisseur. Les deux assemblages se succèdent verticalement, for-
mant ainsi une mosaïque d’altération distinctive qui est formée de
falaises de couleur pâle (lithofaciès du grès) séparées par des zones
plus en retrait et de couleur plus foncée à l’altération (lithofaciès à
grain fin).

Le lithofaciès à grain fin se compose principalement de grès à
grain fin et de siltstone noir moins résistant à l’altération qui
présentent une lamination parallèle, un granoclassement normal et,
par endroits, des plis synsédimentaires. Le lithofaciès du grès se
compose d’arénite cherteuse lithique résistante à grain moyen à
grossier et de quantités moindres de wacke laminaire ou à stratifica-
tion très épaisse. À nombre d’endroits, on trouve une lamination
parallèle, un granoclassement normal; des lits massifs et des
moulages en flûte et des moulages de cannelure sont nombreux sur
la base des lits. Les deux lithofaciès sont interstratifiés avec les
entités susmentionnées et répartis selon les séquences de Bouma
TAE, TABE, TABCE et TABCDE. Les séquences à granodécroissance
vers le haut sont bien développées par endroits dans le lithofaciès
sableux. Le conglomérat est rare.

La succession à turbidite sableuse de l’assemblage de
Ritchie-Alger, dans le sud-ouest de la région de la rivière Spatsizi,
date du Jurassique terminal ou du Crétacé initial. L’abondance du
granoclassement, les moulages en flûte et les moulages de
cannelure à la base de lits de grès à grain moyen, la présence
d’unités turbiditiques, ainsi que la répétition à intervalles réguliers
et la continuité latérale des lits laissent supposer que ces strates cons-
tituent des séquences turbiditiques qui ont été mises en place sur les
éventails intermédiaires et inférieurs de complexes d’éventails
sous-marins. Les strates du lithofaciès à grain fin constitueraient
des dépôts hémipélagiques et des dépôts turbiditiques très distaux.
Les intervalles sableux formeraient, quant à eux, des dépôts
d’éventails intermédiaires et externes. La présence de l’assemblage
de Todagin (talus) au-dessus de l’assemblage de Ritchie-Alger est
attribuée à la progradation de l’éventail interne et du talus au-dessus
du faciès d’éventail sous-marin plus distal.

Assemblage de lithofaciès de Muskaboo Creek (plate-forme)

À plusieurs endroits, l’assemblage de Todagin est recouvert par une
succession de 300 m à plus de 1500 m d’épaisseur dans laquelle
prédominent des nappes de grès à stratification plane et à grain
moyen au sein desquelles sont interstratifiées des quantités
moindres de grès à grain fin, de siltstone et de conglomérat. Le
lithofaciès du grès est bien lité et comporte des lits minces à épais et
une matrice calcareuse par endroits; il comprend des lumachelles à
bivalves et des ammonites. Il est abondamment bioturbé. Des
séquences négatives sont visibles par endroits; les strates à grain
grossier sont généralement plus abondantes plus haut dans la suc-
cession. L’unité a reçu le nom informel d’«assemblage de
Muskaboo Creek».
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Strata of the assemblage in Spatsizi River map area
range from late Bathonian to Oxfordian, but more
regionally are as young as early Kimmeridgian and
locally as young as earliest Cretaceous. The abundance
of marine fossils, sheets of thin- to thick-bedded,
medium-grained sandstone, intensely burrowed sand-
stone which includes trace fossils characteristic of a
tidal zone environment, local hummocky cross-stratifi-
cation, and sandstone which locally coarsens upward
into conglomerate, as well as the stratigraphic position
between slope and deltaic facies are the basis for inter-
pretation of these strata as deposits of shallow-marine
environments.

Eaglenest (deltaic) lithofacies assemblage

Distinctively rusty-weathering, gravelly, conglomer-
atic strata occur in northernmost exposures of the Bowser
Lake Group. Sections 200 m to more than 1000 m thick
are comprised of 30% to 80% chert-pebble conglomer-
ate and include interbedded sandstone, siltstone,
mudstone, and rare coal. Dominant features are normal
grading, reverse grading within conglomerate, and
coarsening- and fining-upward cycles of mudstone to
pebble conglomerate. Crossbedding and clast
imbrication in conglomerate are well displayed locally.
The unit locally includes very large foresets. Marine
fossils are present throughout the unit, which is herein
assigned the informal name Eaglenest assemblage.

Fossils in the assemblage range from probably
Bathonian, to late Oxfordian to Kimmeridgian. The
high proportion of pebble conglomerate, its occurrence
as sheets and lenses locally organized in coarsening-
upward cycles, as well as the abundance of plant frag-
ments (including trees) and sporadic occurrence of
marine fossils, are the criteria for interpretation of these
strata as deposits of a high-energy, deltaic environment
that included marine conditions. Coarsening-upward
cycles are a result of delta progradation, whereas local
fining-upward cycles are a result of fluvial systems.
The high proportion of conglomerate in the assemblage
attests to the relatively high energy of the system as a
whole. Giant foresets found near the base of the unit in
several areas are interpreted as deposits of Gilbert-type
deltas. They indicate that the delta front and/or slope
was moderately steep and that sediment supply was rel-
atively high.

Skelhorne (deltaic) lithofacies assemblage

A large part of the southern half of Spatsizi River map
area is underlain by a thinly intermixed assemblage of
siltstone and sandstone with varied amounts of coal (up
to 5%) and/or conglomerate (5–40%). Plant fossils and
marine fossils are ubiquitous. Crossbedding, coarsen-
ing- and thickening-upward cycles, and the trace fossils
Skolithus and Diplocraterion are common features.
Differences in character of the unit within and between

Les strates de l’assemblage dans la région cartographique de la
rivière Spatsizi s’échelonnent en âge du Bathonien tardif à
l’Oxfordien; or, à une échelle plus régionale, elles peuvent être
aussi jeunes que le Kimméridgien précoce et, par endroits, que le
Crétacé initial. L’interprétation voulant que ces strates soient des
dépôts épicontinentaux repose sur divers facteurs, notamment
l’abondance des fossiles marins, les nappes de grès à grain moyen
en lits minces à épais, la présence de grès criblé de terriers contenant
des ichnofossiles caractéristiques des zones intertidales, la stratifi-
cation oblique bosselée locale et la présence de grès qui, par
endroits, passe vers le haut en du conglomérat, ainsi que la position
stratigraphique entre un faciès de talus et un faciès deltaïque.

Assemblage de lithofaciès d’Eaglenest (deltaïque)

Les affleurements les plus au nord du Groupe de Bowser Lake
contiennent des strates conglomératiques et graveleuses qui
prennent une couleur rouille caractéristique à l’altération. On
trouve des sections de 200 m à plus de 1000 m d’épaisseur qui sont
composées de 30 à 80 % de conglomérat à cailloux de chert et qui
renferment du grès, du siltstone, du mudstone et rarement du
charbon interstratifiés. Les principaux éléments sont le grano-
classement normal, le granoclassement inverse dans le
conglomérat, et des séquences positives et négatives de mudstone
allant à du conglomérat à cailloux. Par endroits, la stratification
oblique et l’imbrication des clastes dans le conglomérat sont
nettement visibles. Localement, l’unité comprend de très vastes
couches frontales. On trouve des fossiles marins partout dans
l’unité, à laquelle on donne le nom informel d’«assemblage
d’Eaglenest» dans le présent bulletin.

Les fossiles trouvés dans l’assemblage s’échelonnent en âge
probablement du Bathonien à l’Oxfordien tardif et au
Kimméridgien. L’abondance de conglomérat à cailloux, sa
présence en nappes et en lentilles formant localement des séquences
négatives, l’abondance des fragments de végétaux (y compris des
fragments d’arbres) et la présence sporadique de fossiles marins
permettent de considérer ces strates comme des dépôts mis en place
dans un milieu deltaïque à forte énergie où des conditions marines
se produisaient. Les séquences négatives sont le résultat d’une
progradation deltaïque, tandis que les séquences positives locales
sont issues de réseaux fluviaux. La forte proportion de conglomérat
dans l’assemblage démontre que l’énergie était relativement forte
dans l’ensemble du réseau. Les couches frontales géantes trouvées à
plusieurs endroits près de la base de l’unité seraient des dépôts de
deltas du type Gilbert. Elles démontrent que le front ou le talus
deltaïque était modérément abrupt et que l’apport sédimentaire était
relativement important.

Assemblage de lithofaciès de Skelhorne (deltaïque)

Une grande partie de la moitié sud de la région cartographique de la
rivière Spatsizi comporte un assemblage de siltstone et de grès
finement entremêlés, ainsi que diverses quantités de charbon
(jusqu’à 5 %) ou de conglomérat (de 5 à 40 %). Les fossiles
végétaux et marins sont très répandus. On trouve à nombre
d’endroits une stratification oblique, des séquences à grano-
croissance vers le haut et des ichnofossiles de Skolithus et de
Diplocraterion. Les caractéristiques de l’unité varient légèrement à
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different regions vary from minor to significant. Strata
on the ridges northwest and southeast of Skelhorne
Creek, in southeast Spatsizi River area, are typical of
the assemblage.

Strata are early Oxfordian to early Kimmeridgian.
The common occurrence of cycles coarsening upward
from coal or carbonaceous mudstone and/or siltstone,
to a cap of medium-grained sandstone or conglomerate,
as well as common marine and plant fossils, and, in
some places, a position overlying shelf or slope
deposits, are the primary reasons for interpreting these
strata as deposits of deltaic environments, ranging from
prodelta slope to upper delta plain. The common coars-
ening-upward cycles are a result of delta progradation,
whereas fining-upward cycles indicate regions domi-
nated by fluvial processes, probably on the upper delta
plain. Weathering character and the proportion of con-
glomerate, which ranges from 5–40%, and is most
commonly 15–25%, distinguish the assemblage from
the Eaglenest deltaic assemblage which includes
30–80% conglomerate.

Groundhog-Gunanoot (deltaic) lithofacies assemblage

Strata in the south-central map area are folded into the
gently southeast-plunging Biernes Synclinorium. The
unit on the flanks is dominantly fine grained, com-
prised of coal, carbonaceous mudstone and siltstone,
calcareous mudstone, fine-grained sandstone, and
medium-grained sandstone, with minor thin conglom-
erate. Fossil plants are common as molds, carbona-
ceous films, and densely packed masses on bedding
planes. Silicified trees are in situ in siltstone and sand-
stone, and marine fossils are rare. Planar tabular cross-
bedding is the most common sedimentary structure in
sandstone.

The age of Groundhog-Gunanoot strata is contro-
versial, but is probably between the latest Jurassic and
late Early Cretaceous. Sparse marine macrofossils, all
of which occur low in the succession, indicate that the
lowest strata are probably latest Jurassic to Early
Cretaceous. The unit has some characteristics of the
Skelhorne deltaic assemblage, but the paucity of con-
glomerate and marine fossils, greater abundance of
thicker coal seams, and a greater proportion of fin-
ing-upward cycles are the primary reasons for inter-
preting these strata as lower energy deltaic deposits.
Fining-upward cycles indicate regions dominated by
fluvial processes, and were probably deposited on the
upper delta plain. Collectively, deltaic strata in the
northern Bowser Basin, including the Skelhorne and
Eaglenest assemblages, are part of a regional marginal
marine, deltaic succession which is older and coarser in
the north. The Groundhog-Gunanoot deltaic assem-
blage includes the Groundhog Coalfield, which hosts
the most important coal in the basin.

considérablement dans les diverses régions et d’une région à une
autre. Les strates situées sur les crêtes au nord-ouest et au sud-est du
ruisseau Skelhorne, dans le sud-est de la région de la rivière
Spatsizi, sont typiques de l’assemblage.

Les strates datent de l’Oxfordien précoce au Kimméridgien
précoce. On considère qu’elles constituent des dépôts de milieux
deltaïques allant du talus prodeltaïque à la plaine deltaïque
supérieure, en se basant principalement sur l’abondance des
séquences négatives allant du charbon, du mudstone carboné ou du
siltstone carboné à un chapeau de conglomérat ou de grès à grain
moyen, l’abondance des fossiles marins et végétaux et, par endroits,
une position sus-jacente à des dépôts de plate-forme ou de talus. Les
séquences négatives sont attribuables à une progradation deltaïque
alors que les séquences positives témoignent de régions où
prédominaient des processus fluviatiles, probablement sur la plaine
deltaïque supérieure. L’aspect à l’altération et la proportion de
conglomérat, qui peut varier de 5 à 40 % mais qui se situe
généralement entre 15 et 25 %, permettent de distinguer
l’assemblage de Skelhorne de l’assemblage deltaïque d’Eaglenest,
qui contient de 30 à 80 % de conglomérat.

Assemblage de lithofaciès de Groundhog-Gunanoot (delta)

Les strates dans la partie centrale sud de la région cartographique
sont plissées, formant ainsi le synclinorium de Biernes, qui plonge
doucement vers le sud-est. L’unité sur les flancs est principalement
à grain fin et se compose de charbon, de siltstone et de mudstone
carbonés, de mudstone calcareux, de grès à grain fin, de grès à grain
moyen et de petites quantités de conglomérat en couches minces.
Les fossiles végétaux forment généralement des moules, des mem-
branes carbonées et des masses très compactes sur les plans de strati-
fication. Des arbres silicifiés se trouvent en position de vie dans le
siltstone et le grès; les fossiles marins sont rares. La structure
sédimentaire la plus répandue dans le grès est la stratification
oblique plane de type tabulaire.

Bien que l’âge de l’assemblage de Groundhog-Gunanoot
suscite la controverse, il se situe probablement entre le Jurassique
terminal et la fin du Crétacé précoce. Des macrofossiles marins
épars, qui se rencontrent tous dans la partie inférieure de la succes-
sion, indiquent que les strates inférieures datent probablement du
Jurassique terminal au Crétacé précoce. L’unité partage certaines
caractéristiques avec l’assemblage deltaïque de Skelhorne, mais la
rareté du conglomérat et des fossiles marins, l’abondance accrue
des filons houillers davantage épais et la proportion plus élevée de
séquences positives expliquent principalement pourquoi on
considère les strates de cette unité comme des dépôts deltaïques mis
en place dans un milieu à plus faible énergie. Les séquences
positives témoignent de régions où prédominaient des processus
fluviatiles et elles ont probablement été déposées sur la plaine
deltaïque supérieure. L’ensemble des strates deltaïques dans le nord
du bassin de Bowser, y compris les assemblages de Skelhorne et
d’Eaglenest, fait partie d’une succession deltaïque margino-marine
régionale qui est plus vieille et à grain plus grossier dans le nord.
L’assemblage deltaïque de Groundhog-Gunanoot comprend le
champ houiller de Groundhog, qui est celui qui contient le plus de
charbon dans le bassin.
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Jenkins Creek (nonmarine) assemblage

Strata northeast and southwest of the Groundhog-
Gunanoot assemblage are mainly mudstone, siltstone,
fine-grained sandstone, and medium-grained sand-
stone. Conglomerate is rare. Strata are commonly
arranged in fining-upward cycles with abundant plants
and no marine fossils.

No fossils of narrow age range have been recovered
during this study, and the stratigraphic position relative
to strata of known age is uncertain. The association of
medium-grained sandstone interbedded with mainly
fine-grained sandstone, siltstone, carbonaceous and
calcareous mudstone, and minor conglomerate and
coal, their arrangement in fining-upward cycles, and
the common occurrence of planar and trough
crossbeds, and lenses and discontinuous sheets of
medium-grained sandstone, combined with an abun-
dance of plant fossils and lack of marine fossils, are the
basis for interpretation of these strata as deposits of a
low-gradient, fluvial (and lacustrine) system with little
or no marine influence. The sandstone lenses and dis-
continuous sheets with planar tabular and trough cross-
bedding are interpreted to be channel deposits resulting
from the migration of channels across a floodplain.
Fine-grained sandstone, siltstone, and mudstone are
overbank, floodplain deposits. Poor understanding of
age hampers interpretation of specific trends and differ-
ences within and between the two belts of Jenkins
Creek assemblage.

Devils Claw Formation

In the core of the Biernes Synclinorium is a distinctive
unit least 1000 m thick. Sheets of conglomerate make
up 30–80% of the unit; conglomerate exhibits
large-scale crossbeds and lateral accretion surfaces.
Intervening strata are carbonaceous siltstone,
fine-grained sandstone, medium-grained sandstone,
and minor coal. Fossil plants are common and marine
fossils are absent.

The Devils Claw Formation is argued to be late
Barremian or Aptian, to latest Albian or Cenomanian in
one interpretation, or pre-Albian, but post-Neocomian,
in another. The absence of marine fossils and abun-
dance of plant fossils, including delicate ferns, are
indicative of nonmarine deposition. The abundance of
conglomerate, its sheet-like geometry, and the evi-
dence of channelling are inferred to be the product of
migration of gravelly channels across a high-gradient,
probably braided, floodplain. Fining-upward cycles are
further evidence of fluvial origin. The Devils Claw
Formation is interpreted to have formed in alluvial-fan
and braided-stream environments. The dramatic
increase in conglomerate above the low-energy, upper
delta plain part of the Groundhog-Gunanoot assemblage
heralds the change to high-energy fluvial and alluvial fan
conditions late in the history of the Bowser Basin. This is
inferred to be a result of increased topography resulting
from crustal thickening associated with the Skeena Fold

Assemblage de Jenkins Creek (non marin)

Les strates au nord-est et au sud-ouest de l’assemblage de
Groundhog-Gunanoot se composent principalement de mudstone,
de siltstone, de grès à grain fin et de grès à grain moyen. Le
conglomérat y est rare. Les strates se présentent généralement en
séquences positives et contiennent beaucoup de fossiles végétaux,
mais aucun fossile marin.

Dans le cadre de la présente étude, on n’a récupéré aucun fossile
d’un âge se situant dans un étroit intervalle. En outre, on ne connaît
pas avec certitude la position stratigraphique par rapport aux strates
d’âge connu. Ces strates constitueraient des dépôts d’un réseau flu-
vial (et lacustre) à faible gradient avec peu ou pas d’influence
marine, d’après l’association de grès à grain moyen interstratifié
avec du grès à grain surtout fin, du siltstone, du mudstone carboné et
calcareux et des quantités moindres de conglomérat et de charbon,
leur disposition en séquences positives, l’abondance de couches
obliques planes et en auge, la présence de lentilles et de nappes dis-
continues de grès à grain moyen, ainsi que l’abondance des fossiles
végétaux et l’absence des fossiles marins. Les lentilles et les nappes
discontinues de grès à couches obliques planes et en auge seraient
des dépôts de chenaux issus de la migration de chenaux sur une
plaine d’inondation. Le grès à grain fin, le siltstone et le mudstone
représentent des dépôts de débordement de plaine d’inondation. Un
manque de connaissances chronologiques empêche toute
interprétation des tendances particulières des deux ceintures de
l’assemblage de Jenkins Creek et des différences qui permettent de
les distinguer.

Formation de Devils Claw

Le coeur du synclinorium de Biernes contient une unité distinctive
d’au moins 1000 m d’épaisseur. Des nappes de conglomérat cons-
tituent de 30 à 80 % de l’unité; le conglomérat présente des couches
obliques de grande échelle et des surfaces d’accrétion latérale. Les
strates intermédiaires se composent de siltstone carboné, de grès à
grain fin, de grès à grain moyen et de petites quantités de charbon.
Les fossiles végétaux y abondent alors que les fossiles marins y sont
absents.

D’une part, on soutien que l’âge de la Formation de Devils Claw
se situe entre le Barrémien tardif ou l’Aptien et l’Albien terminal ou
le Cénomanien. D’autre part, on affirme qu’il est antérieur à
l’Albien mais ultérieur au Néocomien. L’absence de fossiles marins
et l’abondance de fossiles végétaux, y compris des fougères
délicates, témoignent d’une sédimentation non marine.
L’abondance et la géométrie stratiforme du conglomérat, ainsi que
la présence d’indices de formation de chenaux seraient attribuables
à la migration de chenaux graveleux sur une plaine d’inondation à
fort gradient qui était probablement anastomosée. Les séquences à
granodécroissance vers le haut témoignent également d’une origine
fluviatile. La Formation de Devils Claw se serait formée dans des
milieux de cônes alluviaux et de cours d’eau anastomosés.
L’augmentation spectaculaire de la proportion de conglomérat
au-dessus de la partie de l’assemblage de Groundhog-Gunanoot qui
représenterait une plaine deltaïque supérieure à faible énergie
atteste le passage à des conditions de milieu fluvial et de cône allu-
vial à forte énergie, tard dans l’évolution du bassin de Bowser, ce
qui résulterait d’une élévation de la topographie découlant de
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Belt. The Devils Claw Formation represents a
piggy-back basin within the fold belt, and had lower
units of the Bowser Lake Group as a source.

Provenance of Bowser Lake Group

The abundance of chert clasts and near absence of
metamorphic detritus distinguishes Bowser Basin
strata from older and younger clastic successions. The
significance of abundant chert clasts, and the likelihood
that Cache Creek Terrane, exposed 100 km to the north-
east, as their source, has been noted for many years. The
largest clasts (boulders) of chert and limestone occur in
the outlier of (?)Bajocian Bowser Basin strata in the
footwall of the King Salmon Fault. Radiolarians recov-
ered from the chert boulders, and pebbles in northern
Spatsizi River area, are the same age as chert in Cache
Creek Terrane, supporting the earlier interpretations of
provenance. A significant volcanic-lithic component is
inferred to have a source in volcanic-arc terranes north
and east of the Bowser Basin. Unidirectional paleo-
current indicators show southerly to southwesterly
paleoflow, consistent with interpretations of a north-
easterly source.

Summary of depositional history of the northern
Bowser Basin

Integration of ages of fossil collections with the map of
lithofacies assemblages are the foundation for interpre-
tation of the depositional history of the Bowser Basin.
Stratigraphic overlap of more proximal (to source)
facies over relatively distal ones, as well as south- or
southwestward younging of assemblages are docu-
mented for several regions and assemblages. The trend
recorded into Early Cretaceous is an overall regressive,
southwestward regional migration of facies belts, with
ones more proximal to source located on the northeast.
The stratigraphic record of the Early to mid-Cretaceous
is restricted to the Groundhog Coalfield. Strata there
record the most dramatic change in facies in the basin,
from low-energy, upper delta plain conditions in the
Groundhog-Gunanoot assemblage to the dominantly
conglomeratic, high-energy Devils Claw Formation.
This change is inferred to represent a significant transi-
tion in tectonic regime, from a relatively low gradient,
presumably distant from active tectonics, to a piggy-
back basin in the evolving Skeena Fold Belt.

Cretaceous Sustut Group

The Sustut Group is a Late Cretaceous clastic succession
more than 2000 m thick, divided into two formations.
The southwestern part hosts a triangle zone at the front
of the Skeena Fold Belt, so that complexly deformed
Tango Creek Formation is overlain by a north-
east-dipping monocline of Brothers Peak Formation, and
farther northeast both formations are subhorizontal.

l’épaississement crustal associé à la zone de plissement de Skeena.
La Formation de Devils Claw représente un bassin transporté au
sein de la zone de plissement; sa source était des unités inférieures
du Groupe de Bowser Lake.

Origine du Groupe de Bowser Lake

L’abondance de clastes de chert et l’absence quasi totale de débris
métamorphiques permettent de distinguer les strates du bassin de
Bowser des successions clastiques plus vieilles et plus jeunes.
Depuis nombre d’années, on sait que l’abondance de clastes de
chert est significative et que ces derniers sont probablement issus du
terrane de Cache Creek, qui est exposé à 100 km au nord-est. Les
plus gros clastes (blocs) de chert et de calcaire se trouvent dans
l’avant-butte de strates bajociennes (?) du bassin de Bowser, dans la
lèvre inférieure de la faille de King Salmon. Les radiolaires
récupérés dans des blocs de chert et les cailloux dans le nord de la
région de la rivière Spatsizi ont le même âge que le chert du terrane
de Cache Creek, ce qui soutien les interprétations antérieures rela-
tives à leur origine. Un important composant volcanique-lithique
aurait comme source des terranes d’arc volcanique situés au nord et
à l’est du bassin de Bowser. Des indices de paléocourants
unidirectionnels démontrent que l’écoulement s’effectuait vers le
sud ou le sud-ouest, ce qui est compatible avec les interprétations
établissant une source au nord-est.

Résumé de l’évolution séquentielle dans le nord du bassin de
Bowser

L’interprétation de l’évolution séquentielle du bassin de Bowser
repose sur l’intégration des âges des collections de fossiles à la carte
des assemblages de lithofaciès. Dans plusieurs régions et assem-
blages, on a pris note du recouvrement des faciès relativement
distaux pas des faciès plus proximaux (par rapport à la source), ainsi
que de la présence d’assemblages à vergence sud ou sud-ouest. La
tendance enregistrée jusque dans le Crétacé précoce indique une
migration régionale régressive globale vers le sud-ouest des zones
de faciès, les zones plus rapprochées de la source se trouvant au
nord-est. La stratigraphie du Crétacé précoce au Crétacé moyen
n’est connue que dans le champ houiller de Groundhog, dont les
strates témoignent du plus important changement de faciès dans le
bassin, soit le passage de conditions liées à une plaine deltaïque
supérieure à faible énergie, dans l’assemblage de Groundhog-
Gunanoot, aux conditions principalement à forte énergie des
conglomérats de la Formation de Devils Claw. Ce changement
représenterait une importante transition du régime tectonique, ce der-
nier ayant perdu son gradient relativement faible et probablement
éloigné de la tectonique active pour constituer un bassin transporté
dans la zone de plissement de Skeena en évolution.

Groupe crétacé de Sustut

Le Groupe de Sustut est une succession clastique datant du Crétacé
tardif; elle a plus de 200 m d’épaisseur et comporte deux forma-
tions. Sa partie sud-ouest contient une zone triangulaire au front de
la zone de plissement de Skeena, ce qui fait en sorte que la Formation
de Tango Creek, qui est déformée de manière complexe, est
recouverte par un monoclinal à pendage nord-est composé de la
Formation de Brothers Peak et que ces deux formations sont
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The common presence of detrital white mica distin-
guishes sandstone and siltstone of the Sustut Group
from the Bowser Lake Group.

Tango Creek Formation

The formation is at least 700 m thick on the southwest
side of the basin in Spatsizi River map area. It overlies a
range of Triassic to Late Jurassic units and is conform-
ably and abruptly overlain by Brothers Peak Formation.
A base of thin, quartz-pebble conglomerate or coarse-
grained, maroon fanglomerate is overlain by a succes-
sion with 20–60% sandstone. Sandstone occurs as
sheets and lenses of quartz- and chert-rich feldspathic
arenite. Sandstone, siltstone, and mudstone are orga-
nized into repetitive fining-upward cycles in the lower
member. The upper member is mainly mudstone, cal-
careous siltstone, and calcareous sandstone. Chert is
the dominant clast type in conglomerate, and most
clasts are 1–5 cm across. Paleocurrents in the lower
Tango Creek Formation are to the south and southwest,
consistent with high quartz-clast content of a northeast-
ern, Omineca Belt, source. In the Upper Tango Creek
Formation paleoflow was to the northeast. The change
in paleocurrent direction was accompanied by an
increase in chert content in sandstone, reflecting the
Bowser Lake Group source area.

Brothers Peak Formation

The upper unit of the Sustut Group is characterized by
polymict conglomerate, sandstone, and siliceous tuff.
Its base is defined as the base of the first conglomerate
below the lowest horizon of tuff. The basal conglomer-
atic succession is commonly more than 50 m thick and
resistant to weathering, and includes siliceous ash-fall
tuff. The conglomeratic base is overlain by a succes-
sion dominated by pebbly sandstone, siliceous ash-fall
tuff, and mudstone, with rare coal. Sandstone occurs as
sheets and as lenses, with grains of feldspar, quartz,
volcanic rock fragments, and chert. Chert is the domi-
nant clast type of Brothers Peak conglomerate. Paleo-
currents were to the east at the base of Brothers Peak
Formation, shifted to south-southeast and longitudinally
southeast down the basin in the upper part of the unit,
and then longitudinally to the southeast in the upper-
most part.

Age and environment of deposition of the Sustut Group

Recent palynological study shows that the Tango
Creek Formation ranges from Barremian or early
Albian to late Campanian, and the Brothers Peak
Formation ranges from late Campanian to late early
Maastrichtian. Strata were deposited in fluvio-
lacustrine, high- to low-gradient, alluvial-fluvial sys-
tems. Lithological differences between the upper and
lower members of the Tango Creek Formation reflect
the change in paleoslope and source, and the impact of

subhorizontales plus loin au nord-est. La présence de mica blanc
détritique permet de distinguer le grès et le siltstone du Groupe de
Sustut des matériaux du Groupe de Bowser Lake.

Formation de Tango Creek

Dans la région cartographique de la rivière Spatsizi, la Formation de
Tango Creek a au moins 700 m d’épaisseur sur le côté sud-ouest du
bassin. Elle recouvre une gamme d’unités datant du Trias au Jurassique
tardif et est recouverte en concordance et brusquement par la Formation
de Brothers Peak. On trouve une base constituée d’un mince
conglomérat à cailloux de quartz ou d’un fanglomérat marron à grain
grossier que recouvre une succession contenant de 20 à 60 % de grès. Le
grès se présente en nappes et en lentilles d’arénite feldspathique riche en
chert et en quartz. Dans le membre inférieur, du grès, du siltstone et du
mudstone sont organisés en séquences positives répétées. Le membre
supérieur se compose principalement de mudstone, de siltstone
calcareux et de grès calcareux. Le chert est le principal type de claste
dans le conglomérat, et la plupart des clastes mesurent de 1 à 5 cm de
diamètre. Dans la partie inférieure de la Formation de Tango Creek, les
paléocourants ont une orientation vers le sud et le sud-ouest, ce qui est
compatible avec la forte teneur en clastes de quartz d’une source située
au nord-est, dans le Domaine d’Omineca. Dans la partie supérieure de la
Formation de Tango Creek, la circulation se faisait vers le nord-est. Le
changement de direction des paléocourants a été accompagné d’une
augmentation de la teneur en chert du grès, ce qui reflète la région source
dans le Groupe de Bowser Lake.

Formation de Brothers Peak

L’unité supérieure du Groupe de Sustut se caractérise par la
présence de conglomérat polygénique, de grès et de tuf siliceux. Sa
base est définie comme la base du premier conglomérat sous
l’horizon de tuf le plus inférieur. Dans l’ensemble, la succession
conglomératique de base a plus de 50 m d’épaisseur, est résistante à
l’altération et comprend des tufs retombés siliceux. La base
conglomératique est recouverte par une succession qui renferme
principalement du grès caillouteux, du tuf retombé siliceux, du
mudstone et, rarement, du charbon. Le grès se présente en nappes et
en lentilles et contient des grains de feldspath, du quartz, des frag-
ments de roches volcaniques et du chert. Le chert constitue le princi-
pal type de claste dans le conglomérat de la Formation de Brothers
Peak. Les paléocourants étaient orientés vers l’est à la base de la
Formation de Brothers Peak, puis ils ont changé de direction vers le
sud-sud-est et longitudinalement vers le sud-est en aval dans le
bassin dans la partie supérieure de l’unité, pour encore changer de
direction longitudinalement vers le sud-est dans la partie sommitale
de l’unité.

Âge et milieu de dépôt du Groupe de Sustut

Une récente étude palynologique montre que l’âge de la Formation
de Tango Creek s’échelonne du Barrémien ou de l’Albien précoce
au Campanien tardif et celui de la Formation de Brothers Peak, du
Campanien tardif à la fin du Maastrichtien précoce. Les strates ont
été déposées dans des réseaux alluviaux-fluviaux fluviolacustres à
gradient fort à faible. Les différences lithologiques entre le membre
supérieur et le membre inférieur de la Formation de Tango Creek
reflètent le changement du paléotalus et de la source, ainsi que
l’incidence qu’a eu l’évolution de la zone de plissement de Skeena
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the evolving Skeena Fold Belt in the southwest. The
dramatic change from mudstone and siltstone in the
upper Tango Creek Formation to the conglomerate-
and tuff-rich base of the Brothers Peak Formation indi-
cates a marked change from a low-energy environment
to an alluvial basin with high-gradient tributary
streams. The Sustut Group is, in part, a foreland basin
associated with development of the Skeena Fold Belt.
The part closest to the fold belt was eventually canni-
balized by the fold belt as the deformation front pro-
gressed northeastward into Sustut Basin strata.

Pliocene Maitland Volcanics

The name Maitland Volcanics is herein proposed as a
formal term for the volcanic flows and associated necks
north, west, and southwest of Maitland Creek. The
Maitland Volcanics are confined to an upland area of
about 1000 km2 where the flat-lying lavas are pre-
served on broad, nearly concordant interfluves between
deeply incised tributaries of Iskut River on the west,
and Klappan River on the east.

All of the Maitland Volcanics flows overlie folded
Middle and Late Jurassic sedimentary rocks of the
Bowser Lake Group. They were deposited on nearly
flat to gently sloping interfluves with local relief of
about 40 m that are remnants of a broad, late Tertiary,
low-relief surface; most of the present rugged topogra-
phy was developed after the Maitland volcanic edifice
was built. Four samples of Maitland Volcanics flows
range from 5.2 Ma to 4.7 Ma (K-Ar). Measured sec-
tions of Maitland Volcanics lava flows are as much as
400 m thick and contain up to 20 separate flow units,
each commonly 2–20 m thick. Aphyric to slightly feld-
spar-phyric basalt, which forms all but a few of the
uppermost flows, is the dominant lithology. A few
flows of trachybasalt and trachyte are preserved near
the top of thick sections. Fourteen volcanic necks are
concentrated in the central part of the Maitland
Volcanics shield. Bounded by near-vertical walls, they
stand as isolated monoliths 100–250 m in diameter and
up to 150 m above the surrounding terrain. Chemical
analyses define basaltic (46–52% SiO2) and trachytic
(61–67% SiO2) populations on the total alkali versus
silica diagram. The basaltic ones are from lava flows in
the lower and middle portion of the stratigraphic sec-
tions and appear to be representative of a broad basal
shield which forms most of the existing remnants of the
Maitland Volcanics pile. The trachytic ones are from
volcanic necks and thick flows in the uppermost part of
the highest remnant. The latter appear to be vestiges of
a complex edifice of trachyte and possibly intermediate
domes and flows which formerly overlay the central
part of the basaltic shield. The chemistry and petrogra-
phy of the volcanic necks suggests that most were feed-
ers for this late, trachytic stage of Maitland Volcanics
activity.

au sud-ouest. Le passage marqué du mudstone et du siltstone dans la
partie supérieure de la Formation de Tango Creek, au conglomérat
et au tuf à la base de la Formation de Brothers Peak, indique un pas-
sage net d’un milieu à faible énergie à un bassin alluvial comportant
des affluents à fort gradient. Le Groupe de Sustut représente en
partie un bassin d’avant-pays associé à la formation de la zone de
plissement de Skeena. La partie la moins éloignée de la zone de
plissement a ensuite été cannibalisée par cette dernière, au fur et à
mesure que le front de déformation progressait vers le nord-est,
dans les strates du bassin de Sustut.

Volcanites pliocènes de Maitland

Dans le présent bulletin, on propose le nom formel de «Volcanites
de Maitland» pour désigner les coulées volcaniques et les necks
apparentés qui se trouvent au nord, à l’ouest et au sud-ouest du
ruisseau Maitland. Les Volcanites de Maitland se rencontrent
uniquement dans une zone de hautes terres d’environ 1000 km² où
les laves horizontales sont conservées dans des interfluves larges et
presque concordants, entre les tributaires profondément entaillés de
la rivière Iskut, à l’ouest, et de la rivière Klappan, à l’est.

Toutes les coulées des Volcanites de Maitland recouvrent des
roches sédimentaires plissées datant du Jurassique moyen et du
Jurassique tardif du Groupe de Bowser Lake. Elles ont été déposées
sur des interfluves presque horizontaux à légèrement inclinés, dont
le relief local atteint environ 40 m et qui constituent les vestiges
d’une large surface à faible relief datant du Tertiaire tardif. La
majeure partie de l’actuelle topographie accidentée s’est formée
après la mise en place de l’édifice volcanique de Maitland. L’âge
(K-Ar) de quatre échantillons prélevés dans les coulées des
Volcanites de Maitland varie de 5,2 Ma à 4,7 Ma. Des sections dans
les coulées de laves des Volcanites de Maitland ont jusqu’à 400 m
d’épaisseur et contiennent jusqu’à 20 unités de coulées distinctes
mesurant généralement de 2 à 20 m d’épaisseur chacune. Le
lithotype principal est du basalte qui peut être aphyrique et même
contenir de faibles quantités de phénocristaux de feldspath et dont
sont composées presque toutes les coulées sommitales. Quelques
coulées de trachybasalte et de trachyte sont conservées près du
sommet de certaines sections épaisses. La partie centrale du
bouclier des Volcanites de Maitland contient 14 necks volcaniques.
Ces derniers ont des parois quasi verticales et forment des
monolithes isolés de 100 à 250 m de diamètre qui dominent leurs
environs d’une hauteur pouvant atteindre 150 m. Les analyses
chimiques indiquent la présence de populations basaltiques (de 46 à
52 % de SiO2) et trachytiques (de 61 à 67 % de SiO2) sur un
diagramme alkali-silice. Les populations basaltiques proviennent
des coulées de laves des parties inférieure et intermédiaire des sec-
tions stratigraphiques, et elles semblent être typiques d’un large
bouclier basal qui constitue la plupart des vestiges de l’édifice
volcanique de Maitland. Les populations trachytiques sont issues de
necks volcaniques et de coulées épaisses dans la partie sommitale
du vestige le plus élevé. Ces dernières semblent être les vestiges
d’un édifice complexe de trachyte et peut-être de coulées et de
dômes intermédiaires qui recouvraient autrefois la partie centrale
du bouclier basaltique. L’analyse chimique et pétrographique des
necks volcaniques laisse supposer que la plupart d’entre eux étaient
des cheminées qui ont alimenté ce stade trachytique tardif du
volcanisme associé aux Volcanites de Maitland.
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The Maitland Volcanics lie along the eastern mar-
gin of the central Stikine Volcanic Belt, about 40 km
east of the Mount Edziza Volcanic Complex. Both
complexes have a similar bimodal composition. Epi-
sodic eruptions continued on Mount Edziza until
Recent time whereas Maitland Volcanics activity
ceased about 4.6 Ma ago.

Structure and tectonics

Deformation in Paleozoic rocks

The presence of strong penetrative foliation, greenschist-
facies metamorphism, and an inferred polyphase history
of folding, distinguishes Paleozoic strata from younger
successions, and suggests that at least some of the defor-
mation in these strata is Paleozoic.

Late Triassic–Early Jurassic and early Middle
Jurassic deformation

Within the volcanic arc-related Stuhini and Hazelton
successions, strata and unconformities record at least
two periods of deformation. The first of these is wide-
spread Late Triassic to Early Jurassic, pebble to cobble
conglomerate (unit =<c), indicative of the Triassic–
Jurassic deformation known regionally in northern
Stikinia. The second inferred deformation is expressed
as angular unconformities in Early to Middle Jurassic
rocks, and may be a result of either contractional defor-
mation, or extension associated with arc volcanism.

Mesozoic normal, reverse, and strike-slip faults

Northern Spatsizi River map area is transected by
numerous steep faults. Most are dip-slip, and where
known, most are normal faults. The majority strike
northeast or northwest to north-northwest. Many are
Late Cretaceous and possibly younger, with no con-
straint on the younger limit. Griffith and Black Fox
faults are long-lived, northeast-trending, regional fea-
tures which significantly influence the map pattern.
Together they resulted in uplift of the block between
them relative to surrounding areas, and appear to have
influenced the thickness of the Tango Creek Formation.
They may have been a result of northwest extension, or
may be basement faults reactivated during formation of
the Skeena Fold Belt. Whatever the cause, vertical dis-
placement is substantial. The Buckinghorse and
Sloughgrass faults intersect the Griffith Fault. Roughly
3000–4400 m southwest-side-down displacement on
the Buckinghorse and Sloughgrass faults, and probably
a similar magnitude of southeast-side-down displace-
ment on the Griffith Fault, combine to result in expo-
sure of significantly different structural levels near
their intersection, which is prominently expressed by
the distribution of map units.

Les Volcanites de Maitland se rencontrent le long de la marge
orientale de la partie centrale de la ceinture volcanique de Stikine, à
quelque 40 km à l’est du Complexe volcanique de Mount Edziza.
Les deux complexes ont une composition bimodale similaire. Des
éruptions épisodiques se sont produites au mont Edziza jusqu’à
l’Holocène, alors que le volcanisme associé aux Volcanites de
Maitland a cessé il y a environ 4,6 Ma.

Structure et tectonique

Déformation dans les roches paléozoïques

Les roches paléozoïques présentent une forte foliation pénétrative,
un métamorphisme du faciès des schistes verts et une histoire du
plissement polyphasé, ce qui permet de les distinguer des succes-
sions plus jeunes et laisse supposer qu’une partie au moins de la
déformation de ces strates date du Paléozoïque.

Déformation au Trias tardif-Jurassique précoce et au début
du Jurassique moyen

Dans les successions des groupes de Stuhini et de Hazelton qui sont
liées au volcanisme d’arc, les strates et les discordances témoignent
d’au moins deux épisodes de déformation. Le premier est
représenté par un conglomérat à cailloux et galets (unité =<c)
répandu qui date du Trias tardif au Jurassique précoce et qui est
révélateur de la déformation triasique-jurassique observée dans le
nord de la Stikinie. Le second présumé épisode de déformation se
traduit pas des discordances angulaires dans des roches du
Jurassique précoce à moyen, et pourrait résulter d’une contraction
ou d’une distension associée au volcanisme d’arc.

Failles normales et inverses et décrochements du Mésozoïque

De nombreuses failles à fort pendage recoupent la partie nord de la
région cartographique de la rivière Spatsizi. La plupart d’entre elles
sont des failles à rejet-pendage et, là où elles sont connues, la
plupart sont des failles normales. La majeure partie de ces failles ont
une direction nord-est ou nord-ouest à nord-nord-ouest. Bon
nombre d’entre elles remontent au Crétacé tardif ou peut-être après;
on ne connaît pas l’âge le plus récent. Les failles de Griffith et de
Black Fox sont des entités régionales de longue durée, à direction
nord-est, qui ont considérablement influé sur le tracé
cartographique. Ensemble, elles ont entraîné le soulèvement du
bloc qui les sépare au-dessus des régions environnantes et semblent
avoir influé sur l’épaisseur de la Formation de Tango Creek. Elles
pourraient avoir été le résultat d’une distension nord-ouest ou être
des failles du socle qui ont été remobilisées pendant la formation de
la zone de plissement de Skeena. Le déplacement vertical est
considérable, quelle que soit leur origine. Les failles de
Buckinghorse et de Sloughgrass recoupent la faille de Griffith.
L’abaissement sur environ 3000 à 4400 m du compartiment
sud-ouest des failles de Buckinghorse et de Sloughgrass, ainsi que
l’abaissement probablement aussi important du compartiment
sud-est de la faille de Griffith ont exposé des niveaux structuraux
très différents près de leur point d’intersection, ce que la répartition
des unités cartographiques illustre de manière bien apparente.
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Many steeply dipping, northwest-trending faults
occur in the northwest quadrant of the map area. The
vast majority of them, and the Buckinghorse,
Sloughgrass, and Nation faults, accommodated south-
west-side-down displacement. Some of these are
mid-Cretaceous or younger. They may be reverse faults
related to northeast contraction of the Skeena Fold Belt,
or extensional faults related to thrust loading of the fold
belt. One fault with demonstrable strike-slip displace-
ment is the sinistral Pitman Fault.

Post-Jurassic contractional structures of the
Skeena Fold Belt

The southern three-quarters of Spatsizi River map area
is underlain by an impressive array of folds and fewer
thrust faults which are part of a much larger region of
deformed strata collectively called the Skeena Fold
Belt. Primary characteristics of the fold belt are that: it
is best expressed in the Bowser Lake and Sustut groups,
but it also affects Stikinia; most folds and thrust faults
trend northwest; northeast-verging folds accommo-
dated a minimum of 150 km (44%) of northeasterly
shortening in the Cretaceous to earliest Tertiary; the
fold belt ends in the northeast in a classic triangle zone;
and it roots to the west in the Coast Belt.

Folds and thrust faults in Spatsizi River map area
fall into two general trends, one northwest and the other
northeast. The latter occur primarily in the southwest
corner of the map area, but are present (rarely) else-
where as warps and open folds which interfere with
northwest-trending folds. Folds of both orientations are
most commonly close to tight, but warps are present,
and isoclines are rare. Folds vary widely in geometry
and orientation from angular chevron folds, to rounded
folds, and are upright to overturned. Most folds in sand-
stone, conglomerate, and Triassic–Jurassic volcanic
rocks are parallel, concentric folds formed mainly by
flexural slip folding. Space was accommodated by flow
of incompetent rock types into hinges. Disharmonic
folds are also common. Most folds plunge gently to
subhorizontal; moderately plunging folds are uncom-
mon, and steeply plunging ones exceptionally rare.
Cleavage is parallel with the axial surfaces of folds and
is locally fanned. It varies from absent to strongly
developed in siltstone and very fine-grained sandstone,
and is rare in coarser grained sandstone. Fold wave-
lengths range from several hundred metres to 1 km
where only Bowser Lake or Sustut groups are involved,
but where Hazelton Group volcanic rocks are involved,
wavelengths are up to several kilometres. Thrust faults
are easiest to recognize where hanging wall and
footwall are different map units. Hanging wall and
footwall cutoffs of these units allow construction of
balanced cross-sections. Thrust faults exist within the
Bowser Lake Group, but are difficult to recognize
unless hanging-wall or footwall cutoffs are visible.

Dans le quadrant nord-ouest de la région cartographique, on
trouve de nombreuses failles à fort pendage et à direction nord-ouest.
Dans la majeure partie de ces failles, de même que les failles de
Buckinghorse, de Sloughgrass et de Nation, il y a eu abaissement du
compartiment sud-ouest. Certaines de ces failles datent du Crétacé
moyen ou d’une période ultérieure. Elles pourraient être des failles
inverses associées à la contraction nord-est de la zone de plissement
de Skeena, ou des failles de distension associées au chevauchement
de cette zone de plissement. La faille senestre de Pitman est une faille
qui présente un décrochement évident.

Structures de contraction post-jurassiques de la zone de
plissement de Skeena

Les trois quarts sud de la région cartographique de la rivière Spatsizi
contiennent une très vaste gamme de plis ainsi que des failles de
chevauchement moins nombreux qui font partie d’une zone
beaucoup plus grande de strates déformées appelée «zone de
plissement de Skeena». Les principales caractéristiques de la zone
de plissement de Skeena sont les suivantes : c’est dans le Groupe de
Bowser Lake et le Groupe de Sustut qu’elle est le plus facilement
identifiable, mais elle a également touché la Stikinie; la plupart des
plis et des failles de chevauchement qu’elle contient ont une direc-
tion nord-ouest; des plis à vergence nord-est ont été à l’origine d’au
moins 44 % (150 km) du raccourcissement nord-est qui s’est
produit durant le Crétacé et jusqu’au Tertiaire initial; elle se termine
au nord-est, dans une zone triangulaire typique; ses racines se
trouvent à l’ouest dans le Domaine côtier.

Les plis et les failles de chevauchement de la région
cartographique de la rivière Spatsizi suivent deux directions
générales, à savoir le nord-ouest et le nord-est. Les plis et les failles
de chevauchement à direction nord-est se rencontrent
principalement dans le coin sud-ouest de la région cartographique,
mais on en trouve ailleurs (rarement) sous la forme de
gauchissements et de plis ouverts qui recoupent des plis à direction
nord-ouest. Les plis à direction nord-ouest ou nord-est sont
généralement aigus à serrés; il y a des gauchissements mais très peu
de plis isoclinaux. La géométrie et la direction des plis varient
considérablement, soit du pli en chevron angulaire au pli arrondi et
du pli droit au pli renversé. La plupart des plis dans les grès, les
conglomérats et les roches volcaniques triasiques-jurassiques sont
des plis concentriques isopaques formés principalement par flexion
et glissement. Il y a eu écoulement des roches incompétentes dans
les charnières. Les plis disharmoniques sont répandus. La plupart
des plis plongent légèrement ou sont subhorizontaux. Les plis à
plongement moyen sont rares et les plis à fort plongement sont
extrêmement rares. Le clivage est parallèle aux surfaces axiales des
plis et, par endroits, il est en éventail. Il est absent à très prononcé
dans le siltstone et le grès à grain très fin, et il est rare dans le grès
plus grossier. La longueur d’onde des plis varie de plusieurs
centaines de mètres à 1 km dans le Groupe de Bowser Lake ou le
Groupe de Sustut, mais elle peut atteindre plusieurs kilomètres dans
les roches volcaniques du Groupe de Hazelton. Les failles de
chevauchement sont le plus facilement identifiables là où la lèvre
supérieure et la lèvre inférieure constituent des unités
cartographiques distinctes. Dans ces unités, les coupures de la lèvre
supérieure et de la lèvre inférieure permettent la réalisation de
coupes équilibrées. Des failles de chevauchement existent dans le
Groupe de Bowser Lake, mais elles sont difficiles à reconnaître
lorsque les coupures de la lèvre supérieure et de la lèvre inférieure
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Minimum estimates of shortening where only the Bowser
Lake Group is exposed are obtained by measuring bed
lengths of continuously exposed beds.

The most significant conclusions drawn from
examination of geometries and relationships in Spatsizi
River map area are: volcanic strata underlying the
Bowser Lake Group are intimately involved in
contractional deformation, including thrust faults;
structures overlain by basal Tango Creek Formation
demonstrate folding and thrust faulting which predate
the Sustut Group (i.e. pre-Albian); folding of the youn-
gest Brothers Peak Formation demonstrates that fold-
ing continued into the latest Cretaceous, and possibly
Tertiary; balanced cross-sections illustrate that the
minimum horizontal shortening on thrust faults is 44%;
this proportion of shortening is approximately matched
by folds; thrust sheets of thick layered and competent
volcanic successions are inferred to form large,
fault-bend folds above footwall and hanging-wall
ramps; the influence of these large-scale folds on the
scale of folds in the Bowser Lake Group dissipates at
structurally higher levels as fault propagation folds
within thinly layered Bowser Lake Group and Tango
Creek Formation become dominant; and evolution of
the fold belt is expressed in the sedimentary records of
the Devils Claw Formation and Sustut Group.

The Skeena Fold Belt formed during a time of
oblique convergence between the Pacific and North
American plates and is regarded to be a result of that
convergence. Consideration of the sense of oblique
convergence and a search for explanation for north-
east-trending folds in the western Skeena Fold Belt
which accommodated significant southeasterly short-
ening led to the interpretation that the folds are a result
of sinistral convergence on the plate margin early in the
history of the fold belt (i.e. Early Cretaceous). It is con-
ceivable, but unproven, that partitioning of strain
during sinistral convergence may also have resulted in
local northwest-trending folds, reflecting the orthogo-
nal component of convergence. The later (Late
Cretaceous) history of the fold belt is recorded by
northwest-trending folds in the Bowser Lake and
Sustut groups. The proportion of Late Cretaceous folds
in the Bowser Lake Group is unknown.

ne sont pas visibles. Les estimations minimales du raccourcis-
sement survenu aux endroits où seul le Groupe de Bowser Lake est
exposé sont obtenues en mesurant la longueur des lits exposés de
façon continue.

Voici les plus importantes conclusions tirées de l’étude des
géométries et des relations observées dans la région cartographique
de la rivière Spatsizi. Les strates volcaniques sous-jacentes au
Groupe de Bowser Lake ont été étroitement impliquées dans la
déformation par contraction, y compris les failles de chevauche-
ment. Les structures recouvertes par la base de la Formation de Tango
Creek témoignent d’un plissement et d’un chevauchement
antérieurs au Groupe de Sustut (c.-à-d. antérieurs à l’Albien). Le
plissement des matériaux les plus jeunes de la Formation de Brothers
Peak indique que le plissement s’est poursuivi durant le Crétacé ter-
minal et peut-être pendant le Tertiaire. Des coupes équilibrées
indiquent que le raccourcissement horizontal minimum sur les
failles de chevauchement est de 44 %, proportion relativement com-
parable à celle qui se rapporte aux plis. Les nappes de charriage
composées d’épaisses successions volcaniques compétentes
formeraient de gros plis de rampe au-dessus des rampes des lèvres
inférieure et supérieure. L’effet de ces gros plis sur la taille des plis
du Groupe de Bowser Lake n’est plus discernable à des niveaux
structuraux supérieurs, là où prédominent les plis de propagation de
faille dans les couches minces du Groupe de Bowser Lake et de la
Formation de Tango Creek. Enfin, les roches de la Formation de
Devils Claw et du Groupe de Sustut témoignent de l’évolution de la
zone de plissement.

La zone de plissement de Skeena s’est formée pendant un
épisode de convergence oblique survenu entre la plaque pacifique et
la plaque nord-américaine, et l’on considère qu’elle résulte de cette
convergence. C’est en voulant déterminer les effets de la conver-
gence oblique et l’origine des plis à direction nord-est situés dans la
partie ouest de la zone de plissement de Skeena (plis qui révèlent un
important raccourcissement sud-est) que l’on a interprété les plis
comme le produit d’une convergence senestre survenue sur la
marge des plaques tôt dans l’histoire de la zone de plissement
(c.-à-d. pendant le Crétacé précoce). Bien que ceci n’ait pas été
prouvé, il est possible que la différenciation de la déformation pen-
dant la convergence senestre ait également entraîné la formation par
endroits de plis à direction nord-ouest, ce qui se refléterait dans la
composante orthogonale de la convergence. Les plis à direction
nord-ouest dans le Groupe de Bowser Lake et le Groupe de Sustut
attestent l’histoire plus tardive (Crétacé tardif) de la zone de
plissement. On ne sait pas quelle proportion de plis datent du
Crétacé tardif dans le Groupe de Bowser Lake.



INTRODUCTION
The goal of the project that is reported on in the following
pages was to produce an up-to-date geological map of Spatsizi
River map area supported by a synthesis of the stratigraphy and
structure. In doing so the authors have provided detailed maps
and descriptions which show the critical relationships that con-
tribute to an enhanced geological framework of the Canadian
Cordillera. In particular, studies of the Hazelton Group add
much detail to the understanding of this unit that regionally
hosts significant base- and precious-metal deposits. Studies of
the Bowser Lake Group have resulted in the first subdivision of
the group into units that permit analysis of the depositional his-
tory of the Bowser Basin, facilitating interpretation of the role
of the basin in the tectonic evolution of the region. The subdivi-
sion is also valuable in assessing energy resource potential for
various parts of the basin.

Location and access

Spatsizi River map area, (NTS 104 H; 57°–58°N latitude,
128°–130°W longitude) is in the northern Skeena Mountains
and western Spatsizi Plateau of north-central British Columbia
(Fig. 1). Access to the area from Watson Lake or Smithers is
by Highway 37, which skirts in and out of the west side of the
map area at about 57°45′N latitude (Fig. 2). An unpaved road
from Highway 37 along Ealue Lake provides access to the
B.C. Rail subgrade if the bridge over the Klappan River is not
washed out (Fig. 3). The subgrade can be travelled by
two-wheel-drive vehicle in the summer from the Ealue Lake
road to at least Didene Creek (Fig. 3). An unpaved road along
the top of Tsaybahe Mountain provides access to the plateau
in the northwestern corner of the map. Extensive snow
patches render the higher parts of it impassable until late June.

An unpaved road to the microwave station a few kilometres
east of the western map boundary at latitude 57°53′N requires
a four-wheel-drive vehicle.

Major airstrips (gravel) are located at the town of Iskut
and along the B.C. Rail subgrade near the head of Little
Klappan River (Fig. 3). Several lakes in the area are large
enough to accommodate float planes. Flights to Tuaton Lake
are the typical route of access for canoeists wishing to paddle
the upper Stikine River. A 4 km portage connects the
subgrade near Didene Creek (about 1 km southeast of the old
Gulf Canada camp) to the upper Spatsizi River, for the conve-
nience of canoeists. The only feasible rapid access to most of
the area is by helicopter. Permanent helicopter bases are at
Dease Lake, whereas temporary bases have been at Iskut,
Tatogga Lake, Bob Quinn Lake, Bell II, Stewart, and other
sites determined by mineral exploration programs. Little of
the area is consistently rugged enough to impede helicopter
landings within 1 km or so of an objective.

Physiography

The Skeena Mountains (Fig. 1) occupy the southern two-
thirds of the map area, and range from about 6500′ (2000 m) to
7500′ (2300 m) in elevation above sea level, with the maxi-
mum (Mount Will) over 8200′ (2500 m). Major valleys are
between 3000′ (900 m) and 4500′ (1400 m), resulting in total
relief of about 3000′ (900 m). The mountains vary from spec-
tacularly rugged to gently rolling, and in many areas the
topography is controlled by geology. For example, the most
rugged areas are underlain by Mesozoic volcanic rock and
conglomerate, whereas flat-lying Tertiary volcanic rocks and
recessive siltstone underlie the Klastline Plateau, and gently-
dipping to flat-lying Cretaceous rocks underlie the Spatsizi
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Figure 1. Physiography of northwestern British Columbia
(after Mathews, 1986) and location of Spatsizi River map
area (shaded).
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Plateau (Fig. 1). Steeply dipping conglomerate beds form
some of the most formidable obstacles to foot travel because
they are resistant to weathering compared to the surrounding
shale, resulting in the formation of large flatirons. Flat-lying
conglomerate may form laterally continuous cliffs 10–200 m
high. Striking topography north of Maitland Creek is the
result of differential weathering between Tertiary volcanic
necks and the surrounding recessive sedimentary rock of the
Bowser Basin. The monoliths are 200–400 m in diameter,
have local relief of up to 400 m, and near-vertical walls. The
northern Spatsizi Plateau occupies the northern one-third of
the map area. Its elevation is 6000′ (1800 m) to 6500′ (2000 m)
and drops gradually northward to the broad Stikine River val-
ley at 3000′ (900 m). The Stikine, Spatsizi, Dawson, and Ross
rivers are the only major drainage features across this part of
the plateau. The largest undissected area of plateau is

bounded on the north and east by the Stikine River, on the
southeast by the Spatsizi River, and on the southwest by the
Cold Fish Lake valley (Fig. 3).

Average treeline elevation is about 4500′ (1400 m), above
which the ground is generally bedrock, moraine, talus,
meadow, or glacier. Isolated alpine glaciers are present in
many north-facing cirques in the southern two-thirds of the
area, and large icefields are present in the southwestern cor-
ner. Aside from moraine in alpine regions, the only part of the
map area with substantial glacial deposits is the northeast cor-
ner, where the results of north-south ice movement are readily
apparent on airphotos.

The Skeena Mountains and Spatsizi Plateau in Spatsizi
River map area are dissected by several large river valleys and
host the headwaters of some of the largest rivers in British
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Columbia: the Stikine, Skeena, and Nass rivers. Most of the
map area is within the Stikine River catchment basin, which
includes the Klappan and Spatsizi rivers. Only the uppermost
reaches of the Skeena and Nass drainages occur in the south-
ern part of the study area.

Previous geological work

The earliest geological exploration in the region focused on
the Groundhog Coalfield (Fig. 4), in the southeast part of the
map sheet. The rich history of discovery and development of

the coalfield constituted the majority of work in the region
until systematic mapping began by the Geological Survey of
Canada (GSC) in the 1950s. Mineral exploration in the north-
west part of the area has been sporadic since the early 1900s.

The earliest exploration of the area was from 1865–1867
when it was traversed by reconnaissance parties of the Western
Union Telegraph Company. During the Omineca gold rush
peak, from 1867–1873, several prospectors noted coal float
on the trail from Fraser Lake through the coalfield to the
Cassiar. Between 1898 and 1900, the federal Department of
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Railways and Canals surveyed the region for a railway route
from Yukon Territory to coastal British Columbia, and col-
lected rock samples for the GSC. This work resulted in a pre-
liminary report (Dupont, 1900) of the discovery of a 10 ft.
(3 m) seam of “impure coal” near Klappan Mountain, and
Dawson (1901) suggested “that large and important coal-
fields will be available, when required” and that anthracite
coal was found. The Yukon Telegraph Line from Quesnel to
Atlin, together with a plan to build a National Transcontinental
Railway that would pass through northern British Columbia,
improved accessibility and stimulated interest in the
Groundhog area for the next nine years. Early in this period
(1903) James McEvoy and W.W. Leach explored the area
and discovered significant coal seams; by 1912 several coal
syndicates were active in the coalfield. A combination of
unfavourable aspects of the coal and transportation problems
led to a sharp decline in activity in 1912. In 1948 the coalfield
was mapped by A.F. Buckham and B.A. Latour (Buckham
and Latour, 1950) with focus on coal, and a modern map of
the coalfield was published.

Systematic regional mapping by the Geological Survey of
Canada began in 1956 with Operation Stikine. During that
summer, four adjoining 1:250 000 map sheets were examined
at reconnaissance scale (Geological Survey of Canada,
1957). This work led to recognition of the enormous Bowser
Basin, and established the broad geological framework of a
large part of northwest British Columbia. In Spatsizi River
map area, mapping under the direction of L. Green differenti-
ated Permian and/or Triassic rocks, pre-upper Jurassic rocks
that are mainly volcanic, Bowser Basin strata, and Sustut
Basin strata (Geological Survey of Canada, 1957).

A resurgence of coal reconnaissance in the late 1960s
included exploration and diamond drilling. Exploration
throughout the Groundhog Coalfield was carried out by Esso
Minerals, and Suncor Inc. from 1973–1982, and several other
companies engaged in more local studies. In 1979 Gulf
Canada Resources Inc. began a local and regional exploration
program which ultimately outlined the Klappan anthracite
property as a significant resource, and identified what became
three developed prospects, Hobbit-Broach, Lost-Fox, and
Summit, all in the northern (Klappan) part of the coalfield
(Fig. 4).

Sporadic mineral exploration in Spatsizi River area since
the early 1900s identified 27 properties in Paleozoic meta-
sedimentary, metavolcanic, and intrusive rocks, and Middle
Triassic to early Middle Jurassic volcanic and sedimentary
rocks. The main types of mineralization discovered are vein
and porphyry-style copper, and associated gold and molybde-
num deposits and limestone bodies. Graduate theses con-
ducted with these programs include those on the Red Chris
deposit (Schink, 1977), and the Rose property (Cooper,
1978).

The recent period of regional geological mapping began
with thematic studies, providing a foundation for this study
(Fig. 5). Sustut Group and bounding strata were studied
throughout the Sustut Basin by G. Eisbacher to provide a
regional framework for the basin (Eisbacher, 1974b). Part of
that study included a reconnaissance subdivision of Bowser

Lake Group into facies in southeastern Spatsizi River map
area and adjoining southwest Toodoggone River map area
(Eisbacher, 1974a). Richards and Gilchrist (1979) divided the
Groundhog Coalfield, part of the Bowser Lake Group, into
facies units. Graduate theses conducted primarily in Cry Lake
area, to the north, but involving northern Spatsizi River area,
include Erdman’s (1978) study of Jurassic volcanic and gra-
nitic rocks, and Anderson’s (1983) study of the Hotailuh
Batholith. Systematic mapping of northern Spatsizi River
map area (Fig. 5) was conducted by H. Gabrielse and
H.W. Tipper from 1979–1983. This resulted in the first
regional geological map to show subdivisions of Bowser
Basin strata (Gabrielse and Tipper, 1984). Associated graduate
thesis work included R. Thomson’s biostratigraphic analysis
of an Early and Middle Jurassic succession (the Spatsizi
Formation) which was shown to be distinguishable from the
dominantly volcanic part of the Hazelton Group (Thomson et
al., 1986; Thomson and Smith, 1992). Detailed mapping in
the northwest corner of Spatsizi River area, in strata underly-
ing Bowser Basin, was carried out by P.B. Read of Geotex
Consultants in the early 1980s (Read, 1984; Read and Psutka,
1990), and by Ash and others (Ash et al., 1997a, b). In the last
major period of exploration of the Groundhog Coalfield, end-
ing in 1988, Gulf Canada Resources Inc. sponsored graduate
theses by I.W. Moffat (1985), H.O. Cookenboo (1989, 1993),
and S.M. MacLeod (1991) through their detailed and regional
exploration program. These studies focused on stratigraphy
and biostratigraphy of part of the northern Groundhog Coalfield,
part of which was named Klappan Coalfield (Koo, 1986);
their contributions will be discussed in the relevant sections
of this report.

In the winter of 1999–2000 seismic reflection data were
acquired along the Highway 37, from Watson Lake, Yukon
Territory to Stewart, British Columbia, under the auspices of
LITHOPROBE, as line 2a of the SNORCLE transect (e.g.
Cook et al., 2001; Evenchick et al., 2001a).

Scope of current geological work

This bulletin presents the results of about 17 person-months
of regional mapping by the authors from 1985 to 1990, as well
as a synthesis of related works listed below, and previous
work. Focus was on stratigraphy and structure of the Bowser
Lake Group (Evenchick) and Jurassic volcanic rocks
(Thorkelson). As part of the project, graduate theses provided
detailed analyses of a large part of the Triassic–Jurassic vol-
canic succession (Thorkelson, 1992; this report) and stratig-
raphy and sedimentology of the most complete section of
Bowser Lake Group in the northern Bowser Basin (Green,
1992). Additional detailed sedimentological analysis was
done by Ricketts (Ricketts, 1990; Ricketts and Evenchick,
1991, 1999). Paleontological studies started before this pro-
ject, and continuing through it, include those of macrofossils
in the Bowser Lake Group by T.P. Poulton (this report), and
palynomorphs in the Sustut Group by A.R. Sweet (this
report). As much paleontological information as feasible is
included herein in discussions of ages of successions, and in
Appendix 1. J.G. Souther mapped the late Tertiary Maitland
Volcanics and provided a summary of descriptions and inter-
pretations for this report.
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(1986), Read and Psutka (1990), Ash et al. (1997a, b), and Thorkelson (1992); see figure b.



Figure 5 shows traverse routes and spot landings which
are the basis for the maps, descriptions, and interpretations of
the current study. The part of Stikinia between Mount Brock
and Griffith Creek (Fig. 5) was studied in detail by Thorkelson
(1992), and mapped at scales ranging from 1:25 000 to
1:50 000. Areas of detailed mapping, conducted from heli-
copter-supported fly camps, are dispersed evenly in the area
south of the region mapped by Gabrielse and Tipper (1984).
Between those areas, helicopter landings were made to estab-
lish contacts of major units. The large-scale structure and
facies of Bowser Lake Group on adjacent ridges could often
be determined visually from areas traversed. In addition,
aerial photographs were used extensively to add detail to
areas which were not traversed. The area of Bowser Lake
Group mapped by Gabrielse and Tipper (1984) was reviewed,
and the field notes and maps of H. Gabrielse and H.W. Tipper
and their assistants were used as much as possible. More than
750 fossil collections from previous and current studies are
incorporated into interpretations and are provided as
Appendix 1 of this report. Many of these are marine macro-
fossils which, combined with the division of the Bowser Lake
Group into lithofacies assemblages, allow interpretation of
the depositional history of the Bowser Basin.

Progress reports include Evenchick (1986, 1987, 1988,
1989), Thorkelson (1988), Evenchick and Green (1990),
Evenchick and Thorkelson (1993), Ricketts (1990), Green
(1991), and Ricketts and Evenchick (1991). Preliminary open
file maps by the authors are superseded by the maps in this
report. Journal articles and compilations which present syn-
theses of some of this material include Evenchick (1991a, b,
1992, 2001), Marsden and Thorkelson (1992), Thorkelson et al.
(1995), and Evenchick et al. (2001b).
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REGIONAL SETTING

Cordilleran overview

The Canadian Cordillera is an orogen composed of numerous
‘suspect’ or ‘accreted’ terranes and deformed miogeoclinal
rocks of Ancestral North America (Fig. 6), that has a complex
magmatic, sedimentological, and tectonic history dating back
to the Precambrian (e.g. Gabrielse and Yorath, 1991). Its
present form as five morphogeological belts (Fig. 6) is largely
a result of Mesozoic terrane accretions (Coney et al., 1980;
Monger et al., 1982) modified by Mesozoic and early Cenozoic
transcurrent faults (Gabrielse, 1985; Avé Lallemant and
Oldow, 1988; Evenchick, 2001), regional horizontal contrac-
tion (e.g. Evenchick, 1991a; Price, 1994; Parrish, 1995, and
references therein), early Cenozoic extensional deformation
(e.g. Parrish et al., 1988; Carr, 1995; Johnson and Brown,
1996), and late Cenozoic subduction, underplating, and uplift
(Clowes et al., 1987). Suspect terranes are defined on the
basis of unique geological histories, manifested by particular
stratigraphic, plutonic, metamorphic, and geophysical char-
acteristics. Some of the terranes spent parts of their histories
at more southerly and perhaps more westerly locations, with
respect to Ancestral North America, as indicated by the pres-
ence of exotic fauna (Monger, 1977; Tozer, 1982; Smith and
Tipper, 1986) and paleomagnetic aberrances (e.g. Irving and
Wynne, 1990). Furthermore, some of the terranes, notably the
Cache Creek, Stikine, Quesnel, Wrangellia and Alexander
terranes, comprise volcanic successions of oceanic and island-
arc affinity, implying the former presence of intervening
subduction zones and oceanic lithosphere.

Stikinia, Bowser Basin, Sustut Basin, and the
Skeena Fold Belt

Spatsizi River map area is underlain by Lower Carboniferous
to Quaternary rocks, and is located in northeast Stikine
Terrane (also called Stikinia; Fig. 6). Extending from south-
central British Columbia to northwestern British Columbia
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and southwest Yukon Territory, Stikinia is the largest of the
suspect terranes (1500 x 300 km) and consists of stratified and
intrusive rocks of zeolite to greenschist metamorphic grades
(Read et al., 1991). The oldest exposed rocks of Stikinia form
a Devonian to Permian complex of moderately metamor-
phosed volcanic and sedimentary strata known as the Stikine
Assemblage (Monger, 1977; Brown et al., 1991; Gunning,
1996). Following a period of deformation termed the
Tahltanian orogeny (Souther, 1971), the Middle to Upper
Triassic Stuhini and Takla groups were deposited on the

Stikine Assemblage (Monger and Church, 1977; Souther,
1977; Dostal et al., 1999). The majority of Triassic strata were
deposited in a submarine environment, probably as part of an
island arc (Souther, 1977, 1991; Dostal et al., 1999). The
Early to early Middle Jurassic Hazelton Group overlies the
Stuhini Group conformably and unconformably. In contrast
with the Stuhini Group, the Hazelton Group volcanic rocks
were deposited in subaerial as well as submarine environ-
ments, and display a wide range of chemical composition
(basalt to rhyolite) and deposit types (lava and volcaniclastic
rocks). The Hazelton Group was the last succession deposited
on Stikinia prior to amalgamation of Stikinia with the Cache
Creek and other, more inboard, terranes. Physical and geo-
chemical characteristics of parts of the Hazelton Group indi-
cate a subduction-related origin (Tipper and Richards, 1976;
Brown, 1987; Mihalynuk, 1987; Alldrick, 1991; Souther,
1991; Thorkelson, 1992), although in western Stikinia the
upper Hazelton Group has a geochemical signature more typ-
ical of mid-ocean-ridge environments (e.g. Macdonald et al.,
1996; Barrett and Sherlock, 1996).

Prior to the Middle Jurassic, Stikinia consisted of, or was
part of, an oceanic microplate that had evolved separately, for
at least part of its history, from the Cache Creek Terrane and
Quesnellia, and terranes to the west (Monger et al., 1982).
The paleogeographic position of Stikinia prior to the Middle
Jurassic is unclear. Paleontological studies suggest that, rela-
tive to North America, Stikinia is now more northerly than it
was in the Early Jurassic (Smith and Tipper, 1986), whereas
paleomagnetic studies suggest that Stikinia was at approxi-
mately the same latitude in the Jurassic, but hundreds to thou-
sands of kilometres to the south in the mid-Cretaceous (Irving
and Wynne, 1990; Butler et al., 2001).

In the early Middle Jurassic, coeval with the end of
magmatism, Stikinia began to amalgamate with Cache Creek
Terrane, Quesnellia, and the western margin of Ancestral
North America. This was accomplished in part by closure of
the northern ocean between Stikinia and Quesnellia (Cache
Creek Ocean), which ultimately resulted in obduction of the
oceanic Cache Creek rocks onto Stikinia. The contact
between the two terranes is now a north- to northeast-dipping
thrust fault (King Salmon Fault, Fig. 7), with Cache Creek
Terrane in the hanging wall and Stikinia in the footwall. With
continued contraction and uplift, subaerial erosion of Cache
Creek rocks began to shed a huge volume of chert-rich detri-
tus southwesterly and westerly to the Bowser Basin, which
developed entirely on Stikinia (Fig. 6, 7) through the late
Middle Jurassic, Late Jurassic, and into the Early Cretaceous.
This eastern source of detritus produced a westerly
prograding and interfingering complex of marine and
nonmarine clastic sedimentary facies known as the Bowser
Lake Group (Tipper and Richards, 1976; Evenchick, 2000;
Fig. 8a). It was derived from Cache Creek Terrane and
deposited on Stikinia, and thus defines a sedimentary link
between the two terranes.

Stikinia and the Bowser Basin were subsequently trans-
ported coastwise hundreds or thousands of kilometres, and
shortened horizontally by at least 160 km (Evenchick, 1991b)
coeval with widespread magmatism in belts to the east and
west (e.g. Armstrong, 1988), and accretion of more outboard
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terranes. Major Cordilleran structures that formed in the Late
Jurassic and Cretaceous are the Rocky Mountain Fold and
Thrust Belt and related Foreland Basin (e.g. Price, 1994), dextral
transcurrent faults between the Foreland Belt and the Coast Belt
(e.g. Gabrielse, 1985), the Skeena Fold Belt (Evenchick, 1991a,
2001), and contraction, magmatism and transcurrent faults in the
Coast Belt (e.g. M.L. Crawford et al., 1987; Monger and
Journeay, 1994; Umhoeffer and Schiarizza, 1996; Andronicos
et al., 1999). During mid- and Late Cretaceous Cordillera-wide
contraction the Sustut Group formed in a nonmarine basin
(Sustut Basin) on the east side of the Skeena Fold Belt, on north-
ern Stikinia (Fig. 7, 8b). This succession was subsequently
involved in Skeena Fold Belt deformation, which lasted into at
least latest Cretaceous time. A slightly older marine and
nonmarine unit, the Skeena Group, formed south of, or overlap-
ping, the Bowser Basin (Fig. 7), and was also affected by the fold
belt. After the Middle Eocene, the Intermontane Belt collage
underwent little deformation, although some areas were affected
by Oligocene to Quaternary magmatism and extension (Bevier
et al., 1979; Evenchick et al., 1999; Edwards and Russell, 1999).

The sense of convergence on the Cordilleran margin was
probably sinistral from the Late Jurassic to mid-Cretaceous
(Engebretson et al., 1985; Avé Lallemant and Oldow, 1988;
Kelley, 1993; Evenchick, 2001), and dextral from mid-
Cretaceous to the present (Gabrielse, 1985; Engebretson et
al., 1985; Irving and Wynne, 1990; Irving et al., 1996). The
extent to which these relative motions displaced Stikinia is
unclear.

The broad geological setting of the successions discussed
in this report are illustrated in Figure 8. They include Stikine
Assemblage, Devonian to Permian volcanic-arc successions
that are the oldest known strata of Stikinia; the Triassic to
early Middle Jurassic Stuhini and Hazelton groups, which are
voluminous and widespread volcanic-arc successions built
on Stikinia prior to terrane accretion; the Middle Jurassic to
Cretaceous Bowser Lake Group, which is a largely amag-
matic clastic succession that was deposited on Stikinia during
and following amalgamation of Stikinia to terranes to the
east; the mid- to Late Cretaceous Sustut Group, which is a
nonmarine, synorogenic clastic succession derived from
evolving contractional belts to the east (Omineca Belt) and
west (Skeena Fold Belt); and the late Tertiary Maitland
Volcanics, which belong to a widespread set of intraplate vol-
canic successions locally focused by crustal extension. The
major structural feature is the Skeena Fold Belt, whose east-
ern limit is in the Sustut Group in northeast Spatsizi River
area.

STRATIGRAPHY
Stratified bedrock in Spatsizi River map area ranges in age from
Paleozoic to late Tertiary. The tectonic history is expressed in
the four major divisions of stratigraphy. In the oldest, Paleozoic
volcanic and carbonate strata representative of Paleozoic volca-
nic arc and reef development are overlain by Triassic to Early
Jurassic volcanic and volcaniclastic strata representative of sub-
sequent widespread volcanic-arc complexes. These strata are
the Paleozoic Stikine Assemblage, Triassic Stuhini Group, and
Jurassic Hazelton Group, respectively, and constitute Stikinia

(Fig. 8a; Table 1). Stikinia is overlain by Middle Jurassic to
mid-Cretaceous marine and nonmarine clastic rocks of the
Bowser Lake Group. They represent successive filling of a
clastic marine basin from the northeast and east in a largely
amagmatic environment. The third major division is the mid-
and Late Cretaceous Sustut Group, which formed in a
nonmarine clastic basin (Sustut Basin) with sources in the
northeast and southwest. The youngest major stratified unit is
the Pliocene Maitland Volcanics.

Most of the groups and formations have been previously
defined using lithostratigraphic nomenclature following the
North American Stratigraphic Code (1983) (Table 1). New
terminology and revisions to existing terminology are applied
to the Hazelton Group. The Bowser Lake Group is not amen-
able to formal lithostratigraphic definition at the present level
of knowledge because of the combination of facies changes,
complex structure, and the lack of short-ranging fossils. For
this reason most subdivisions of the Bowser Lake Group are
assigned to lithofacies assemblages (Table 1); this report
presents the first subdivision of Bowser Lake Group across
Spatsizi River map area. Terminology of the Sustut Group
follows that of Eisbacher (1974b). Maitland Volcanics is a
term that was previously used informally, and is suggested
herein as a formal name.

Ages for stratified units are constrained by fossils
(Appendix 1) and locally by radiometric age determinations
(Table 2). Ages of most of the major intrusive units were
determined by radiometric dating methods (Table 2), and are
also constrained by crosscutting relationships with stratified
units.

Paleozoic

Stikine Assemblage (units l4vs, >v, 7?m, 7?c)

Paleozoic and assumed Paleozoic strata, including intrusive
units described later (units >g, E4gd), are limited to the
northwest corner of the map area and one small outcrop in the
Spatsizi River valley. They have been described by Read and
Psutka (1990) as cleaved and deformed greenstone, lime-
stone, other sedimentary rocks, and mafic to felsic plutonic
rocks. Penetrative cleavage and greenschist-facies metamor-
phism distinguish them from younger rocks. Read (1984) and
Read and Psutka (1990) divided Paleozoic and presumed
Paleozoic rocks into three stratified units (Pv, Pp, Pc) and one
granitoid unit (Pg). The two major units: 1) green-, grey-, and
maroon-weathering phyllite and rare chert (barren of
microfossils) and limestone, mapped as unit Pp by Read
(1984), and 2) green aphanitic to plagioclase or augite-phyric
metavolcanic rocks mapped as unit Pv by Read and Psutka
(1990), are grouped as one unit, >v, on Map 2040A. On
Zechtoo Mountain and southwest of Thatue Mountain, a unit
of metavolcanic and metasedimentary rock (unit l4vs) with
felsic metavolcanic rocks dated at ca. 342 Ma is intruded by
an early Mississippian granitic pluton (unit E4gd; Ash et al.
(1997b); Table 2). Rocks present are green chloritic phyllite,
brown phyllitic argillite, and grey-green to tan quartz-sericite
schist. The extent of Mississippian rocks is unknown, and
unit >v probably includes some unit l4vs. In the present
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study unit >v was examined on Thatue Mountain, where all
rock types are present. In most places it is too fine grained and
deformed to recognize primary features, but in less deformed
areas, angular fragments of fine-grained volcanic rocks indi-
cate a volcanic protolith. Volcaniclastic rocks, marble, green
feldspar porphyry, and siliceous phyllite are also present.

A unit of grey to white limestone (unit 7?c) a few hun-
dred metres thick on Tsaybahe Mountain is Carboniferous to
Permian; many other undated limestone lenses are assumed

to be Paleozoic (Read and Psutka, 1990). Along the Stikine
River, unit 7?c is white- to buff-weathering, finely recrystal-
lized, and intensely deformed. In places it includes thin layers
of psammite, and calcite veins which crosscut layering and
are also folded. Coarse white marble (unit 7?m) forms an
outcrop about 0.5 km by 1 km in the Spatsizi River valley. It
was considered to be Paleozoic by Gabrielse and Tipper
(1984). In the present study one crinoid columnal was found,
but samples were barren of microfossils. Permian limestone
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Quaternary

Tertiary

Cretaceous

Jurassic

Triassic
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Devonian

Upper
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Holocene
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Pliocene

Maastrichtian
Campanian
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Coniacian
Turonian
Cenomanian

Albian
Aptian
Barremian
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Valanginian
Berriasian

Sustut
Group

Bowser
Lake
Group

Hazelton
Group

Stuhini
Group

Stikine
assemb-
lage

Maitland
Volcanics

Brothers Peak
Formation

Tango Creek
Formation

Numerical time scale is from Harland et al. (1990).

=Jc
Conglomerate

Quock mb.

Abou mb.
Melisson member
Wolf Den member
Joan member

Spatsizi Formation

97

65.0

145.6

157.1

178

208

245

5.2

1.64

System Series Stage
Age
(Ma) Group Formation or unit, rock type, and thickness (m)

Volcanic flows and necks

Sandstone, siltstone, conglomerate,
tuff

Sandstone, siltstone, mudstone,
conglomerate

Conglomerate,
sandstone, siltstone,
coal (>1000)

Sandstone,
siltstone
(>2500)

Sandstone,
conglomerate,
siltstone, mudstone,
coal  (>1500)

(<761)

(>4000)

(>2000)

(>2000)

Sandstone,
siltstone,
mudstone,
(300 1500)≥

Siltstone,
sandstone,
conglomerate
(>3000)

Siltstone, sandstone,
mudstone  (>1000)

m<Bs m<Bv,

Todagin
assemblage

Devils Claw
Formation

Jenkins Creek
assemblage

Ritchie-
Alger
assemblage

Muskaboo Ck
assemblage

deltaic assemblages:
Eaglenest,
Skelhorne,
Groundhog-Gunanoot

/
.b

Glacial till, alluvium, colluvium;
Basaltic intrusion, pillow basalt (one occurrence of each)
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Pliensbachian
Sinemurian
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olcanic  and sedimentary rocks
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l4vs
?v

White marble;

White and grey limestone;

metasedimentary;

Phyllitic greenstone, phyllite, chert, limestone

u= =Sv, u Ss V

Metavolcanic and

Table 1. Table of formations for Spatsizi River map area.
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is also present as clasts in Triassic to Jurassic conglomerate
(unit =<c), as indicated by conodonts extracted from the
clasts (Appendix 1; Read and Psutka (1990)).

Paleozoic rocks are intruded by Mississippian, Triassic,
and Jurassic plutonic rocks, and are in fault contact with
younger rocks. Southeast of Zechtoo Mountain, foliated
strata of unit l4vs are cut by the Zechtoo Mountain pluton,
which has an U-Pb (zircon) age of ca. 353–342 Ma (Ash et al.
(1997b); Table 2). This date restricts the age of local foliated
strata to early Mississippian or older. The only demonstrated
stratigraphic contact of Paleozoic rocks with younger strata is
on Tsaybahe Mountain, where unit >v is overlain by Middle
Triassic green to grey phyllite and argillite (Read, 1984).

The greater degree of deformation in Paleozoic rocks is
presumably a result of tectonism during the Tahltanian Orogeny
(Souther, 1971) in the Middle Triassic. Regional deformation
in latest Triassic to earliest Jurassic time, exhibited in part by
Triassic–Jurassic conglomerate with Permian clasts, may
also have contributed to fabric development. Rocks of this
Paleozoic unit are correlative with the Stikine Assemblage of
Monger (1977), Brown et al. (1991), and Gunning (1996).

Mesozoic

Most Mesozoic strata in Spatsizi River map area are late
Middle Jurassic to Early Cretaceous marine and nonmarine
clastic rocks of the Bowser Lake Group, and nonmarine
clastic rocks of the Late Cretaceous Sustut Group. Under-
lying the clastic successions are Triassic to early Middle
Jurassic volcanic and clastic rocks of Stikinia that have been
mapped in greater detail. Mapping at 1:125 000 scale, and
locally 1:50 000 scale, was undertaken in the 1980s (Read,
1984; Read and Psutka, 1990), but little was written on the
stratigraphy, petrology, geochemistry, or geochronology of
the successions. This regional study was followed by a com-
prehensive analysis of the area between Mount Brock and
Griffith Creek (Thorkelson, 1992; this report). This region is
described in detail below, and for ease of reference has been
divided into several informal geographical districts (Fig. 9).
Field mapping in all of the districts by Thorkelson is the basis
for the stratigraphic and structural detail of the volcanic suc-
cessions, with contributions from Evenchick in the central
and southern parts of the volcanic belt. The most recent stud-
ies of Triassic to Early Jurassic strata focused on the region
west of Klappan River and south of Pitman Fault (Ash et al.,
1997a, b). These built on detailed studies by Schink (1977)
and Cooper (1978).
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Triassic

Stuhini Group (units u=Sv, u=Ss, lm=S)

Stuhini Group volcanic and sedimentary rocks (units u=Ss,
u=Sv, lm=S) are restricted to the northeast and northwest cor-
ners of the map, within the Brock, Knife Edge, Cartmel, and
Griffith districts (Fig. 9, 10). The volcanic rocks consist of
greenish-grey, aphyric to porphyritic mafic lava flows and
related breccia and olistostrome. The most conspicuous pheno-
cryst phase is augite (2–15 mm). Plagioclase and serpentinized
olivine are also common, however, and biotite is less common.
The sedimentary rocks include shale, sandstone, conglomer-
ate, and limestone. Read and Psutka (1990) informally defined
a succession dominated by coarse augite-phyric mafic lavas
and breccia on Tsaybahe Mountain (Fig. 10) as the “Tsaybahe
group.” In this group, a “basal sedimentary unit” is overlain by
“lower volcanic unit”, a “middle sedimentary unit”, and an
“upper volcanic unit”. Read and Psutka (1990) believed that
the green augite porphyry and abundance of volcanic rocks in

the “Tsaybahe group” distinguish it from the Stuhini Group,
and assumed that the Stuhini Group is characterized regionally
by sedimentary rocks with or without intercalations of aphani-
tic or sparsely porphyritic andesite. Although it may have these
traits in parts of Spatsizi River area, Stuhini Group elsewhere
commonly includes successions of augite-phyric or coarse
bladed, plagioclase-phyric mafic flows (e.g. Souther, 1977;
Monger and Church, 1977; Gabrielse, 1998). Therefore, in a
more regional context, the “Tsaybahe group” cannot be sepa-
rated from Stuhini Group based on either the presence of augite
phenocrysts or the proportion of sedimentary rock. The present
authors concur with Gabrielse (1998) that the Tsaybahe unit
could eventually be recognized as a formation of a Stuhini
Group that includes all Triassic volcanic and clastic sedimen-
tary rocks in Stikinia. In Spatsizi River area most strata
mapped as Stuhini Group contain Late Triassic (Norian) fos-
sils. On Tsaybahe Mountain, however, the “Tsaybahe group”
of Read and Psutka (1990), Stuhini Group of this report, hosts
Early and Middle Triassic fossils.
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In the Knife Edge district (Fig. 9, 10, Table 3), lava flows
are typically 5–10 m thick, and are intercalated with beds of
feldspathic and augitic wacke, and siltstone. Rare beds of
limestone yielded late Norian conodonts (Read and Psutka,
1990). Locally, the lava flows grade into, or are interbedded
with, coarse volcanic breccia and olistostrome. In these
deposits, the volcanic clasts tend to be more porphyritic
(coarsely augite-phyric) than the massive flows. Siltstone is
typically laminated, and varies from thinly bedded turbidite
units to thick, massive, convoluted beds that form the matrix
of olistostrome. Locally abundant felsic sills of unknown age
(probably Late Triassic or Early Jurassic) have intruded the
succession. In the western Knife Edge district, limestone
clasts from olistostrome within a section dominated by lava
and siltstone yielded Early Permian (Artinskian) conodonts
(Appendix 1).

Near the centre of the Knife Edge district, thinly bedded
(5–10 cm) siltstone turbidite sequences hosting the late
Norian bivalve Monotis sp. (Appendix 1) coarsen and thicken
upsection, over a 20 m interval, to sandstone beds 0.5–1.5 m
thick. The sandstone, which hosts fossilized fragments of
wood, is abruptly overlain by sedimentary mélange and con-
glomerate (unit =<c) which contains clasts of volcanic rock,
limestone, and chert. Read and Psutka (1990) included these
and other conglomeratic rocks in the Stuhini Group; how-
ever, in this area and elsewhere, the conglomerate units form
thick distinctive successions which may be, in part, Early
Jurassic, and younger than the accepted age of the Stuhini
Group. Triassic–Jurassic conglomerate is discussed below.

Rocks similar to those in the Knife Edge area are exposed
in the Griffith district (Table 3). There, greenish-grey lava
flows (5–10 m thick), with rare, maroon flow-top breccia, are
also interbedded with laminated siltstone and marble- and
limestone-bearing olistostrome. Similar strata about 1 km
east of the Griffith Fault contain Late Triassic fossils
(Appendix 1). A bed of micritic limestone, which exists on
both sides of the Griffith Fault, was sampled for conodonts,

but yielded no specimens. Sills and dykes of hornblende-
orthoclase-plagioclase dacite were emplaced within the
Stuhini succession in the Griffith district. The orthoclase
grains (0.1–2 cm) are trachytically (flow) aligned oikocrysts
that enclose smaller grains of hornblende, plagioclase, and
orthoclase. These intrusions bear a striking resemblance to
the Texas Creek (“Premier porphyry”) intrusions of the Iskut
River region, 200 km to the southwest, which have been infer-
red to be genetically associated with gold mineralization
(Brown, 1987).

Augite-phyric basalt from the Knife Edge and Griffith
districts typically contains phenocrysts of augite and
serpentinized olivine, and minor amounts of plagioclase and
magnetite. Biotite, commonly pseudomorphed by opaque
oxides (possibly magnetite), is present in some of the augite-
phyric samples. The augite grains (2–8 mm) are optically
zoned and poikilitic, enclosing microcrystalline inclusions
and chadacrysts of serpentinized olivine and saussuritized
plagioclase. The microcrystalline inclusions probably repre-
sent trapped blebs of melt which have undergone magmatic
crystallization and/or devitrification. Plagioclase is typically
lath-like, and variably altered (most strongly in cores) to seri-
cite, calcite, and epidote-group minerals. Biotite is usually
altered to opaque oxide minerals, but in some samples is com-
pletely fresh. Less porphyritic samples contain a similar
phenocryst assemblage. Stuhini Group strata in the Griffith
district are overlain, in angular unconformity, by Bowser
Lake Group.

On Tsaybahe Mountain, the “basal unit” of Read and
Psutka’s (1990) “Tsaybahe group” unconformably overlies
Carboniferous (and possibly older) rocks, and includes Middle
Triassic fossils. The “basal unit” consists of grey to green
phyllite and argillite, and rare chert. It is overlain by porphy-
ritic metabasalt and meta-andesite breccia, tuff, and flows of
Read and Psutka’s (1990) “lower volcanic unit”, which occu-
pies most of the Tsaybahe Mountain region. The “lower vol-
canic unit” includes sparse lenses of grey phyllite and chert of
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Bathonian

Aalenian

Upper

Upper

Upper

Upper

Lower

Lower

Lower

Lower
Middle

Pliensbachian

Sinemurian

Toarcian

Norian
Carnian

Hettangian

BajocianMiddle
Jurassic

Lower
Jurassic

Upper
Triassic

Stage (Ma) Age
Det

Age
Det

Age
Det

Age
Det

Brock, Knife Edge,
Cartmel districts

Ice Box,
Nation districts

Griffith
district

Joan, Plateau,
Will districts

166.1

173.5
178

187

194.5

203.5

208

235.0

conglomerate
Stuhini Group
volc. and sed. rocks

Mount Brock
volcanics
Hazelton sed. rocks

Griffith Creek volcs Griffith Ck. volcs.

Hazelton sed. rocks
Cold Fish Volcs Cold Fish Volcs

Bowser Lake Group Bowser Lake Group Bowser Lake Group

Spatsizi Formation

Spatsizi
Formation
(undivided)

Spatsizi Formation
?volcanics seds

congl.

F

F

F
F

F

F

F

F

l

F

F
F,l F,l

F,f

F
F

F

Bowser Lake Group

Stuhini Group
volc. and sed. rocks

Age

Table 3. Upper Triassic to Middle Jurassic units by district. Age Det columns indicate methods and stratigraphic
levels of age determinations, where F = macrofauna (molluscs), f = microfauna (conodonts), and I = isotopic dates
(U-Pb, zircon). Age of the lowest Bowser Lake Group is assumed to be Bathonian in all districts, and age of the
Stuhini Group is assumed to be Carnian. Diagram uses the time scale of Harland et al. (1990).  sed. = Sedimentary;
volc. = volcanic; seds = sedimentary rocks; Volcs, volcs = volcanics; congl. = conglomerate.



the “middle sedimentary unit”, which contain Early and Middle
Triassic conodonts (Read and Psutka, 1990). No “upper vol-
canic unit” was found on Tsaybahe Mountain.

Stuhini Group underlies most of the poorly exposed region
south of Ealue Lake (Fig. 10; Map 2028A). Augite porphyry
flows, breccia, and tuff on the southeast shores of Ealue Lake
are correlated by Read and Psutka (1990) with the “Tsaybahe
group” based on the presence of augite phenocrysts, and the
composition of underlying sedimentary rocks. West of
Todagin Mountain are laminated to massive volcaniclastic
rocks, breccia, green feldspar porphyry, aphanitic volcanic
rocks with plagioclase and (?)augite phenocrysts, and amygda-
loidal basalt. Lavas are augite-phyric, and samples from about
4 km northwest of Todagin Mountain contain large augite
oikocrysts and altered biotite phenocrysts, similar to Stuhini
Group lavas of the Knife Edge and Griffith districts. Northeast
of Todagin Mountain (Fig. 10) is a succession of arkosic wacke
interbedded with black siltstone, overlain by mafic to interme-
diate flows, tuff, breccia, and minor volcaniclastic rocks
(Schink, 1977). The mafic flows include augite basalt.
Pyroclastic rocks of intermediate composition are locally inter-
bedded with basalt, and in places have lapilli of hornblende
feldspar porphyry which resemble hornblende monzonite of
the Red Stock (Schink, 1977). This similarity is the basis for
Schink’s (1977) interpretation that the volcanic rocks and
stock are genetically related. A U-Pb age on the stock of 203.8
± 1.3 Ma (Friedman and Ash, 1997) indicates that it is Early
Jurassic by the Harland et al. (1990) time scale, but latest
Triassic by the Pálfy et al. (2000) time scale. The volcanic
rocks are overlain by feldspathic greywacke with intercala-
tions of augite-phyric basalt, and by laminated felsic flows, tuff
breccia, and volcaniclastic rocks. This sequence was inter-
preted as a small volcanic centre informally called the
Red-Chris volcanic complex (Schink, 1977). The complex was
considered to be Late Triassic because of the similarity of the
volcanic strata with rocks 10 km to the northeast which contain
late Norian fossils (reported by Cooper (1978)), and because
the Red Stock, inferred to be comagmatic with the volcanic
rocks, yielded Late Triassic K-Ar dates. Although the new
U-Pb date shows the Red Stock to be younger than the K-Ar
dates, Schink’s (1977) observation of intrusive contacts
between the stratified rocks and the Red Stock remains an
argument for a Late Triassic or older age for the stratified
rocks. Ash et al. (1997b) concurred, and correlated these strata
with a similar succession about 20 km west of Todagin Moun-
tain (in Telegraph Creek map area), where radiolaria are
(?)Middle to Late Triassic.

Remaining Stuhini Group in northwest Spatsizi River is in
scattered and thin sections. North of Ealue Lake P.B. Read
(unpub. data, 1984) mapped a belt of limestone and conglom-
erate 200 m wide. The presence of Upper Triassic micro-
fossils in the matrix of the conglomerate indicates that this
region, of primarily Hazelton Group, includes fault slivers of
Stuhini Group. Clasts in the conglomerate are Permian.

Stuhini Group nonconformably overlies the Late Triassic
Railway Pluton west of the Mount Brock district (Read and
Psutka, 1990). About 100 m of granite-pebble conglomerate

overlying the pluton includes thin Upper Triassic (Early to
Middle Norian) lenses of limestone (Read and Psutka, 1990).
Small outcrops of Stuhini Group also occur to the southeast,
near Mount Cartmel (Fig. 10).

Scattered outcrops of Stuhini Group in northeast Spatsizi
River area (Gabrielse and Tipper, 1984) are most commonly
sheared or massive augite porphyry, feldspar porphyry,
greenstone, breccia, and tuff. Small outcrops of massive green
aphyric volcanic rock and green (?)augite and feldspar por-
phyry in the Stikine River valley, northwest of the mouth of the
Spatsizi River, are probably Stuhini Group (Evenchick, 1989).

Environment of deposition of Stuhini Group

Volcanic and sedimentary rocks of the Stuhini Group in the
Spatsizi River area were deposited in a predominantly sub-
marine environment, as indicated by the presence of marine
fossils, turbidite sequences, and olistostrome. The lavas are
mainly greenish grey and host olivine which has been altered
to serpentine; only rarely do they show features of post-
eruptive oxidation associated with subaerial deposition, such
as reddish flow margins, and iddingsitized olivine. No
intertidal or fluvial sedimentary structures have been
observed in the sedimentary rocks; however, the presence of
fossilized wood in sandstone turbidite implies that parts of
Stikinia  were  emergent  during  deposition  of  the  Stuhini
Group.

Triassic to Jurassic

Triassic–Jurassic conglomerate (unit =<c)

Conglomeratic and olistostromal deposits that are not clearly
related to Stuhini or Hazelton group strata are mapped as unit
=<c. This unit outcrops in the Brock, Knife Edge, Ice Box,
and Griffith districts, and near Todagin Mountain (Table 3,
Fig. 10). In the central Knife Edge district, the conglomeratic
unit abruptly overlies upper Norian Stuhini Group turbidite
sequences (Thorkelson, 1988). The succession begins with a
coarse, matrix-supported sedimentary mélange containing
granule-size chert clasts and cobble- to boulder-size clasts of
marble and limestone. The occurrence of late Norian cono-
donts (Appendix 1) in a large (5 m) limestone clast indicates
that at least some of the carbonate blocks were derived by ero-
sion of the Stuhini Group. Other limestone clasts may be
Early Permian, such as those found in olistostrome of the
Stuhini Group, and elsewhere in unit =<c. Overlying the
mélange to the north is a succession of conglomerate, sand-
stone, and minor shale and mafic lava. Whether the mafic
lava, which is augite- and plagioclase-phyric, is correlative
with lava in the Stuhini Group, or is part of the Hazelton
Group is uncertain. The conglomerate, which varies from
clast- to matrix-supported, is largely composed of subangular
to subrounded pebbles and cobbles of hornblende-
plagioclase andesite, and forms massive, poorly stratified
sections. The matrix of the conglomerate is hornblende and
plagioclase wacke, which is difficult to distinguish from the
volcanic clasts. In other parts of the Knife Edge district, the
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conglomerate hosts blocks of marble which have yielded
Artinskian (Early Permian) conodonts (Read and Psutka (1990);
Appendix 1). A thick succession of Stuhini Group lava, siltstone,
and sandstone on the western end of the Knife Edge district may
overlie the conglomerate, although field relations are uncertain.

In one area of the Griffith district, unit =<c overlies the
Stuhini Group (Thorkelson, 1988). Micritic limestone, and
shale and sandstone at the top of the Stuhini Group are abruptly
to gradationally overlain to the northeast by coarse,
crossbedded sandstone and conglomerate. The conglomerate
is dominated by clasts of volcanic rocks, particularly
hornblende-plagioclase andesite, but is locally rich in marble,
limestone, and chert (and in other areas, granitic rocks;
Fig. 11). Clasts of crinoidal limestone yielded Early Permian,
probably Sakmarian conodonts; clasts of reddish-grey
marble yielded Permian conodonts; and clasts of grey, micritic
limestone with pelecypod fragments yielded Carnian cono-
donts (Appendix 1). The chert fragments are red, green, light
blue, white, and black, and typically angular to subangular.
Several chert clasts examined by F. Cordey were barren of
radiolaria. Many of the volcanic clasts weather recessively.
The conglomerate has been intruded by mafic dykes, and by
sills which locally have thickened the succession by as much as
30%. Some of the intrusions contain phenocrysts of augite,
biotite, and plagioclase, an assemblage which matches that of
some Stuhini Group lava flows. If these sills and dykes are
comagmatic with the Stuhini Group, then the conglomerate in
this area is probably Norian. Abruptly overlying the conglom-
erate, perhaps disconformably, are welded ignimbrite and
mafic lavas of the Griffith Creek volcanics (unit <HGm).

Elsewhere in the Griffith district, field relations of unit
=<c are poorly understood, and some of the conglomeratic
deposits may be interbedded with strata of the Stuhini Group.
Contributing to the uncertainty in stratigraphic relationship of
conglomerate to Stuhini Group in this area is a lack of under-
standing of the main geological structures.

In the Ice Box district (Fig. 9, 10), a succession of unit =<c
is faulted against the Sustut Group and the Cold Fish
Volcanics (cross-section B-D, see Fig. 171). The succession
forms a 2 km thick homoclinal panel of maroon to grey con-
glomerate and debris flows. The most abundant clast type in
the conglomeratic rocks is hornblende-plagioclase andesite.
In the maroon debris flows, which may be synvolcanic laharic
deposits, the clasts are angular and supported by a matrix of
hornblende-plagioclase wacke. The succession may be
directly overlain by the Sustut Group.

Conglomerate of unit =<c also occurs north and north-
west of Todagin Mountain (Fig. 9). One well exposed succes-
sion  3–4  km  northwest  of  Todagin  Mountain  comprises
coarse sediment gravity flows containing abundant clasts of
hornblende-plagioclase andesite. The debris flows vary from
1–4 m thick, are generally supported by a dark brown, sandy
matrix, and host subrounded to subangular, resistant clasts up
to 20 cm in diameter (Fig. 12). In another locality, clasts of
hornblende-plagioclase andesite up to 30 cm across weather
recessively, and are difficult to distinguish from matrix.

The conglomeratic successions were not previously rec-
ognized as a distinct geological unit. Instead, they were
included in either the Stuhini or Hazelton groups by Read and
Psutka (1990) and Gabrielse and Tipper (1984). For example,
conglomerate in the western Brock district, was assigned to
the Stuhini Group by Read and Psutka (1990), apparently on
the basis of Norian limestone within this conglomeratic unit;
their assignment has been followed in this report. Further
studies may indeed demonstrate that some of the conglomeratic
deposits that constitute unit =<c are part of the Stuhini or
Hazelton group; however, much of the unit is lithologically
distinctive, mappable over a broad area, and not obviously
correlative with either group.
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Figure 11. Chert- and limestone-bearing conglomerate of
unit =<c, in the Griffith district. Hammer is 33.3 cm long.
Photograph by D.J. Thorkelson. GSC 2003-306

Figure 12. Purplish-brown debris-flow deposits of Triassic–
Jurassic conglomerate, 3 km northwest of Todagin Mountain.
Hammer is 33.3 cm long. Photograph by D.J. Thorkelson.
GSC 2003-307



Especially distinctive are the massive conglomerate beds
and sediment gravity flows hosting clasts of predominantly
hornblende-plagioclase andesite. Some of the deposits are
maroon, and may be lahars derived from nearby andesitic edi-
fices. Other aspects of unit =<c, such as the incorporation of
Permian detritus, and the apparent age equivalence of some of
the conglomeratic deposits to rocks of the Stuhini Group
require other explanations. Deposition of the Permian clasts
seems to require uplift and exhumation of older crust, perhaps
related to regional faulting (cf. Tipper and Richards, 1976;
Marsden and Thorkelson, 1992). Some of the conglomeratic
strata may be genetically related to extensive conglomerate
successions of the Takwahoni Formation in the Cry Lake,
Telegraph Creek, and adjacent areas of northern British
Columbia. More work is needed to clarify the ages, strati-
graphic positions, and origins of the various deposits of unit
=<c.

Jurassic

Hazelton Group

Regional characteristics of the Hazelton Group. Lower and
lower Middle Jurassic volcanic and sedimentary rocks are
exposed throughout much of Stikinia (Fig. 7). The rocks are
diverse, ranging from lava and tuff to limestone and shale. In
the Smithers, Hazelton, and McConnell Creek areas of
north-central British Columbia, Tipper and Richards (1976)
adopted the terminology of Leach (1910) and applied the
term Hazelton Group to a succession of lower Sinemurian to
Callovian volcanic and sedimentary rocks. Subsequently, the
term Hazelton Group has been applied to volcano-sedimen-
tary strata from other regions of central and southern Stikinia
(e.g. Diakow and Koyanagi, 1988; Brown et al., 1990; Anderson,
1993). Using the findings of Marsden and Thorkelson (1992) the
Hazelton Group is herein regarded as all Lower to Middle
Jurassic volcanic and related sedimentary rocks on Stikinia.
One exception is Bajocian volcanic rock intercalated with
Bowser Lake Group in southeast Cry Lake area (Gabrielse,
1991, 1998), and north Spatsizi River area (Read and Psutka,
1990). This belt of volcanic rocks intercalated with chert- and
limestone-bearing clastic rocks is regarded as Bowser Lake
Group because the section is dominated by rocks more char-
acteristic of the Bowser Lake Group than the Hazelton Group.
Other exceptions are the Takwahoni and Laberge groups of
northern British Columbia and Yukon Territory. These
groups are predominantly sedimentary, but host minor vol-
umes of volcanic rocks such as the Nordenskiold dacite
(Wheeler, 1961; Tempelman-Kluit, 1978; Hart, 1997;
Johannson et al., 1997). Despite their present exclusion from
the Hazelton Group, the volcanic rocks in these successions
may have been erupted in the same general tectonomagmatic
environment as those belonging to the Hazelton Group sensu
stricto.

The Hazelton Group comprises a wide variety of rock
types, making characterization based on a simple lithological
description difficult. As such, one of the features common to
the group as a whole is diversity. In many successions, the
Hazelton Group includes felsic to mafic lava, breccia, tuff,
limestone, and epiclastic rocks ranging from conglomerate to

shale. Many of the volcanic rocks show subaerial indicators
such as maroon colour and welded pyroclasts. Other charac-
teristics general to the group are low metamorphic grade, typ-
ically of zeolite to prehnite-pumpellyite facies (Tipper and
Richards, 1976; Mihalynuk, 1987; Read et al., 1991; Marsden,
1990; this report), and the absence of cleavage or foliation.
The Triassic Stuhini and “western Takla” groups, however,
also show mixed volcanic and sedimentary character, and are
locally not more deformed or metamorphosed than the
Hazelton Group (Anderson, 1993). Younger sedimentary
strata may also resemble clastic sequences of the Hazelton
Group.

Although lithological features are essential discriminants,
a principal criterion that has been used to determine whether a
given succession belongs to the Hazelton Group is an age of
Early to Middle Jurassic. Discriminating on the basis of age
rather than lithological character is not the most appealing
method of defining stratigraphic nomenclature, especially for
the field geologist. Nevertheless, age provides a common ele-
ment among diverse successions whose lack of lateral conti-
nuity may preclude correlation based on stratigraphic or
petrological similarity.

Several formations are recognized within the Hazelton
Group regionally, each typically comprising a laterally and
vertically restricted, and lithologically distinctive sequence.
Some of the formations have been subdivided into members
or facies. Ages are based on isotopic dating and fossil deter-
minations, but prior to this report, rarely have both methods
been applied to a single succession. Where dating is precise,
ages are known to a part of a stage (for example, lower
Sinemurian), or within a few million years; however, the ages
of most of the volcanic piles are not as well constrained, and
the uncertainties in age are likely to be considerably larger
than the durations of volcanism in many of the formations.
Thus, in many cases, determining the age of volcanism in one
geographical area relative to that in another is beyond the cur-
rent resolution. Nevertheless, rock ages from most areas are
known well enough to provide comparable records of volca-
nism and sedimentation.

The areal distribution of the Hazelton Group (Fig. 7)
resembles scattered pieces of a jigsaw puzzle, and the lack of
continuous exposure is the greatest impediment to a complete
understanding of depositional history. The Middle Jurassic to
Late Cretaceous Bowser and Sustut basins cover a vast area of
central Stikinia. The Hazelton Group is exposed around the
periphery of these basins. The nature and distribution of rocks
underlying those of the Bowser and Sustut basins and correla-
tive with the Hazelton Group are unknown, and suggestions
concerning their origin and lithology (Tipper and Richards,
1976; Marsden and Thorkelson, 1992) are not well con-
strained.

Structural deformation is another complicating factor in
understanding the Hazelton Group. As discussed by
Evenchick (1991a; this report), the Bowser Basin and most of
the older rocks peripheral to the basin were shortened by at
least 44% during the Early to Late Cretaceous or earliest
Tertiary by the formation of northwest-trending folds and
thrust faults. The region of deformation, named the Skeena
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Fold Belt, includes most of central Stikinia, and most of the
Hazelton Group was involved in the contraction. Prior to this
event, the Hazelton Group is inferred to have been extended
by an uncertain amount along syndepositional normal faults
(Tipper and Richards, 1976; MacIntyre et al., 1987; Diakow
et al., 1991; Thorkelson et al., 1995); however, the amount of
extension is likely to have been modest relative to the amount
of contraction that occurred during development of the
Skeena Fold Belt (Marsden and Thorkelson, 1992). Normal
and reverse high-angle faulting also occurred after the Skeena
contractional event, but the amounts of extension or contrac-
tion accommodated by these structures are also likely to have
been small. Significant transcurrent faults affecting Hazelton
Group strata in the immediate vicinity of the Bowser Basin
have not been demonstrated.

Previous studies in the Griffith to Brock districts. Previous
studies of volcanic rocks between Griffith Creek and Mount
Brock have provided a solid foundation for the description
and analysis presented in this report. Erdman’s (1978) study
of an 800 m thick succession in the Ice Box district resulted in
a five point Rb-Sr scatterchron with an age of 189 ± 26 Ma
(2σ), and an initial 87Sr/86Sr ratio of 0.7043 ± 0.0002
(2σ)(Gabrielse et al., 1980). In addition, four chemical analy-
ses plotted on major element discriminant diagrams were
used to classify the succession as an “iron-enriched, magne-
sium-depleted calc-alkaline suite, weakly transitional to the
island arc tholeiite series” (Erdman, 1978). Monger and
Thorstad (1978) described the lithostratigraphic relations of a
succession of Triassic rocks in the Knife Edge district. A
1:125 000 scale compilation of the northern Spatsizi River
map area divided Triassic and Jurassic volcanic and related
sedimentary rocks into six units (Gabrielse and Tipper,
1984), with all of the Jurassic volcanic rocks grouped as a sin-
gle unit called the “Toodoggone volcanics”, based on loose
correlation with strata in the Toodoggone River (NTS 93 E)
map area. Smith et al. (1984) and Thomson et al. (1986)
described ammonite biostratigraphy of the Lower to Middle
Jurassic strata, and defined the sedimentary succession above
the Hazelton volcanic rocks. Read and Psutka’s (1990)
1:50 000 scale mapping divided Triassic and Lower Jurassic
volcanic rocks in the Brock and Knife Edge districts into sev-
eral depositional units that define stratigraphy. Evenchick
described field relations throughout the region (Evenchick,
1986, 1987, 1988, 1989) and introduced the concept that
Hazelton Group and lower strata have been shortened hori-
zontally by thin-skinned folding and thrusting (Evenchick,
1991a). A study of stratigraphy of Hazelton Group and lower
strata in northwestern Spatsizi River map area was provided
by Ash et al. (1997a, b).

Hazelton Group in the Griffith to Brock districts. Three
Lower Jurassic volcanic successions are recognized in the
districts (Tables 3, 4; Thorkelson et al., 1995). The oldest is
the ‘Griffith Creek volcanics’, an informally defined
(Thorkelson et al., 1995; this report) succession of mafic lava,
and intermediate to felsic pyroclastic rocks and sills. It is
exposed over too small an area and is not understood well
enough to be considered a formal unit. The middle unit is the
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The felsic rocks contrast petrographically with mafic
lavas in both mineral content and texture. Most different are
the dacitic ignimbritic rocks, some of which have eutaxitic
texture (flattened glass shards and pumice fragments). Many
are very rich in mineral grains (up to 60% by volume), which
are typically about 2 mm long. One sample of nonwelded
ignimbrite from the Griffith district contains about 28%
K-feldspar (slightly sericitized), 15% plagioclase (moder-
ately saussuritized), 14% quartz, 2% opaque oxide minerals
(possibly magnetite), and 1% biotite. Trace amounts of

spherulitic to granular cassiterite or rutile, muscovite, and
tridymite or cristobalite, have crystallized in vugs. These
accessory phases were probably deposited from high-temper-
ature vapour during cooling of the ignimbrite, in the manner
of “automineralization” described by Duffield et al. (1990).
Cassiterite or rutile also appears to have partially replaced
pseudomorphs of magnetite-after-hornblende. Other
ignimbrite units have similar mineral contents, but host up to
10% biotite which gives them a speckled appearance. For
example, the isolated outcrop of maroon ignimbrite in the Ice
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Photomicrographs of the Griffith
Creek volcanics. a) Basaltic
andesi te (chemical sample
87-219-2) oxide-pseudomorphed
hornblende (Hb), and saus-
suritized plagioclase (Pl) pheno-
crysts in fine-grained groundmass
of altered plagioclase and
hornblende. Plane-polarized
light. b) Basaltic andesite (chemi-
cal sample 87-228-3): anhedral,
embayed grain of augite in
groundmass of plagioclase,
serpentinized olivine, and mag-
netite. Crossed-polarized light.
c) Dacitic sill (chemical sample
87-234-2): euhedral, partially
chloritized hornblende (Hb) and
saussuritized plagioclase (Pl)
phenocrysts. Plane-polarized
light. d) Andesitic, weakly welded
tuff (chemical sample 87-142-2):
unaltered biotite (Bi) and quartz
(Q), and weakly altered ortho-
clase (Or) grains in matrix of
slightly flattened shards. Plane-
polarized light.



Box district area contains about 25% orthoclase perthite, 13%
plagioclase, 15% embayed quartz, 5% biotite, and 2%
(?)magnetite (Fig. 13c). It strongly resembles some of the
rocks in the Griffith district. The large sill which was
emplaced into older rocks (unit <}Gfs on 2033A) is also
dacitic and resembles the ignimbrite. It contains 50% pheno-
crysts, up to 4 mm long, of plagioclase (15%), hornblende
(13%), K-feldspar (10%), quartz (5%), biotite (5%), and
magnetite (2%) set in a granular, very fine-grained
groundmass (Fig. 13d).

Two U-Pb (zircon) dates indicate that the Griffith Creek
volcanics are close in age to the Triassic–Jurassic boundary
(Thorkelson et al., 1995). One date, 205.8 ± 0.9 Ma, was
obtained from the basal lava flow of hornblende-plagioclase
basaltic andesite on the southeastern side of the Griffith Fault
(Fig. 14). The other date, 205.8 +1.5/-3.1 Ma, was obtained
from the large dacitic sill (unit <}Gfs on 2033A) on the north-
western side of the fault.

The Griffith Creek volcanics were deposited subaerially,
as indicated by the abundant welded ignimbrite and reddened
margins of the mafic lava flows. No indicators of aqueous
deposition have been observed. Although the exposure of this
formation is very limited, the original distribution may have

been much greater, as suggested by its 2 km thickness and the
more than 30 km distance between its exposures in the
Griffith and Ice Box districts. The Griffith Creek volcanics
may have originally underlain much of the districts, and it is
likely that further field studies in the nonspecific units <}v,
=J, and =Ju will reveal additional outcrops of the succession.

Cold Fish Volcanics (unit <}Ce, <}Cf, <}Cm, <}Cs).
The Cold Fish Volcanics are the best exposed and most
widely distributed rocks in the districts, underlying an area of
about 450 km2. They were examined in greatest detail in the
Nation district, where they were mapped at 1:25 000 scale
(Thorkelson, 1992). The base of the Cold Fish Volcanics suc-
cession has not been observed, although it could possibly be
exposed above beds of sedimentary rock (mapped as unit
=Ju) in the southern Will district. The top of the succession is
exposed in several places, in the Joan, Plateau, Will, Nation,
and Ice Box districts, where it is conformably overlain by
Hazelton Group sedimentary rocks. Average stratigraphic
thickness of the succession perhaps exceeds 2 km (Fig. 15, on
CD-ROM). After accounting for about 50% shortening,
which was incurred during contractional deformation of the
Skeena Fold Belt (Evenchick, 1991a), the area of deposition
represented by the exposures in the study area is estimated at
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about 900 km2, with a volume greater than about 1800 km3.
Numerous felsic sills and a small epizonal stock (Spatsizi
River Stock) are included in the volcanic complex and are
described below.

Generalized stratigraphy. The Cold Fish Volcanics are
well exposed and widely distributed, underlying much of the
Will, Plateau, Joan, Nation, Ice Box, and Cartmel districts.
They are a composite succession, mainly comprising lava
flows, sills, and tuffaceous rocks, with minor epiclastic rocks
and limestone. Compositionally, they range from basalt
(<53% SiO2) to high-silica rhyolite (>75% SiO2). Dacitic
compositions are rare, however, and the succession is
strongly bimodal with reference to silica (Table A-2; Fig. 16).
Thus, Cold Fish Volcanics can be divided into a felsic suite of
rhyolite and high-silica rhyolite, and a mafic suite of basalt,
basaltic andesite, andesite, and minor dacite. The mafic rocks
were emplaced as lava flows and related breccia, and dykes,
whereas the felsic rocks are more varied in their emplacement
types, which include lava flows, breccia, air-fall tuff,
ignimbrite, sills, and dykes.

The regional distribution of felsic and mafic rocks is not
uniform. In the Will district, rhyolitic sills and related
tuffaceous rocks predominate and mafic rocks are scarce. The
voluminous rhyolitic rocks in this area are probably geneti-
cally related to the Spatsizi River Stock, an alkali-feldspar
granite (Streckeisen, 1976), which is interpreted as a
synvolcanic intrusion. The relative abundance of mafic rocks
generally increases toward the northwest, and in the Ice Box
district mafic lava is more abundant than rhyolite. Although

this regional trend may be partly a function of changes in
exposed stratigraphic level, it probably reflects a fundamen-
tal depositional bias, with mainly mafic volcanism in the
northwest giving way to mostly felsic volcanism in the Will
district. This relationship is discussed further in the synthesis
of physical volcanology.

Most of the Cold Fish Volcanics were deposited in a
subaerial environment. Subaerial indicators in the terrestrial
parts of the unit include densely welded ignimbrite, maroon
to brick-red mafic lavas and tuffaceous rocks, and an absence
of interbedded marine sedimentary rocks. About 5% of the
succession was deposited under submarine conditions
(mainly in the Ice Box district), and comprises greenish-grey
lava flows, pillow lava and pillow breccia, aquagene tuff,
sandstone, shale, and limestone. Macrofossils (including
diagnostic ammonites) collected from limestone and limey
siltstone in the Ice Box and Nation areas were determined to
be early Pliensbachian (Appendix 1).

Two principal stratigraphic divisions of the Cold Fish
Volcanics are recognized: a ‘lower composite succession’
consisting of various lithotypes of both mafic and felsic com-
position and an ‘upper ignimbrite cap’ dominated by rhyolitic
ignimbritic deposits (Fig. 15). These stratigraphic divisions
are applicable over much of the study area, and reflect an
abrupt change from long-lived growth of a composite volca-
nic field to short-lived, but voluminous eruptions of rhyolitic
pumice and ash.

Seventeen detailed stratigraphic sections (Fig. 15),
mainly from the Nation district and adjacent areas, were con-
structed from geological maps, field notes, and photographs.
The uncertainty in thickness of individual depositional units
varies, but is estimated to be about 20%. The sections are
arranged by district, and where possible, have been correlated
with one another on the basis of lithostratigraphy. The top of
the Cold Fish Volcanics is used as the primary datum to which
the sections are stratigraphically related.

Lower composite succession. The lower part of the Cold
Fish Volcanics succession consists mainly of interbedded
mafic lava, rhyolitic pyroclastic rocks, and rhyolitic sills.
Rhyolitic rocks, particularly sills, dominate the succession in
the Will district, whereas mafic lava flows constitute an equal
or greater proportion of the pile in the Joan, Plateau, Nation,
Ice Box, and Cartmel districts. Thicknesses of individual
stratigraphic sections (Fig. 15, sections b, m, and p) exceed
1000 m, and the aggregate thickness of correlated sections
b–f (Fig. 15) (some of which are linked with considerable
uncertainty) approaches 2400 m.

Section a on Figure 15 represents the combined mafic and
rhyolitic nature of the rocks in the Joan district. The lower
part of the succession consists of several mafic lava flows,
10–20 m thick, which are intercalated with well bedded,
green and maroon tuff. The lowest exposed flow hosts abun-
dant 3–5 mm long phenocrysts of plagioclase, in contrast to
the overlying lavas which are less porphyritic. The mafic
flows are purple and maroon, and vary from massive and
nonamygdaloidal to scoriaceous and rubbly. Above these
lavas is an ignimbrite, followed by a thin unit of mafic lava,
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and topped by densely welded ignimbrite units with promi-
nent fiamme — part of the upper ignimbrite cap. The pres-
ence of densely welded textures, maroon lava, and the
absence of pillowed lava, hyaloclastite, and intercalated
marine sedimentary rocks all indicate that the volcanic suc-
cession in the Joan district was deposited subaerially, and not,
as suggested by Thomson et al. (1986), in a largely submarine
environment. The conformably overlying, highly fossil-
iferous Joan Member (Thomson et al., 1986) is the earliest
record of marine conditions in rocks of this district.

Section b on Figure 15 illustrates the top 1200 m of Cold
Fish Volcanics strata that lie beneath conformable Spatsizi
Formation sedimentary rocks in the southern Nation district.
The bottom of this succession consists of maroon, mafic lava
flows hosting phenocrysts of olivine (pseudomorphed by
(?)iddingsite) and plagioclase. In some of the flows
plagioclase grains are 3–6 mm long, either tabular or bladed,
and occupy approximately 20% of the rock volume. A corre-
lative succession 3 km to the west of section b (Fig. 15) is also
mainly subaerial, but includes rare (subaqueous) pillow lava
(Fig. 17a). Lying above this unit are mafic lava flows inter-
bedded with nonwelded tuff and intruded by rhyolitic sills. A
correlative succession on the ridge 1 km to the west is shown
in Figure 17b. The section is capped by approximately 200 m
of ignimbrite.

Mafic lava and tuffaceous strata form the lower part of
section c (Fig. 15). Above these units lies a crudely columnar
jointed, pinkish rhyolitic sill, nearly 200 m thick (called the
“pink rhyolite” in the field). The margins are strongly
flowbanded and spherulitic, and contain no phenocrysts. In
the upper margin, large vugs up to 10 cm across are partially
filled with sparry quartz. The interior of the sill hosts up to
10% of 2–4 mm long phenocrysts of perthitic alkali feldspar,
and contains miarolitic cavities filled with granular quartz.
Above the pink rhyolite lies a unit of greenish, bedded tuff,
probably of air-fall origin, crosscut by numerous mafic
dykes. The section is topped by mafic lava flows which are
considered broadly correlative with similar maroon flows
found at the base of section b (Fig. 15).

In section d (Fig. 15), the lowest 250 m consists of brown,
green, and red, well bedded tuff and tuff breccia, most likely
air-fall in origin, intercalated with mafic, maroon lavas with
red flow margins. Above these strata is a 15 m thick deposit of
poorly stratified conglomerate and breccia interpreted as a
lahar. Clasts within the deposit are mainly pebbles and cob-
bles of mafic lava, including aphyric and bladed (4–6 cm)
plagioclase-phyric varieties. Deposits of this type are uncom-
mon in the Cold Fish Volcanics, constituting less than 1% of
the total succession volume. The upper part of the section
consists of the pink rhyolite sill. Features of the sill in this sec-
tion, along with those in section c (Fig. 15), indicate that the
pink rhyolite is intrusive rather than extrusive. Firstly, the
pink rhyolite in section d (Fig. 15) contains a large xenolith of
greenish-grey, bedded tuff that is over 150 m long and 5 m
thick. Although the xenolith has been silicified, it strongly
resembles the less indurated tuffaceous strata that bound the
upper and lower margins of the sill, and was clearly derived
from them. Most likely, this sliver-like xenolith of tuffaceous
strata was engulfed by magma as the sill advanced along two
horizons of the tuffaceous unit, about 10 m apart, for approxi-
mately 150 m. Secondly, the top 10 m of the pink rhyolite in
section c (Fig. 15) interdigitates with overlying tuffaceous
rocks on metre to centimetre scales, and has incorporated
xenoliths of tuff ranging in length from 1 cm to 2 m. The iden-
tification of this rhyolitic unit as a sill is consistent with the
absence of block lavas or breccia which might be expected if
the rhyolite were emplaced as a thick flow or dome.
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Figure 17. Photographs of Cold Fish Volcanics. a) Mafic
pillow lava of the Cold Fish Volcanics on ridge located 3 km
west of section b of Figure 15, south of Nation Peak. This sub-
aqueous flow is underlain and overlain by maroon lavas of
subaerial origin. Width of view is about 4 m. Photograph by
D.J. Thorkelson. GSC 2003-308. b) Composite, subaerial
succession of the Cold Fish Volcanics forming ridge 1 km
west of (and correlative with) section b of Figure 15, Nation
district. Dark ridge in foreground is composed of mainly
mafic lava flows. Cliff exposure in middle ground consists of
a sequence of welded ignimbrite, air-fall tuff, and mafic lava
flows that has been intruded by white-weathering and buff-
weathering rhyolitic sills. Field of view of background ridge
is 1 km. Photograph by D.J. Thorkelson. GSC 2003-309



The base of section e (Fig. 15) consists of a thick (125 m)
succession of nonwelded and welded tuff. The nonwelded
tuffaceous rocks are moderately well bedded and are proba-
bly air-fall deposits. The welded tuff is a massive and highly
indurated ignimbrite with abundant fiamme. Above these
units lie a maroon mafic lava flow, a rhyolitic sill, then a bed-
ded air-fall tuff, capped by mafic lava. This lava has been
speculatively correlated with similar lavas at the base of sec-
tion d (Fig. 15).

Section f (Fig. 15) consists of a 150 m thick sequence of
welded and nonwelded tuffs, representing multiple
depositional and cooling units, which were then intruded by
rhyolitic sills. The highest sill, over 125 m thick, is reddish
brown and strongly flowbanded. The succession is capped by
an ignimbrite unit, which is probably correlative with a simi-
lar horizon of welded ignimbrite located about 1 km to the
southwest, near the bottom of section e (Fig. 15).

Section g (Fig. 15) is entirely rhyolitic, with ignimbritic
and air-fall deposits intruded by rhyolitic sills (Fig. 18a).
Rhyolitic and mafic dykes crosscut the layered rocks. A U-Pb
(zircon) age of 194.8 +1.0/-3.0 Ma, obtained on a red-
dish-brown sill near the base of section g (Fig. 15), agrees
well with a U-Pb (zircon) age of 196.6 ± 1.6 Ma from a cross-
cutting pyritic rhyolite dyke (Thorkelson et al., 1995). The
tuffaceous and intrusive rocks of this section may be correla-
tive with those of section f (Fig. 15), although definitive links
between these stratigraphic columns were not recognized.

Correlations among sections h, i, and j, (Fig. 15) in the
central and northern Nation district, are made with certainty.
Unfortunately, these strata cannot be linked as precisely to
any of the other Nation district sections and the proposed cor-
relation between the top of a mainly mafic lava sequence in
section b (Fig. 15) with those in sections h–j (Fig. 15) is
uncertain. The higher stratigraphic position of sections i and j
(Fig. 15), with respect to section g (Fig. 15), is consistent with
the observed structural relationship (Evenchick, 1986) in
which rocks of section g (Fig. 15) have been thrust over those
of sections i and j (Fig. 15, 18a).

Subaerially deposited, maroon, mafic lava flows form the
base of section h (Fig. 15). On top of these flows lies a
rhyolitic sill overlain by weakly welded ignimbrite, more
subaerial maroon lava, and limestone hosting fragments of
carbonized wood. The limestone layer thereby represents a
period of transient marine conditions in an otherwise
subaerially deposited succession. Sections h, i, and j (Fig. 15)
share a prominent fossiliferous limestone and sandy lime-
stone marker horizon (Fig. 18b). Welded ignimbrite,
nonwelded tuff, and maroon mafic lava overlie the limestone.

Section i (Fig. 15) is a thick (900 m) succession of mainly
subaerial origin characterized by welded and partly welded
red and green tuff, and maroon lava flows with reddened flow
margins. The flows vary in thickness from about 15 m to 30 m.
Units within section i (Fig. 15) that may have been deposited
in subaqueous conditions lie toward the top of the succession
and include a unit of limestone, sandstone, and mafic lava that
lies directly below the limestone, a brown, tuffaceous

siltstone horizon approximately 150 m below the limestone,
and greenish lava above the limestone. The limestone has
yielded early Pliensbachian ammonites (Appendix 1).

Section j (Fig. 15) was formed under alternating marine
and subaerial conditions. Maroon, mafic lava (subaerial) at
the base of section j (Fig. 15) is overlain by a shale unit
(marine), weakly welded tuff, bedded tuff hosting accretion-
ary lapilli, and mafic lava (subaerial), another shale unit, the
limestone marker unit, greenish-grey pillow breccia, aqua-
gene tuff, a thin (2 m) bed of rhyolite-pebble conglomerate,
and a second horizon of limestone (marine) at the top of the
section.
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Thrust fault

a

Figure 18. Cold Fish Volcanics. a) Thrust fault within the
Cold Fish Volcanics in the Nation district. Hanging wall con-
sists of tuffaceous rocks and felsic sills of section g (Fig. 15).
Footwall comprises felsic and mafic rocks which sit below
section j (Fig. 15). Top of photograph to bottom approximat-
ely 250 m. Photograph by D.J. Thorkelson. GSC 2003-310.
b) Marine sedimentary and volcanic rocks of the Cold Fish
Volcanics, part of section j (Fig. 15) in the Nation district.
MPB = marine pillow basalt. The limestone beds yielded
early Pliensbachian fossils. Person at right, base of cliffs, for
scale. Photograph by D.J. Thorkelson. GSC 2003-311



Sections k, l, and m (Fig. 15), in the Plateau district, are
reliably correlated with one another, and with sections a and b
(Fig. 15) of the Nation district. At the base of aggregate sec-
tion k–m (Fig. 15), rhyolitic sills separate depositional units
of mafic lava and tuffaceous rocks. In the middle of the aggre-
gate section, thick successions of mafic lava flows are inter-
calated with bedded air-fall deposits (Fig. 19). Many of the
flows, which are 20–35 m thick, are maroon with red flow
bottoms and are separated from one another by red-
dish-brown tuffaceous layers (possibly including paleosols)
that vary in thickness from less than 1 m to over 25 m. The top
of the section consists mainly of tuffaceous rocks. A
cliff-forming, rhyolitic sill sits at the base of tuff and welded
tuff that forms the ignimbrite cap (discussed below). The sill
varies in thickness from about 5 m to 50 m, and intruded strata
at nearly the same stratigraphic level, approximately 50 m
below the top of the Cold Fish Volcanics succession. It is
identified as a sill and not a lava flow on the basis of: smooth,
nearly planar contacts (both top and bottom); the absence of
associated breccia (cf. Manley and Fink, 1987); the presence
of thin (metre-scale), but otherwise identical sills within
underlying bedded tuffs; its great lateral continuity; and a
very low thickness-to-area ratio. It outcrops over an area of
about 65 km2, which equates to a predeformational area of
about 74 km2 (based on 12% shortening by folding for this
part of the thrust sheet). At an assumed average thickness of
15 m, the sill represents about 0.7 km3 of rhyolitic magma.
Because intrusive and extrusive igneous rocks are absent in
the sedimentary succession that overlies the ignimbrite units,
magmatism of the Cold Fish Volcanics is inferred to have
ceased (at least in this area) prior to sedimentation. Sedimen-
tary deposition was apparently conformable, and not pre-
ceded or accompanied by significant erosion of Cold Fish
Volcanics strata. These relationships infer that the sill was
emplaced at depths no greater than the thickness of the
ignimbrite units which overlie it, i.e. at a depth of 50 m or less.

Section n (Fig. 15), in the Will district, comprises mainly
rhyolitic sills which have intruded a sequence of mafic lava
and tuff. The sills are so thick (up to 225 m) and numerous that
the total thickness of the eruptive rocks in this 500 m section
is only about 90 m. The 225 m thick sill, which is pink and
strongly flowbanded throughout, outcrops along strike to the
east for nearly 4 km. The top of section n (Fig. 15) probably
correlates with the top of the highest sill in the lower part of
section m (Fig. 15).

Section o (Fig. 15) is dominated by thick sills emplaced
into tuffaceous strata. The thickest sill is approximately 150 m
thick, has highly convoluted flowbands, and locally inter-
fingers with and bulges into (on decimetre to metre scales) the
overlying, maroon, bedded tuff (Fig. 20). The tuff correlates
with one near the bottom of section n (Fig. 15; Fig. 21). Near
section o (Fig. 15)(approximately 2 km to the southeast), a sill
of uncertain stratigraphic position in the Cold Fish Volcanics
was dated by U-Pb (zircon) at 193.7 ± 1.9 Ma (Fig. 22;
Thorkelson et al. (1995)).

The other two sections in the Will district (p and q, Fig. 15) are
located several kilometres from each other and from the other
Cold Fish Volcanics sections, and have not been correlated. Sec-
tion p (Fig. 15), which is about 1450 m thick, is dominated by four
flowbanded rhyolitic units (interpreted as sills) that range in thick-
ness from 150–450 m. Existing field information obtained at the
reconnaissance level suggests that each of these units was
emplaced as an individual intrusion; however, more detailed work
is necessary to determine whether these rhyolite flows are individual
units, or compoundunits comprising twoormore sillsof similar lith-
ology. The apparent uniformity of these rhyolite units infers that, if
they are composite, they comprise a few thick sills rather than many
thin ones. About two-thirds of the way down the section, a mafic
lava flow is crosscut by a thick, orange-weathering, rhyolitic
dyke, which is itself cut by a green, mafic dyke.
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Figure 19. Subaerial mafic lava flows of the Cold Fish
Volcanics intercalated with bedded air-fall tuff, section l,
(Fig. 15), “Plateau” district. Section is about 400 m thick.
Photograph by D.J. Thorkelson. GSC 2003-312

Figure 20. Convoluted flow bands in the rhyolitic sill that
forms the middle of section o (Fig. 15) in the Cold Fish
Volcanics, Will district. Black bars at top of scale card are
1 cm long. Photograph by D.J. Thorkelson. GSC 2003-313



Section q (Fig. 15), like the other sections from the Will
district, is composed of primarily rhyolitic rocks (Fig. 23).
Rocks at the base of the section were not examined, but
appear to be thick bedded and resistant, and are probably
mainly sills and welded tuff. The lowest identified unit is a
reddish-brown, flowbanded, rhyolitic sill approximately
65 m thick. According to interpretation of aerial photographs,
the sill thins and pinches out about 600 m to the west of the
section line. Above the sill lies a thick (125 m) bed of welded
ignimbrite, followed by 75 m of welded tuff and sills, about
30 m of highly oxidized (maroon and red) mafic lava, a few
metres of bedded tuff, and finally, a massive rhyolitic sill.

The Cold Fish Volcanics succession in the Ice Box district
differs slightly from the mainly mafic sequences in other dis-
tricts. The most important difference is the greater abundance
of marine sedimentary and volcanic rocks (although most of
the succession is subaerial in origin). These marine horizons
are concentrated in the northeastern part of the district, but
also outcrop in the more southerly parts as thin, discontinuous
lenses. Fossils belong to three different ammonite zones of
the early Pliensbachian (Appendix 1) which serve to demon-
strate the longevity of volcanism in this area. Another differ-
ence is that beds of lahar, although still very low in abundance,
are more common here than in other areas. A third difference
is the prominence of rhyolitic block lavas (and associated
massive lava flows), which are so rare in the other districts.

In the northeastern Ice Box district (mainly east of
129°4′W and north of 57°42′N), the Cold Fish Volcanics
were deposited mainly in a submarine environment. The
volcanic rocks are dominated by pillowed and massive lavas, and
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Figure 22. Summary diagram of interpreted U-Pb, K-Ar, and
Rb-Sr ages (with 2σ error bars), of Early and Middle Jurassic
rocks in Spatsizi River map area in the context of the Harland
et al. (1990) geological time scale. Ages are U-Pb on zircon
unless otherwise labelled. Ages of Cold Fish Volcanics, Spatsizi
River stock, and Griffith Creek volcanics are from Thorkelson
et al. (1995); McEwan Creek Pluton is from Evenchick and
McNicoll (1993), Hazelton Group rhyolite and the Red Stock
and related intrusions from Friedman and Ash (1997) and Ash
et al. (1996).
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Figure 23. Thick rhyolitic units of the Cold Fish Volcanics in
section q (Fig. 15), Will district. Section is about 600 m thick.
The lower part of the section (unit 1) was not examined, but
appears to consist of thick, rhyolitic strata. Unit 2 is a
rhyolitic sill; unit 3 is welded ignimbrite; unit 4 is a composite
section of tuff, sills, and mafic, maroon lava; and unit 5 is a
rhyolitic sill. Photograph by D.J. Thorkelson. GSC 2003-315

Figure 21. Well bedded maroon air-fall tuff of the Cold Fish
Volcanics near the base of section n (Fig. 15) in the Will dis-
trict. Grains vary in size from ash and dust in the dark maroon
layers, to lapilli in the white layers. Hammer is 33.3 cm long.
Photograph by D.J. Thorkelson. GSC 2003-314



aquagene tuff and breccia. They are intercalated with lime-
stone, siltstone, conglomerate, and shale. In one locality,
limestone clasts are scattered among mafic pillows. One of
the shale units yielded early Pliensbachian ammonites
(Appendix 1). In the core of the syncline 2–3 km west-south-
west of Bug Lake, conglomeratic to shaly strata of the
Spatsizi Formation supercede the Cold Fish Volcanics suc-
cession. At this location, identifying the base of the Spatsizi
Formation is not straightforward because epiclastic strata
considered part of the Cold Fish Volcanics are abundant near
the top of the volcanic succession. Because the position of the
contact cannot be determined, its nature is uncertain; it may
be gradational at this location. Aalenian ammonites were
obtained from the northeastern Ice Box district (Poulton and
Tipper (1991); Appendix 1), but whether the strata that hosted
these fossils lie above or below the top of the volcanic units is
unknown.

Upper ignimbrite cap. Rhyolitic tuff and tuff breccia form
the top of the Cold Fish Volcanics succession in each of the
Nation, Plateau, Joan, and Will districts. Although they range
in degree of welding, from densely welded in the Joan and
south-central Nation districts, to nonwelded and rich in vugs
in the northeastern Plateau district, they are probably all
ignimbrite, i.e. deposits of pyroclastic flows. They typically
contain collapsed pumiceous fragments (fiamme), grains of
feldspar, and accessory lithic clasts. In the eastern Joan dis-
trict, the rhyolite is crosscut by veins of fluorite. A 193.9
+1.1/-4.5 Ma U-Pb (zircon) isotopic age was obtained from
ignimbritic rocks of the Joan district (Thorkelson et al. (1995);
Fig. 22; Table 2).

In several places, including section a (Fig. 15) in the Joan
Lake Anticline, this rhyolitic cap to the Cold Fish Volcanics
comprises two or three depositional units which can be distin-
guished from one another on the basis of colour, abundance of
juvenile and accessory clasts, and crystal contents. Because
the degree of welding also tends to differ among the
depositional units, the ignimbrite units were probably
deposited from individual pyroclastic eruptions, forming sep-
arate cooling units (cf. Christiansen, 1979).

The thickness of this sequence varies from about 50–250 m,
with individual depositional units ranging in thickness from
about 25–100 m. Correlation among individual units in the
Will and Plateau districts (Fig. 15) indicates that some of the
units were deposited over an area of at least 64 km2. Further
work is likely to result in correlation of these units with those
in the Nation and/or Joan districts, increasing their recog-
nized area of deposition to perhaps 300 km2. Using these min-
imum and potential areas of distribution, and assuming an
average thickness of 50 m, the estimated volume of an indi-
vidual pyroclastic deposit ranges from 3 km3 to 15 km3. If the
prediagenetic porosity of the ignimbrite were about 30% (cf.
Smith, 1979; Cas and Wright, 1987), then the equivalent
magma volume would range from 2 km3 to 10 km3. Alto-
gether, the upper ignimbrite sequence appears to represent a
magma volume of at least 4 km3, and perhaps as much as
20 km3.

To the northwest, in the Ice Box and Cartmel districts, the
depositional top of the Cold Fish Volcanics succession is not
as clearly defined. There, sedimentary rocks that overlie
subaerially deposited volcanic rocks are comparatively thin,
are not demonstrably conformable, and may have been
deposited after a period of erosion, and possibly minor tilting.
The structural geometry of the western Ice Box district is not
well known. It may be broadly anticlinal, with a somewhat
greater relative abundance of rhyolitic rocks on the flanks of
the district, toward the apparent top of the succession. These
felsic rocks, which include massive lava, block lava,
tuffaceous rocks, and possibly sills, may be generally correla-
tive with the ignimbritic cap to the southeast.

Spatsizi River Stock. The Spatsizi River Stock is leuco-
cratic, miarolitic, alkali-feldspar granite located in the eastern
Will district, apparently emplaced in the upper crust. Three
lines of evidence point to its probable origin as a synvolcanic
intrusion, coeval with the Cold Fish Volcanics. Firstly, it is
mineralogically and chemically similar to the rhyolite that
dominates the succession into which it was emplaced. Sec-
ondly, it is crosscut by mafic dykes (e.g. chemical sample
86-111-3 in Appendix 2) that lithologically and chemically
resemble mafic Cold Fish Volcanics lavas. Thirdly, the 2σ
range in the interpreted U-Pb (zircon) age of the stock (190.7
+7.0/-7.8 Ma; Fig. 22; Thorkelson et al. (1995)) overlaps with
those from the Cold Fish Volcanics. The country rocks within
1–2 km of the stock appear to have undergone weak propylitic
alteration, possibly by metasomatizing fluids related to circu-
lation of magmatic and heated meteoric fluids during
emplacement and crystallization of the stock. Two gossanous
zones near the stock are probably also genetically related to
the emplacement and crystallization of the stock.

Will caldera. In the Will district, which has an area of
approximately 150 km2, the Cold Fish Volcanics succession
consists mainly of thick rhyolitic sills and rhyolitic ignimbrite
sheets. According to sections n–q (Fig. 15), the sills occupy at
least 75% of the rock volume in this district. The average
thickness of the volcanic complex in this area is unknown, but
appears to be at least 1.4 km. The volume of magma repre-
sented by rhyolitic sills is thereby estimated at 158 km3 or
more. This huge volume of felsic magma, emplaced as sills,
implies that the Will district was a centre of felsic magmatic
activity, because the rhyolitic magma was probably viscous
and not capable of travelling in sheets far from its point of
emanation. The relative volume of sills in the other districts is
significantly lower. The presence of the Spatsizi River Stock
in the Will district contributes to the identification of the Will
district as a volcanic centre. The larger ignimbrite units in the
district are more than 100 m thick, and may have been depos-
ited over areas of 20 km2 to 100 km2 (or more). Some of the
ignimbrite bodies may have extended outward over neigh-
bouring districts. Each of the large ignimbrite deposits repre-
sents the rapid evisceration of 2 km3 to perhaps 10 km3 of
magma from an epizonal chamber. Ignimbrite deposits of this
magnitude are almost always associated with foundering of
the upper crust and formation of a caldera (Smith, 1979).
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The various magmatic features of the Will district point
toward a resurgent caldera model. On the basis of present
exposure, the inferred Will caldera occupied nearly the entire
Will district and was at least 14 km in diameter. Multiple
resurgence and several cycles of magmatism are inferred by
the presence of several thick, ignimbritic cooling units, and
an apparently protracted history of sill emplacement. A cal-
dera environment is supported by the paucity of mafic lavas in
the Will district, in contrast to most other parts of the Cold
Fish Volcanics succession. Mafic lava tends to be scarce in
felsic caldera sequences because the relatively high density of
mafic magma prevents it from rising through the upper, fel-
sic, less dense parts of subcaldera magma chambers (Smith,
1979; Hildreth, 1979; Christiansen, 1979). The crosscutting
Spatsizi River Stock (shown later to be of similar age and geo-
chemistry to the Cold Fish Volcanics) may have been
emplaced as a lobe of magma during a late-stage, perhaps ter-
minal period of chamber recharge and caldera resurgence.
The large ignimbrite deposits that cap the composite succes-
sions in the Joan and Nation districts may have originated
from eruptions in or along the periphery of the Will caldera.

The bounding faults of the Will caldera have not been
observed possibly because of the lack of exposure in broad
valleys surrounding the Will district, overlapping younger
strata of the Spatsizi Formation and Bowser Lake Group, and
structural complications imposed by subsequent folding,
thrust faulting, and block faulting. Bounding faults are com-
monly difficult to delineate even in undeformed Tertiary and
Quaternary calderas (e.g. Francis, 1983; Aldiss and Ghazali,
1984). Recognition of bounding faults may be more difficult
in calderas that have undergone several periods of collapse
and resurgence (as inferred for the Will caldera), accompan-
ied by changes in the location of the caldera margins.

Identification of the Will caldera permits division of the
Cold Fish Volcanics into two lateral facies. The dominantly
felsic rocks in the Will district are regarded as the intracaldera
facies, whereas the compositionally varied strata in the other
districts, which display significant accumulations of mafic
lava, constitute the extracaldera facies. Ignimbrite deposits
that cap the composite succession in the Joan and Nation dis-
tricts may have erupted from vents along the margins of the
caldera during terminal caldera collapse. During evolution of
the Cold Fish volcanic field, caldera-bounding faults would
have separated the facies, but the location of these faults may
have shifted with successive episodes of collapse and resur-
gence.

The Red Goat Fault (Fig. 14; Map 2030A) may have been
one of the main bounding faults of the caldera (the fault was
formerly called the “Spatsizi River Fault” by Thorkelson
(1992) and Thorkelson et al. (1995), but renamed the “Red
Goat Fault” to avoid confusion with the “Spatsizi Fault”
(Evenchick, 1991a)). Although the fault does not outcrop, its
location in the vicinity of the Spatsizi River is inferred by
striking contrasts in stratigraphy and style of deformation in
rocks on opposite sides of the river. On the western side, Cold
Fish Volcanics strata of the Will caldera, at least 1.5 km thick,
and overlying strata of the Spatsizi Formation and the Bowser
Lake Group, are exposed in generally open folds and are cut
by thrust faults. To the east, older rocks of the Stuhini Group,

the Griffith Creek volcanics, and Triassic–Jurassic conglom-
erate, are present in tight, upright folds, and are unconform-
ably overlain by the Bowser Lake Group. Strata in both areas
are interpreted to lie in the hanging walls of thrust faults
(Evenchick, 1991a).

Interpretation of the Red Goat Fault must explain the geo-
logical contrasts across the fault. One possibility is that the
Cold Fish volcanic field continued to the east and was subse-
quently eroded prior to Bowser Lake deposition. In this inter-
pretation, east-side-up motion of the Red Goat Fault was
perhaps related to the same tectonism that resulted in the
post-Pliensbachian, pre-Aalenian angular unconformity
southeast of Todagin Mountain. Another possibility is that
the Cold Fish Volcanics were never deposited east of the
fault. This possibility is considered unlikely because of the
abundance of tuffaceous rocks in the Cold Fish Volcanics
succession immediately west of the river, and the high proba-
bility that at least some equivalent tuffaceous material would
have been carried to the east and deposited there. A third pos-
sibility is that the Red Goat Fault accommodated significant
strike-slip displacement after Cold Fish volcanism, but prior
to Bowser Lake deposition, juxtaposing rocks with consider-
ably different histories. Or, the fault may have been a tear
fault active during later Mesozoic contraction related to for-
mation of the Skeena Fold Belt. In a hypothesis put forward
by Thorkelson (1992) and Thorkelson et al. (1995), the Red
Goat Fault flanked the eastern side of the Will caldera, serv-
ing not only as a caldera-bounding structure, but also as a
major normal fault related to regional extensional tectonics.
The fault would have had 1.5 km or more of east-side-up
vertical displacement, and marked the eastern extent of Cold
Fish magmatism. A similar model of caldera development
and block faulting has been invoked to explain stratigraphic
relations in a Lower Jurassic succession of the southwestern
United States (Riggs and Busby-Spera, 1990). In the absence
of strong criteria to rule out any of the possible origins of the
Red Goat Fault, its nature and regional importance remain
unknown. Absence of Cold Fish Volcanics on the east side,
for whatever reason, limits the age of the fault to early
Pliensbachian or younger.

Discussion of syn- to postvolcanic subsidence. Short-
lived marine transgressions onto the evolving volcanic field
in the extracaldera facies of the Cold Fish Volcanics are indi-
cated by thin beds of limestone and other marine rocks within
the mainly subaerial volcanic sequences in the Nation and the
Ice Box districts. These transgressions are interpreted to be a
result of synvolcanic subsidence. In the Nation district, the
marine interbeds of sections h to j (Fig. 15) sit above at least
800 m, and possibly as much as 2000 m, of subaerially depos-
ited volcanic strata. These subaerial strata must have ‘sunk
into the sea’ for the marine interbeds to have been deposited.
Whether the subsidence was gradual or episodic has not been
resolved.

The trend of subsidence during deposition continued after
cessation of Cold Fish volcanism, as indicated by hundreds of
metres of conformably overlying marine epiclastic rocks of
the Spatsizi Formation (Thomson et al., 1986). The amount of
subsidence far exceeds the thicknesses that would result
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simply from postulated increases in global sea level
(Thorkelson et al., 1995). The net amount of crustal subsi-
dence can be estimated, for a given period of time, from the
sum of: the thickness of the subaerial succession; the eleva-
tion of the succession at the time of its deposition; the thick-
ness of the overlying marine sedimentary rock; the estimated
height of the water column at the end of the period; and the net
change in eustatic sea level (subtract this amount if sea level
rose). In early Pliensbachian to middle Toarcian, an estimated
minimum 2000 m of subaerial Cold Fish Volcanics became
overlain by about 350 m of Spatsizi Formation marine sedi-
mentary strata, under a water column of perhaps 300 m (as
suggested by “faunal depth zone D” of Taylor (1982);
Thomson et al. (1986)). Sea level rose eustatically by no more
than 50 m during this interval (Hallam, 1981; Vail and Todd,
1981). How far above sea level the Cold Fish Volcanics were
deposited is unknown. Using this information, crustal subsi-
dence in the region of Cold Fish volcanism, from early
Pliensbachian to middle Toarcian, is estimated at more than
2600 m (Fig. 24). Similar calculations using strata of the
Mount Brock volcanics indicate that subsidence in Brock dis-
trict was at least 2000 m during the early to middle Toarcian.
Early Jurassic subsidence in the Spatsizi River map area was
marginal to coeval subsidence in the inferred Nilkitkwa
depression of Tipper and Richards (1976) (Hazelton
“Trough” of Marsden and Thorkelson (1992)), the main axis
of which is inferred to lie about 50 km to the southwest of the
study area.

The hypothetical bounding fault of the Will caldera may
have continued well beyond the study area, serving not only
as the eastern boundary of the inferred caldera, but also as a
regional extensional fault. It was possibly one of a number of
structures that controlled the widespread subsidence of the
Cold Fish volcanic field, and accommodated regional subsi-
dence of central Stikinia.

Widespread subsidence in the region by thousands of
metres is likely to have been at least partly tectonic in origin,
and probably reflects modest degrees of lithospheric exten-
sion concurrent with Early Jurassic subduction and arc volca-
nism (Thorkelson et al., 1995). Processes contributing to
tectonic subsidence probably include thermal subsidence fol-
lowing magmatic episodes (cf. Karig and Moore, 1975), cal-
dera formation, and general crustal foundering during rapid
evisceration of subvolcanic magma chambers.

One major similarity between the Cold Fish Volcanics
and upper Cenozoic volcanic successions in the southwestern
United States is mafic-felsic bimodality. As with the Cold
Fish Volcanics, mafic lavas in many of the United States
fields erupted along with rhyolite, including high-silica varie-
ties (Lipman, 1975; Steven et al., 1984; Ratte et al., 1984).
Also, deposition of the successions in the United States was
broadly contemporaneous with regional extension (Best and
Christiansen, 1991; Armstrong and Ward, 1991). Locally,
synchronous block faulting controlled patterns and facies of
deposition (Gans et al., 1989; Ingersol et al., 1990), with the
associated development of numerous calderas and eruption of
voluminous pyroclastic flows (e.g. Christiansen, 1979; Best
et al., 1989).

Definition of type locality. Defining the Cold Fish
Volcanics as a formal stratigraphic unit in this report requires
a type section or locality, in accordance with the North Amer-
ican Stratigraphic Code (1983). No single section adequately
represents the Cold Fish Volcanics, therefore a type locality is
preferred. The locality selected is the central part of the
Nation district, embracing stratigraphic sections b, g, and i
(Fig. 15). Strata in this locality are varied and include both
mafic-dominated facies (section i, Fig. 15) and rhyo-
lite-dominated facies (section g, Fig. 15). Most were depos-
ited subaerially, although thin, limestone and shale horizons
representing transient marine conditions are also present. The
southern flank of this locality, represented by section b
(Fig. 15), is conformably overlain by younger Hazelton
Group marine sedimentary rocks. Rocks from the type local-
ity have yielded early Pliensbachian ammonites and other
fossils (section i, Fig. 15), and two U-Pb isotopic ages (sec-
tion g, Fig. 15). Exposure of rock units in the type area is
excellent. A detailed map of the Nation district was drawn by
Thorkelson (1992).

Synthesis of physical volcanology. The Cold Fish
Volcanics accumulated as a compositionally bimodal volca-
nic succession in a mainly subaerial environment. The mor-
phology and environments of deposition of the Cold Fish
Volcanics can be inferred from the nature and relative abun-
dance of the various lithotypes which form the succession. A
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lithosphere-scale figure (Fig. 25) provides a generalized view
of the proposed volcanic and plutonic features, and includes a
speculative depiction of magmatic and structural features in
the lithospheric column beneath the volcanic succession. A
broader tectonic model is discussed under the heading
‘Regional tectonic framework’. The most significant general
aspect is the purely magmatic (volcanic and intrusive) origin
of most of the strata; only a very small proportion of the suc-
cession volume, probably about 1%, is made up of epiclastic
and bioclastic rocks. Lahar is scarce, and the paucity of this
deposit type contrasts with its high abundance in steep-
flanked stratovolcanic sequences that typify volcanic arcs.
The near-absence of lahar implies that the volcanic edifices
were gently sloping and may have been low in elevation. The
near-absence of nonvolcanic rocks indicates that the succes-
sion, as exposed, represents proximal volcanic environments,
i.e. near the sites of eruption.

Two lines of evidence corroborate the suggestion of a
low-profile, topographically low volcanic field. Firstly,
deposit types such as felsic lavas and coarse volcanic breccia,
that tend to pile up near eruptive vents and contribute to the
development of steep cones, are not abundant. Although
rocks of rhyolitic composition are plentiful, they were mainly
emplaced as ash-rich air-fall tuff, pyroclastic flows, and sills
with low angles of taper. Secondly, the Cold Fish Volcanics
succession underwent hundreds of metres of subsidence
during its deposition, as indicated by thin beds of limestone
and other marine rocks within mainly subaerial sequences.
This subsidence kept the succession from accumulating to
high elevations.

The Cold Fish Volcanics can be divided into two geo-
graphically distinct volcanic facies. The intracaldera facies,
located in the southeastern part of the study area (Will dis-
trict), consists of strata which are almost entirely rhyolitic in
composition. Rock types include thick sills, ignimbrite
sheets, beds of air-fall tuff, and minor mafic lava. The
Spatsizi River Stock, also of rhyolitic chemical composition,
is spatially and genetically linked to rocks of this facies. The
intracaldera facies is interpreted to have formed within a large
caldera (Will caldera), at least 14 km in diameter, that under-
went multiple periods of ash-rich eruptions, caldera founder-
ing, sill injections, and resurgence. These events were
probably linked to cycles of recharge and evisceration of a
large subvolcanic magma chamber.

The extracaldera facies extends throughout the other dis-
tricts and is characterized by a compositionally mixed assem-
blage representing the subaerial eruption and deposition of
mafic lava flows, emplacement of rhyolitic sills, and deposi-
tion of air-fall tuff and ignimbrite. The predominantly
subaerial conditions were punctuated by occasional deposi-
tion of epiclastic rocks, limestone, aquagene tuff, and subma-
rine lava. The extracaldera facies contrasts with the
intracaldera facies mainly through a greater abundance of
basaltic and andesitic lava flows and a lower proportion of
rhyolitic sills. An increase in the proportion of mafic rocks in
the extracaldera facies is apparent to the northwest, away
from the intracaldera facies, reflecting greater distance from
the centre of felsic magmatism. A prominent vertical change
is evident at the top of the extracaldera facies in the central

49

A

B

C

Will caldera

30
km

25 km

East

MOHO

West

R
G

F

Figure 25. Inferred magmatic and tectonic setting of part of
the Cold Fish Volcanics. Basaltic magma (solid black) is gen-
erated by partial fusion of the upper mantle (in the vicinity of
point A) as a result of subduction-induced metasomatism,
and decompression melting of rising crust (Moho), transfers
heat to the lower crust, evolves to less magnesian composi-
tions, and rises through conduits to shallower depths.
Anatexis of crustal rocks, which may be partly Precambrian,
produces rhyolitic melts (point B), which rise toward the sur-
face. Mafic and rhyolitic magmas pool and evolve in the
upper crust, near the Red Goat Fault (RGF), in a large zoned
chamber (C) beneath the Will caldera. To the west (in present
geographic orientation), mafic magma feeds a gently sloping
composite volcano. Cauldron subsidence occurs synchro-
nously with Plinian eruptions that lead to deposition of
rhyolitic ignimbrite sheets and air-fall tuff, and subsequent
emplacement of relatively anhydrous sills. Timing of eruption
and related cauldron subsidence are partly controlled by
magmatic fluxes and volatile accumulation, and partly by
seismicity and episodic displacements along the Red Goat
Fault.



and southern parts of the study area where mixed mafic and
rhyolitic rocks are capped by deposits of rhyolitic ignimbrite.
This ignimbritic cap represents the last of several major,
explosive volcanic eruptions that probably emanated from
vents along the caldera margin.

The mafic lavas were deposited mainly as pahoehoe
flows, 10–35 m thick. Many of the flows have reddened,
fine-grained (chilled) flow bottoms, 0.5–1 m thick that typi-
cally contain granules of rock, presumably derived from the
underlying tuffaceous strata, the top of an underlying flow, or
possibly soil. Although soil horizons were not positively
identified, their local development seems likely, especially in
light of the fossilized wood found in silty Cold Fish Volcanics
limestone. Above the flow bottoms, the lavas are generally
maroon or grey and commonly grade upward from nonamygda-
loidal to amygdaloidal textures. The top metre or two of many
flows is highly amygdaloidal, and maroon flow-top breccia
deposits hosting pebble- to cobble-sized clasts of scoria are
locally present. Where exposure is exceptional, ropey surface
features are visible. The textural features of these lavas, and
their mainly mafic, moderately alkaline compositions, indi-
cate that they had low viscosities, and probably flowed like
modern Hawaiian basalts.

Mafic dykes which crosscut the succession have a wide
variety of orientations, and are interpreted as feeders to the
mafic flows. Where they are most abundant, in the Nation dis-
trict near sections c and d (Fig. 15), they occur as a north-
northwesterly trending swarm. This swarm marks the loca-
tion of a major fissure system related to east-northeasterly
crustal dilation.

The tuffaceous rocks were deposited by both ash-fall and
ash-flow processes. The former resulted in the deposition of
stratified pyroclastic rocks, principally ash tuffs, crystal-ash
tuffs and tuff-breccia deposits. Ash-flow processes would
have led to deposition of ignimbrite bodies characterized by
nonstratified and poorly sorted ash, crystals, and lithic frag-
ments. Where thick and hot, the ignimbrite bodies degassed
as glass shards and pumice fragments, deformed in a ductile
manner, and welded together. Some of the ash-fall and ignim-
brite deposits may have originated from vents in the strato-
volcano and extracaldera facies, but the more extensive and
thicker deposits were probably generated during large, ash-
forming eruptions of the Will caldera.

The rhyolitic sills, which contain few vesicles, represent
voluminous injections of gas-poor magma along bedding
planes. Sill emplacement transferred magma from beneath to
within the volcanic succession, inflating the volcanic pile by
up to 75%. The gas-poor nature of the sills probably reflects
depletion of gas from an underlying magma chamber during
eruption of ash clouds and emplacement of ignimbrite flows.
Events of sill emplacement, therefore, are likely to have taken
place after major eruptive events. Emplacement was broadly
contemporaneous with volcanism. Some of the sills are cross-
cut by mafic and/or rhyolitic Cold Fish Volcanics dykes, but
overlie other mafic and rhyolitic eruptive rocks, indicating
that mafic and felsic volcanism occurred before and after sill
emplacement. Other sills, particularly those at high strati-
graphic levels, may be completely younger than the volcanic

pile into which they were injected. Nevertheless, their
emplacement would have occurred shortly after cessation of
eruptive activity, because conformably overlying sedimen-
tary rocks of the Spatsizi Formation do not host Cold Fish
Volcanics sills.

Petrography of mafic to intermediate lava. The primary
(magmatic) phenocryst mineral assemblages of mafic (and
subordinate intermediate) Cold Fish lava flows are domi-
nated by plagioclase, olivine, and augite (Appendix 2).
Phenocrysts of (?)magnetite and apatite are generally scarce,
with apatite appearing in only the most evolved mafic flows.
Groundmass mineral assemblages, dominated by plagio-
clase, are similar to those of the phenocrysts; however, the
relative abundances of magnetite and augite are greater in the
groundmass and the relative abundance of olivine is lesser in
groundmass than in phenocryst populations. Devitrified glass
is either absent, or constitutes only a few per cent of rock
modes.

Plagioclase is ubiquitous in the mafic lavas. It is also the
most abundant phenocryst mineral, typically representing
3–20% of rock volume. The grains range from 0.5–8 mm in
length and vary from virtually unaltered to highly
saussuritized. The larger grains are typically bladed or tabu-
lar, whereas the smaller grains are generally lathlike or of
stubby prismatic habit. Compositions of An65 to An86 (mole
per cent) were determined for phenocrysts in some samples,
by either optical microscopy or electron microprobe. Large
grains are commonly zoned, either normally, or in oscilla-
tions with a generally normal trend. Although plagioclase
phenocrysts are euhedral in most samples, in some rocks they
are subhedral to anhedral, and appear to have been corroded.
Plagioclase grains tend to be isolated (surrounded mainly by
groundmass), but in some lavas they form glomerocrysts with
augite and/or olivine, and rarely magnetite. In some samples,
pilotaxitic to hyalopilitic (flow-alignment) textures are
defined by alignment of phenocrysts and/or microlites of
plagioclase.

Augite phenocrysts are almost always lower in abundance
than those of plagioclase and are absent in some of the lavas.
They are typically unaltered, or weakly altered along crystal
faces, fractures, and cleavage planes to chlorite and/or iron
oxides. They range from 0.5–3 mm and from En70 to En86
(mole per cent; determinations by electron microprobe).
Their habit is generally stubby prismatic and they occur as
individual to glomerocrystic grains. Less commonly, they are
present as interstitial crystals among phenocrysts of
plagioclase±olivine (Fig. 26a), giving rise, in some cases, to
subophitic texture. Individual and glomerocrystic grains of
augite are commonly subhedral to anhedral (Fig. 26b). Many
are embayed and occur in contact with smaller grains of
(?)magnetite. Apparently, early-formed grains of augite were
partially resorbed and occasionally partially replaced by
magnetite, in response to changing pressure, temperature, or
composition of the magma.

Olivine phenocrysts are typically euhedral and have been
completely pseudomorphed by one or more mineral species,
including iddingsite, serpentine, and magnetite (Fig. 26c).
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Olivine is generally less abundant than plagioclase and com-
monly about equal in abundance with augite. Olivine tends to
be less abundant than augite, or absent, in the more evolved
(intermediate) lavas.

Rock textures vary from amygdaloidal to nonamygda-
loidal, highly porphyritic to nearly aphyric, and flow-aligned
(pilotaxitic to devitrified hyalopilitic) to randomly oriented.
Vesicles of amygdaloidal varieties host secondary minerals
of low (generally zeolite) metamorphic grade such as
heulandite, chlorite, celadonite, pumpellyite, epidote, calcite,

and quartz. Flow alignment is most often developed by
plagioclase microlites (0.1–0.5 mm long), although larger
plagioclase grains also tend to be aligned if they are bladed or
tabular with high aspect ratios.

A generalized paragenetic sequence of mineral crystalli-
zation is inferred from the textures in lava flows of mafic to
intermediate compositions. Cold Fish Volcanics mafic
magma seems to have undergone: early precipitation of
augite+plagioclase; followed by resorption of augite, precipi-
tation of olivine, and either resorption, or more typically
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Figure 26.

Photomicrographs of the Cold
Fish Volcanics. a) Basalt (chemical
sample 87-156-2): generally
euhedral plagioclase (Pl) grains
(early formed) with saussuritized
cores, and interstitial (late
formed) augite (At). Plane-polar-
ized light. b) Basalt (chemical
sample 86-5-2): anhedral (cor-
roded) augite (At) and altered
olivine (Ol) phenocrysts in ground-
mass dominated by plagioclase
and augite. Crossed-polarized
light. c) Basalt (chemical sample
86-78-4): euhedral olivine (Ol)
phenocrysts (pseudomorphed by
(?)magnetite) and tiny plagioclase
(Pl) phenocrysts set in pilotaxitic
groundmass of plagioclase,
(?)magnetite, augite, and oxide-
pseudomorphed olivine. Plane-
polarized light. d) Flowbanded
rhyolitic sill: phenocryst of
orthoclase microperthite (Or),
partially replaced by granular
rutile (R). Plane-polarized light.
e) Accretionary lapilli tuff:
unbroken lapilli (top) overlies
ash and fragments of lapilli.
Plane-polarized light. f) Partly
welded air-fall tuff: collapsed
and chloritized pumice fragment
(F) within matrix dominated by
undeformed, partially devitrified
shards (see arrows). Plane-
polarized light.



growth of plagioclase; followed by crystallization of plagio-
clase, augite, magnetite, and apatite. This order reflects min-
eral textures within individual flows, and the overall trend of
crystallization from more primitive to more evolved magma
compositions.

Early augite growth is indicated by the presence of cor-
roded augite in many of the samples, where it occurs along-
side euhedral olivine and euhedral to anhedral plagioclase.
Moreover, augite occurs with plagioclase and/or olivine in
some of the most primitive samples. Particularly relevant is
the presence of euhedral augite and plagioclase, but no oliv-
ine, in the second most primitive lava (sample 86-44-5: Mg#
= 64.5; Appendix 2). These relationships can be explained by
polybaric crystallization (cf. Frey et al., 1990), initiated by
precipitation of augite and plagioclase from primary or
near-primary magma deep in Stikinian lithosphere, at high
pressure (under high pressure, pyroxene tends to crystallize
before olivine; Presnall et al. (1978), Basaltic Volcanism
Study Project (1981), Meen (1987, 1990)). After a small
degree of fractionation, the residual, but still primitive
magma rises through the lithosphere, with its entrained
phenocrysts of augite and plagioclase, and pools in
higher-level magma chambers. Under these conditions of
reduced pressure, olivine replaces augite as the stable ferro-
magnesian liquidus phase, and entrained augite undergoes
resorption. In some cases, plagioclase is also corroded. The
higher-level magma subsequently differentiates through
fractionation of olivine and plagioclase, and augite grows as
the third phase in the crystallization sequence. As the magma
evolves to more siliceous compositions, augite replaces oliv-
ine as the principal Fe-Mg-silicate mineral; magnetite and
apatite also form. Trace-element characteristics corroborate
the inference of augite, plagioclase, olivine, magnetite, and
apatite fractionation, except that plagioclase fractionation
appears to have been mainly restricted to evolved andesitic
magmas (Thorkelson, 1992).

The actual magmatic history of mafic Cold Fish
Volcanics rocks was certainly more complex than the forego-
ing, simple depiction. Processes such as recurrent magma
chamber replenishment and assimilation of country rocks are
likely to have played major roles in the evolution of magma
compositions and phase relations. Evidence for assimilation
comes from rare, corroded quartz xenocrysts. Magma cham-
ber recharge is inferred from chemical variability and the
absence of consistently more evolved compositions with
increasing stratigraphic level (Thorkelson, 1992).

Petrography of rhyolitic rocks. Cold Fish rhyolite bodies
are texturally varied, but mineralogically rather uniform. The
crystallinity of sills (and possibly flows) and pyroclastic
rocks are similar, generally ranging from 5% to 20%.
Phenocryst mineralogy is dominated by grains of
microperthitic orthoclase, 0.5–4 mm long, and to a lesser
degree, albitic plagioclase (0.5–3 mm). Trace amounts of
magnetite, biotite, pyrite, zircon, and anatase are present in
some samples. Cassiterite or rutile is a locally prominent trace
phase, occurring mainly as granular crystals (<0.1 mm)
within orthoclase microperthite (Fig. 26d), and more rarely as

a separate phase in matrix, groundmass, vesicles, or
miarolitic cavities. Phenocrysts of quartz (or its polymorphs)
were not observed in any of the samples, although flowbands
in some of the sills are highly siliceous and resemble
extremely flattened amygdales or planar quartz gashes where
they are filled by drusy quartz. Groundmass in nonfragmental
rocks is composed primarily of spherulitic and snow-
flake-texture intergrowths of K-feldspar and quartz. These
textures developed in rapidly cooling liquid, or in volcanic
glass. Originally a major constituent of the rhyolitic rocks,
glass has been almost entirely devitrified. It survives, rarely,
in some sills and tuffaceous rocks. In some rocks, vesicles or
miarolitic cavities are filled by granular quartz.

The most common textures in the nonfragmental rocks are
flowbands and spherulites. They commonly occur together,
with trains of spherulites conforming to the earlier-formed
flow texture. In pyroclastic rocks, features vary from flattened
shards and compressed pumice fragments in welded
ignimbrite, to uncompacted, angular textures in vuggy, poorly
indurated breccia, to accretionary lapilli (Fig. 26e).

One of the most intriguing textures that has been observed
occurs in a thinly bedded (5–50 cm), tuffaceous sequence of
the Nation district (900–1050 m interval of section i, Fig. 15).
Changes within and among the beds include: sorting of grain
sizes, from mixtures of dust and ash, to lapilli and ash;
changes in colour from green to red; changes in the abun-
dance of feldspar crystals; and changes in the degree of flat-
tening of pumiceous lapilli. These variations, and the general
appearance of stratification, indicate that the tuffs were not
deposited from pyroclastic flows. Rather, they probably
accumulated as air-fall deposits. The collapse of pumice frag-
ments to form fiamme, however, indicates that the tephra was
very hot when deposited, and had not undergone extensive
cooling during its descent from a high-altitude eruption
cloud. Instead, the tuff probably formed from showers of
incandescent ejecta which followed arcuate, ballistic trajec-
tories from a nearby eruptive vent. Welded air-fall tuffs,
although not common, have been recognized in several
Quaternary volcanoes (for review, see Cas and Wright
(1987)). The most striking aspect of these tuffs is the contrast-
ing appearance of thick-walled glass shards and highly flat-
tened pumice clasts in the same hand sample (Fig. 26f). The
fiamme are chloritized, whereas the thick-walled shards are
simply devitrified. These differences could perhaps be
explained by relating the degree of deformation and alteration
to thinness of the glass walls, but seem to be more consistent
with contrasting chemical compositions. If, for example, the
pumice clasts were less siliceous and richer in FeO, MgO, and
other oxides than the thick-walled shards, they would tend to
be less viscous (and would deform more readily) and have a
greater tendency to alter to chlorite. These partly welded tuffs
may, therefore, record the simultaneous eruption of two
compositionally distinct magma types (cf. Blake, 1981),
resulting in the deposition of rheologically bimodal glass.
That possibility has implications for chemical zonation in
Cold Fish Volcanics magma chambers, and mechanisms of
eruption, and could be further investigated through the
determination of clast compositions by electron microprobe
analysis.
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Spatsizi Formation (unit <HSU, <HSJ, <HSW, <HSM,
<HSQ). The Cold Fish and Mount Brock volcanic successions
are broadly coeval with sandstone, siltstone, shale, tuffaceous
siltstone, and conglomerate (Gabrielse and Tipper, 1984; Smith
et al., 1984; Thomson et al., 1986). Where the sedimentary
rocks dominate a given succession, the succession has been
mapped as Spatsizi Formation of the Hazelton Group. Where
sedimentary rocks are subordinate to volcanic strata, they are
regarded as sedimentary members of the volcanic pile. These
strata were recognized as underlying, and distinct from, Bow-
ser Lake Group by Gabrielse and Tipper (1984) and Smith et al.
(1984). On the basis of detailed biostratigraphy and
lithostratigraphy in the Joan Lake area, Thomson et al. (1986)
divided a thick (>700 m) sedimentary succession that overlies
the Cold Fish Volcanics into five formations which comprise
the Spatsizi Group. The lowest is lower Pliensbachian, and the
highest is lower Bajocian. The division of units in this report
follows closely that proposed by Thomson et al. (1986) except
the former “Spatsizi Group” of Thomson et al. (1986) and its
constituent formations are dropped in status to Spatsizi Forma-
tion and constituent members. An explanation for this revision
follows description of the units.

Spatsizi Formation in Joan Lake area. Strata studied in
detail and mapped at 1:25 000 by Thomson et al. (1986) are
exposed in the core of the Joan Lake Anticline. Seven hun-
dred and thirty metres of strata overlie Pliensbachian Cold
Fish Volcanics and underlie Bathonian Bowser Lake Group.
The unit consists of mainly fine-grained, marine clastic sedi-
mentary rock with minor conglomerate, limestone, and
fine-grained, possibly tuffaceous layers. It underlies about
30 km2 in the Joan Lake area. Definition and detailed descrip-
tion of the units presented by Thomson et al. (1986) are sum-
marized briefly below. Discussion of Pliensbachian
biostratigraphy and ammonite fauna were given by Thomson
and Smith (1992).

Joan Member (former “Joan Formation” of Thomson
et al. (1986)). The type section of the Joan Member is 500 m
east of the south end of Joan Lake (Map 2033A). It occurs
sporadically at the base of the Spatsizi Formation, and reaches a
maximum thickness of 60 m. The base is conformable with
underlying Cold Fish Volcanics and is locally marked by up
to 8 m of pebble to boulder conglomerate. Above, the unit is
mainly medium-bedded, quartz siltstone, with minor
mudstone and limestone. Its age is early Pliensbachian based
on ammonite fauna, and it is inferred to have been deposited
in shallow to moderate water depth (Thomson et al., 1986).

Wolf Den Member (former “Wolf Den Formation” of
Thomson et al. (1986)). The type section of the Wolf Den
Member is 500 m east of the south end of Joan Lake, above the
type Joan Member. The unit is exposed continuously in the
Joan Lake area, and reaches a maximum thickness of 300 m.
The base is conformable with the Joan Member, and marked by
a change from resistant siltstone of the lower member to reces-
sive dark grey to black, fissile shale. Calcareous concretionary
beds and tuffaceous beds are minor constituents. Ammonites

from the unit range from late Pliensbachian to middle
Toarcian. The change from siltstone of the Joan Member to
fissile, dark shale of the Wolf Den Member is interpreted by
Thomson et al. (1986) to be a result of increased water depth.

Mellison Member (former “Mellison Formation” of
Thomson et al. (1986)). The type section of the Mellison
Member is 500 m east of the south end of Joan Lake, above
the type Wolf Den Member. The unit occurs only on the north
side of the Joan Lake Anticline, where it reaches a maximum
thickness of 130 m. The base is marked by the change from
shale of the Wolf Den Member to the first bed of siltstone typ-
ical of the Mellison Member. The two rock types are interbed-
ded for up to 8 m at the base of the Mellison Member. Above,
the unit is mainly resistant, medium-bedded, siliceous to cal-
careous siltstone and fine-grained sandstone; silty calc-
arenite beds are minor. Age is restricted to late-middle to
(?)late Toarcian, based on middle Toarcian ammonites at the
top of the underlying Wolf Den Member and late Toarcian to
Aalenian fossils in the overlying Abou Member. Decreased
water depth is inferred from faunal content and increase in
grain size (Thomson et al., 1986). Absence of the member
locally is believed to be a result of shoaling and erosion
(Thomson et al., 1986).

Abou Member (former “Abou Formation” of Thomson
et al. (1986)). Type section of Abou Member is 5.5 km west of
Joan Lake, in a 3 km long belt up to 25 m thick on the south
side of the Joan Lake Anticline. This laterally restricted expo-
sure is the only Abou Member known. The base of the unit is
stated to be an erosional unconformity on the Mellison Member
(Thomson et al., 1986), perhaps to explain the absence of
Mellison Member beneath it. In contrast to the Mellison
Member, the Abou Member is composed of calcareous to sili-
ceous organic shale. The member is (?)late Toarcian to
Aalenian based on ammonites and bivalves. The Abou Member
was inferred to mark a change to deep-water deposition
following shoaling that resulted in erosion of the Mellison
Member (Thomson et al., 1986).

Quock Member (former “Quock Formation” of Thomson
et al. (1986)). The type locality of the Quock Member is east
of Joan Lake, above the type Mellison Member. The Quock
Member is laterally continuous and widespread in the Joan
Lake area, reaching up to 200 m thick. It is the most easily
recognized unit, with a rusty-weathering appearance from a
distance, and distinguished in outcrop by laminated to
thin-bedded, varicoloured tuffaceous shale. The striped light
and dark appearance of these rocks earned them the field
name ‘pyjama beds’ in regions surrounding the Bowser
Basin. The light-coloured layers are probably tuffaceous.
Age of the Quock Member is early Bajocian based on belem-
nites and ammonites.

Spatsizi Formation outside the Joan Lake area. Beyond
the Joan Lake area Spatsizi Formation occurs in the hanging
wall of the Denkladia Fault, near Sunday Pass, south of
Nation Peak, in the Ice Box Canyon region, west of Mount
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Brock, and in the vicinity of Todagin Mountain. None of
these areas have the complete section represented at Joan
Lake. In some areas structural complexity is the cause, but in
other areas the unit was probably originally thin and incom-
plete. In these areas it is also poorly exposed. At Todagin
Mountain and Ice Box Canyon, for example, talus of siliceous
shale of ‘pyjama beds’ indicates presence of the Quock Member,
but talus or outcrop of other members could not be identified.
Outcrops of Bowser Lake Group and Cold Fish Volcanics,
however, limit the thickness of the intervening, poorly
exposed interval of Spatsizi Formation to 150 m or less at
these areas. The thickest and most complete succession
appears to be in the hanging wall of the Denkladia Fault,
where about 300 m of the formation overlies Cold Fish
Volcanics and is overlain by Bowser Lake Group. This area
was not examined in detail, but distinctive weathering of the
Quock Member could be distinguished from underlying
strata. In all other areas the unit is mapped as undivided
Spatsizi Formation.

Beneath the western margin of the Mount Brock volcanics
are 350–600 m of fossiliferous sedimentary strata and inter-
calated marine volcanic rocks (“section 1” of Smith et al.
(1984); section “Z” of Thomson et al. (1986); Read and
Psutka (1990)). This marine succession nonconformably
overlies granitoid rocks of the Triassic Railway pluton (Read
and Psutka, 1990). Biostratigraphic analysis by Smith et al.
(1984) indicated that the lower part of the section is broadly
Early Jurassic, and that the middle and upper parts are late
Pliensbachian, and early Toarcian, respectively, but rock
types are not the same as coeval strata in the Joan Lake area
(Thomson et al. (1986); Appendix 1). Whether or not some of
the strata in the lower part of the succession are early
Pliensbachian, and coeval with the Cold Fish Volcanics, is
unknown. These strata are overlain by the Toarcian Mount
Brock volcanics.

Discussion of revision in nomenclature status of Spatsizi
Formation Recognition of a widespread sedimentary unit
between volcanic rocks of Hazelton Group and sedimentary
rocks of Bowser Lake Group provides a useful local division
among the varied volcanic and sedimentary strata in Spatsizi
River map area. Status at group level, however, is problem-
atic because it introduces inconsistencies in regional nomen-
clature, it is not justified on lithological grounds, and the area
of distribution for most of the constituent units is highly
restricted. Each of these issues is discussed below.

The most comprehensive and widely accepted definition
of the Hazelton Group was made by Tipper and Richards
(1976) on the basis of studies in three 1:250 000-scale map
areas along the southeastern margin of the Bowser Basin
(Fig. 7). There, the Hazelton Group is regarded as a Early and
Middle Jurassic volcanic and sedimentary succession that
formed prior to deposition of the Bowser Lake Group. Many
authors adopted this broad definition, and applied it to coeval
volcanic and sedimentary strata from other regions, including
Spatsizi River area. In this definition the Hazelton Group
includes lithologically and chemically diverse volcanic suc-
cessions, and highly variable sedimentary sequences. Clastic
rocks above, or laterally equivalent to the upper volcanic

rocks, in the same stratigraphic position of the Spatsizi
Formation, are considered formations of the Hazelton Group.
One example is the Salmon River Formation along the west
side of the Bowser Basin (e.g. Anderson, 1993). Recognition
of a sedimentary group separate from the Hazelton Group
introduces inconsistencies in regional nomenclature, and
therefore difficulty in relating the Jurassic volcano-sedimen-
tary succession in Spatsizi River area to those elsewhere on
Stikinia. The most striking example is the most prominent
unit, the Quock Member, which is lithologically identical to
successions of banded, tuffaceous siltstone (‘pyjama beds’)
assigned to the Hazelton Group in other areas.

Differences in sedimentary character, such as colour,
induration, bedding, or grain size, between Spatsizi clastic
rocks and the underlying volcanic rocks are no more striking
than the contrasts in volcanic character among the disparate
and varied volcanic successions of the Hazelton Group, and
are therefore not considered valid arguments for exclusion of
Spatsizi Formation from Hazelton Group. Inclusion of
‘pyjama beds’ (Quock Member) in the Hazelton Group else-
where around the Bowser Basin is an example.

The final reason for reduction in status of the former for-
mations to members is that the area in which they can be rec-
ognized as separate entities is restricted to the 30 km2 Joan
Lake area. Even within that area, the Abou and Joan units are
discontinuous and limited to 1 km2 or less each, and the
Mellison Member is restricted to the northern flank of the
Joan Lake Anticline. Only the Quock Member was recog-
nized beyond the Joan Lake area. The restricted distribution
of most of the units does not satisfy the requirement of a for-
mation to be regionally mappable (North American Strati-
graphic Code, 1983).

Considering that most of the members do not satisfy the
conditions of formation status, and that clastic rocks in an
equivalent stratigraphic position elsewhere around the Bowser
Basin are formations of the Hazelton Group, we recommend
demotion of the Spatsizi Group to Spatsizi Formation (of the
Hazelton Group), and demotion of the constituent formations
to members.

Paleogeographic and tectonic interpretation The Spatsizi
Formation, and its sedimentary precursors within the Cold
Fish Volcanics, were deposited among volcanic successions
of the Hazelton Group in a tectonically active marine basin of
variable depth and basement character. In its type area, and
possibly elsewhere in its region of deposition, basin forma-
tion was generated through subsidence and, to a small degree,
by eustatic sea-level rise (Thorkelson et al., 1995).

Facies transitions and thinning of the succession were
used to infer that the basin shallowed to the north where the
Spatsizi Formation laps onto the topographically positive
Stikine Arch (Thomson et al., 1986). Local variations in basin
depth were controlled by the locations of volcanic accumula-
tions. For example, in the Brock district, Spatsizi Formation
sedimentation was supplanted by deposition of the mainly
subaerial Mount Brock volcanics, whereas coeval (Toarcian)
strata in Joan Lake area are marine siliceous siltstone. Shoal-
ing and erosion of these siliceous strata (Mellison Member) in

54



the middle to late Toarcian, resulted in the pre-Aalenian
unconformity (underlying the Abou Member)(Thomson
et al., 1986) and was possibly caused by thermally driven
emergence related to Mount Brock magmatism. Anaerobic
conditions, high organic content, and deep-water environ-
ment for the Abou Member (Thomson et al., 1986) were con-
sidered by Ricketts et al. (1992) to be indicative of the
starved-basin phase of flexural subsidence resulting from
incipient obduction of Cache Creek Terrane on Stikinia,
which eventually led to deposition of the Bowser Lake
Group. Between the Aalenian starved-basin phase of subsi-
dence, and widespread Bathonian deposition of Bowser Lake
Group, was a period of deposition of the most proximal Bowser
Lake Group in Cry Lake map area, minor volcanism in north-
ernmost Spatsizi River map area, and deposition of the sili-
ceous (probable tuffaceous) Quock Member farther south.
The probable tuffaceous component of the Quock Member
may be related to this volcanism.

Thomson et al. (1986) highlighted the mixed Tethyan–
Boreal nature of Pliensbachian ammonite faunas, and their
value in paleogeographic reconstructions. The east-west
boundary between Tethyan and Boreal zones, represented by
the mixed fauna in Spatsizi River map area is interpreted to
have been displaced northward 1800 km along
terrane-bounding faults since the Pliensbachian (Tipper,
1981; Taylor et al.,1984; Smith and Tipper, 1986).

Mount Brock volcanics (unit <HMf, <HMm). The Mount
Brock succession (originally named the “Brock volcanics” by
Read and Psutka (1990)) is the youngest of the three Hazelton
Group volcanic piles in the Griffith to Brock districts.
Located in the northwestern part of the district, it strongly
resembles the Cold Fish Volcanics, comprising over 4000 m
(Read and Psutka, 1990) of mafic to intermediate lava flows
and subordinate felsic pyroclastic rocks. It was divided by
Read and Psutka (1990) into nine lithological units of green
volcanic rocks; maroon-grey volcanic rocks; lenses of pink
flow-layered rhyodacite; lenses of grey or light grey
bioclastic limestone; and green or interbedded maroon and
green, tuffaceous sedimentary rock. At 1:250 000 scale it is
divided into two units, one of dominantly mafic and interme-
diate lava flows (unit <HMm), and the other of dominantly
felsic volcaniclastic rocks (unit <HMf). The succession was
deposited in a mainly subaerial environment, as inferred from
the reddened margins of lava flows and dense welding in
pyroclastic flow deposits. Thin intervals of marine sedimen-
tary and volcanic rocks, including pillow lava, siltstone,
sandstone, and limestone, are interbedded with the subaerial
rocks. In a small part of the southwestern Brock district, for
example, siltstone fills interpillow interstices of a mafic pil-
low lava sequence. In other areas, particularly in the eastern
Brock district, laterally extensive interbeds of fossiliferous
limestone are present (Read and Psutka, 1990).

Phenocryst assemblages in the Mount Brock lavas are
dominated by plagioclase, with subordinate olivine and augite.
Olivine has been altered to iddingsite, magnetite, and serpen-
tine. Plagioclase is variably altered to sericite and epidote, and
augite is relatively unaltered. In one unusual lava, hornblende
phenocrysts, altered to opaque oxide minerals, occupy 5% of

rock volume. In another, biotite, altered to chlorite and mag-
netite, is present in trace amounts. Magnetite is common as a
groundmass mineral, along with plagioclase, augite, and oliv-
ine, but is rare as a phenocryst. Apatite is common as a
chadacryst in plagioclase and is a minor constituent of
groundmass. Granular cassiterite or rutile grains were
observed in one sample. Textures vary from felted to
pilotaxitic, hyalopilitic (devitrified), and diktytaxitic.

The Mount Brock volcanics conformably overlie Spatsizi
Formation of late Pliensbachian, or older, (P.L. Smith, pers.
comm., 1990) to Toarcian age (Read and Psutka (1990);
Appendix 1) and its top is not exposed. It is considered to be a
dominantly Toarcian unit because strata about 100 m and
400 m above the base contain ammonites of early and
mid-Toarcian age, respectively, and strata estimated to be
4000 m above the base are probably Toarcian (Read and
Psutka, 1990). The volcanic rocks are intruded by the
McEwan Creek pluton, dated at 183.5 ± 0.5 Ma (U-Pb zircon;
Evenchick and McNicoll (1993)). Its intrusive relationship
with the volcanic rocks helps refine the minimum age of the
lower boundary of the Toarcian stage (Evenchick and
McNicoll, 1993).

The lowest Mount Brock volcanics were conformably
deposited on, or gradationally deposited within, an late
Pliensbachian to early Toarcian, shallow-marine sedimentary
succession. Aggradation (and possibly uplift) produced
subaerial conditions within metres or tens of metres of the
base, which were occasionally replaced by shallow-marine
conditions of short-lived oceanic transgressions during depo-
sition of the lower 500 m of section. Subsequently, through
the early Toarcian and into the middle Toarcian, subaerial
conditions prevailed during accumulation of a thick,
subaerial succession and were only rarely interrupted by
marine transgressions. Some marine sediments were
deposited above at least 2000 m of mainly subaerial volcanic
rocks. Composed predominantly of lava flows of mainly
andesitic and dacitic composition (Appendix 2), and devoid
of lahar, the succession probably formed on the flanks of a
moderately sloping volcano. The marine interbeds indicate
that the succession was subsiding as it was accumulating, so
that perhaps only a few hundred metres of the volcano were
above sea level at any given time. Syndepositional subsi-
dence, as noted for the Cold Fish Volcanics, was assumed to
have been related to regional extensional faulting.

Hazelton Group west of the Griffith to Brock district. Most of
the Hazelton Group in Spatsizi River area occurs within the
region studied in detail by Thorkelson (described above). It
also occurs in three areas to the west, where it is divided into
lithological units. On and east of Ehahcezetle Mountain, Read
(1984) mapped maroon, grey, and green, aphyric to por-
phyritic breccia, tuff, and flows. Ash et al. (1997b) included
all rock types there in a unit of andesite volcanic breccia and
derived epiclastic rocks. Green andesite is intruded by small,
Early Jurassic granitoid stocks and dykes, but maroon ande-
site may nonconformably overlie the intrusions (Read, 1984).
The second area, north and south of Thatue Mountain, has
small outcrop areas of strata similar to those on Ehahcezetle
Mountain (Read, 1984; Ash et al., 1997b). The third area,
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5 km west-southwest of Todagin Mountain, hosts a bimodal,
basalt-rhyolite succession that faces southwest, is 700–1000 m
thick, and includes volcaniclastic and epiclastic rocks
(Evenchick and Green, 1990; Ash et al., 1997b). The location
and nature of the contact of these strata with Triassic rocks is
poorly known. Basalt occurs as massive flows and pillow brec-
cia, and pillowed flows; felsic rocks are ash, dust tuff, lapilli
tuff-breccia, and massive flows. Near the lower part of the sec-
tion, 200–300 m of laminated siltstone and fine-grained sand-
stone thinly interbedded with volcaniclastic rocks and tuff
includes early Pliensbachian ammonites (Appendix 1). The
interbedded clastic rocks are overlain by, and intercalated with,
rusty- and cream-weathering, flow-layered rhyolite or dacite,
which is (?)overlain successively by vesicular basalt, debris
flow, pebble to boulder conglomerate with rhyolite and tuff
clasts, and more rhyolite, rhyolite breccia, and volcaniclastic
rocks. One rhyolitic volcanic rock at about the same strati-
graphic position as early Pliensbachian fossils yielded a U-Pb
(zircon) date of 181.0 +5.9/-0.4 Ma (Ash et al., 1996). The
early Pliensbachian biostratigraphic age and the bimodal
composition suggest that this succession could be correlative
with the Cold Fish Volcanics, whereas the isotopic age deter-
mination suggests that these strata are correlative with the
Mount Brock volcanics. The volcanic rocks were also
inferred to be cogenetic with quartz monzodiorite to
monzonite of the Red Stock and related intrusions, which
range from 205 Ma to 198 Ma (Friedman and Ash (1997); Fig.
22; Table 2). The overlying Spatsizi Formation and Bowser
Lake Group dip moderately to gently south, and are in angular
discordance with the steeply west-southwest-dipping Early
Jurassic volcanic rocks. The angular discordance is estimated
at 40–50°. The angular unconformity cuts downsection to the
east, and ultimately into Triassic rocks west of Todagin
Mountain (see Map 2028A).

Rocks of uncertain stratigraphic position in the
Ice Box district

In the central Ice Box district, steeply north-dipping pebble
conglomerate, which is bounded to the south by siltstone with
Aalenian ammonites, was correlated with the Bowser Lake
Group (H.W. Tipper, pers. comm., 1986). The conglomerate
and Aalenian siltstone were inferred to structurally underlie
Cold Fish Volcanics in the footwall of a thrust fault folded
into a tight anticline (Gabrielse and Tipper, 1984). This inter-
pretation implies large thrust overlap of Hazelton Group on
Bowser Lake Group. Alternatively, Thorkelson (1992)
regarded the conglomerate as the core of a syncline on-trend
with a tight syncline in the northeastern Ice Box district. A
problem with both interpretations is that there is no apparent
repetition of units across the respective folds. Re-examina-
tion of this region provided new observations and possible
interpretations. The most important observation is that there
are two lithologically distinct conglomerate units. The south-
ernmost and structurally lowest one (Fig. 27a, inset) is
monomict, composed of densely packed subangular to angu-
lar clasts of green chert, whereas the two conglomerate sheets
to the north are brown weathering, polymict, and loosely clast
supported to matrix supported, with a sandy matrix. Clasts of

the polymict conglomerate are subangular to well rounded,
and include grey, green, and black chert; rare quartz; volcanic
rocks; and lithic arenite. The monomict conglomerate
appears to interfinger laterally with, and to locally
stratigraphically overlie, green, siliceous siltstone with
Aalenian ammonites. To the north, samples of black, carbo-
naceous siltstone from between the two polymict conglomer-
ate sheets yielded Barremian to pre-mid-Albian palynomorphs
(Fig. 27; sample C-177842; Appendix 1), the same age as basal
Sustut Group in an outlier of the Sustut Basin, 3 km and 5 km to
the northwest (samples C-137470, C-137477, C-112032,
C-112033; Appendix 1). These data clearly indicate that the
carbonaceous siltstone and overlying conglomerate are
Cretaceous, and are part of the Sustut Group. The southern
polymict conglomerate may be either Sustut Group or Bowser
Lake Group.

There are several possible explanations for the distribu-
tion of units and fossils. One is that the monomict conglomer-
ate, which appears to interfinger with siltstone similar to
Aalenian siltstone, is Aalenian, and is overlain discon-
formably by Sustut Group (and possibly Bowser Lake Group)
polymict conglomerate and siltstone. Another possibility is
that Aalenian siltstone is overlain by Bajocian siltstone and
monomict conglomerate, and then by Sustut Group (and pos-
sibly Bowser Lake Group) polymict conglomerate and
siltstone. It is also possible that the lowest (monomict) con-
glomerate is a Bathonian or younger channel of Bowser Lake
Group in Aalenian siltstone, and is itself overlain by Sustut
Group polymict conglomerate and siltstone. A final solution
is that all conglomerate units are Sustut Group. The last two
options are not favoured because the monomict conglomerate
appears to interfinger with Aalenian siliceous siltstone, rather
than cut into it, and because it is monomict. Although
Bathonian and younger conglomerate units in the Bowser
Lake Group are dominated by chert pebbles, no conglomerate
units are of all one colour of chert. The monomict conglomer-
ate was likely deposited directly from a uniform source of
green chert, with no opportunity to mix with other sources.
This scenario is most likely for deposits derived directly from
the earliest thrust sheets of Cache Creek Group. Therefore,
the monomict conglomerate is either Aalenian, and the oldest
known conglomerate in the Bowser Basin, or, it is Bajocian,
and a more distal equivalent of the earliest, proximal Bowser
Lake Group conglomerate units exposed in south Cry Lake
area and northernmost Spatsizi River area.

Figure 27 illustrates how a succession of Aalenian or
Bajocian strata, stratigraphically overlain by a succession in
which at least the upper part is Cretaceous, can result in the
current distribution of units in the Ice Box district area. In this
interpretation, Aalenian through Cretaceous rocks overlay
Cold Fish Volcanics (Fig. 27c), and all strata were folded into
an inclined syncline (Fig. 27b) which was later cut by a steep
dip-slip fault (Fig. 27a) possibly related to the nearby
Cullivan Fault. The steep limb of the syncline is preserved as
the Aalenian through Cretaceous section in the area formerly
interpreted as a folded thrust fault or tight syncline, whereas
the gentle limb is preserved 3 km to the northwest, on the
northeast side of the dip-slip fault (Fig. 27a).
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Geochemistry of the Hazelton Group. In the basis of major
element characteristics, Erdman (1978) concluded that the
Cold Fish Volcanics had calc-alkaline to tholeiitic volca-
nic-arc affinity. A more detailed geochemical study encom-
passing the Griffith Creek, Cold Fish, and Mount Brock
successions is provided in this report. Details on the petrogen-
esis of the Cold Fish Volcanics were provided by Thorkelson
(1992) and are not repeated here.

Eighty-four samples of the Hazelton Group were ana-
lyzed for major and trace elements. Sixty-three of these are
from the Cold Fish Volcanics, ten are from the Griffith Creek
volcanics, and seven are from the Mount Brock volcanics.
The analyses, together with cation normative mineralogy,
common petrological indices, and phenocryst contents (for
selected samples) are listed in Table A2-1 (Appendix 2). Ana-
lytical techniques, the reliability of the data in terms of preci-
sion and accuracy, and the influence of contamination by
grinding are also addressed in Appendix 2. All the rock sam-
ples selected for analysis were nonamygdaloidal, devoid of
major fractures and secondary petrofabrics, and metamor-
phosed to only zeolite or prehnite-pumpellyite grades (Read
et al., 1991; this report).

Comparative geochemistry and tectonic affinity.
Geochemical character is very similar among the three volca-
nic formations. With the exception of rhyolite units of the

Cold Fish Volcanics, which are weakly peraluminous, almost
all of the Hazelton Group rocks are metaluminous, i.e., their
molar Al2O3/(CaO+Na2O+K2O) ratios are less than 1, and
their molar Al2O3/(Na2O+K2O) ratios are greater than 1. All
of the Hazelton rocks have magnesium numbers (Mg#) less
than 67, indicating that they are not primary, man-
tle-equilibrated melts (Mg# = 100[Mg/(Mg+Fe2+)molar]
based on (Fe2O3/FeO)= 0.3)weight (Gill, 1981)). A few of the
Cold Fish Volcanics and Griffith Creek volcanics samples are
rather primitive, with Mg# values in the low to mid-60s, and
Cr concentrations over 300 ppm. Most, however, have more
evolved Mg#s, typically from 35–55 (less in the rhyolite sam-
ples). Mount Brock and Griffith Creek compositions tend to
be quartz normative to weakly olivine normative, whereas the
Cold Fish rocks are typically olivine normative to weakly
(<10%) nepheline normative (except for the rhyolite samples
which are quartz normative). Mount Brock and Cold Fish
rocks with SiO2<54% have Al2O3>16.5% and are catego-
rized as high-alumina basalt (Kuno, 1960; A.J. Crawford et
al., 1987; Brophy, 1989), whereas mafic Griffith Creek rocks
have lower alumina concentrations of about 13–14%.

Potash-silica trends are displayed in Figures 28 and 29.
Although they are somewhat scattered, the data from each of the
formations forms a trend which extends from generally
medium- and high-K alkalinity at mafic compositions, to high-K
and shoshonitic alkalinity at intermediate and felsic composi-
tions (Peccerillo and Taylor (1976); Basaltic Volcanism Study
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Project (1981); Ewart (1982)). Although postmagmatic alter-
ation may be responsible for much of the scatter, the overall
trend towards high-K and shoshonitic character is considered
to be magmatic. Features which support the primary nature of
this trend are: the generally ‘fresh’ appearance and low meta-
morphic grade of the rocks; consistent interelement varia-
tions among the large-ion lithophile elements (LILE: Ba, Rb,
Th, K, and Sr) and between the LILE and high field-strength
elements (HFSE) such as Sm and Y (Fig. 30 and 31, discussed
later); and the complete absence of medium-K and low-K
compositions at silica contents above 57%. Furthermore, if
the degree of alkalinity were mainly a result of potassic alter-
ation, rocks in some areas might be expected to be more
severely affected than those in others. To the contrary, geo-
graphically related trends in alkalinity are not apparent.

The range in silica content differs among the data from the
three formations. The Cold Fish Volcanics range in composi-
tion from basalt to high-silica rhyolite, whereas the rocks
from the other formations have compositions that extend
from basalt to only dacite. This difference may be a result of
biased sampling of the Griffith Creek and Mount Brock vol-
canic rocks, both of which include strata of apparent rhyolitic
composition that were not collected for geochemistry; how-
ever, in both of those formations, rocks of suspected rhyolitic
composition are low in abundance and clearly subordinate to
mafic and intermediate rocks. The Cold Fish Volcanics
thereby differ from the Griffith Creek and the Mount Brock
volcanic rocks in their high abundance of very siliceous
rocks. The Cold Fish Volcanics also differ from the other suc-
cessions by their low abundance of dacitic and siliceous
andesitic compositions (only six of the sixty-three samples
have silica contents between 60% and 70% SiO2; Fig. 16).

For simplicity, this bimodal formation is divided into a
‘felsic’ suite and a ‘mafic’ suite of mafic to (subordinate)
intermediate rocks.

Tholeiitic to weakly calc-alkaline patterns are evident on
Figure 32, where silica contents are plotted against
FeO*/MgO ratios (FeO*=total iron as FeO). Cold Fish mafic
and intermediate rocks plot almost entirely in the tholeiitic
field; similarly, the rhyolite samples are dominated by
tholeiitic compositions with many specimens showing
extreme Fe/Mg enrichment. The Mount Brock volcanics fol-
low a trend similar to that of the nonrhyolitic Cold Fish
Volcanics, whereas the data from the Griffith Creek volcanics
straddle the tholeiitic–calc-alkaline boundary. Data for the
Spatsizi River Stock plot along trends for the Cold Fish
Volcanics on Figures 28 and 32.

Figures 30, 31, and 33 are logarithmic profiles of
trace-element data that have been normalized to normal
mid-ocean-ridge basalt (N-MORB). The normalizing values,
compiled from Langmuir et al. (1977), Basaltic Volcanism
Study Project (1981), and Sun and McDonough (1989) are
listed in Table 5. Following the general order of elements
used by Pearce (1982), Saunders and Tarney (1984), and
Thompson et al. (1984), the LILEs, except for Sr, are plotted
on the left, magmatophile HFSEs (Nb-Yb) and Sr are plotted
in the centre, and ‘compatible’ transition metals (TM:
Mn-Ni) are plotted on the right. Element compatibility with
mafic silicate phases generally increases toward the right. In
each of the trace-element profiles, two data sets are indicated
by lines and symbols (either plus signs or diamonds) and one
is indicated by lines only. The lines-only profile, in all of the
graphs, is that of ‘primitive Cold Fish basalt’, an average of
the nine most Mg-rich basalt samples (average MgO concen-
tration=6.7%; trace-element concentrations listed in
Table 5).
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The profiles of Figure 30 show how primitive Cold Fish
basalt compares with other Cold Fish compositions that have
been averaged from data in Appendix 2. An average with a
composition of basaltic andesite composition (MgO concen-
tration = 4.2%, n = 25) closely follows the primitive basalt
pattern, displaying general increases in LILEs and HFSEs,
and decreases in TM. The average composition of the remain-
ing (more evolved) samples of the mafic suite is andesitic
(MgO concentration = 1.9%, n = 10). It also shows these
trends, but differs in its relative depletion of Th, Sr, P, Eu, Ti,
V, and Co. Profiles of the average compositions for the
rhyolitic rocks show more variation (‘high-Mg’, MgO con-
centration = 0.4%, n = 10; ‘low-Mg’, MgO concentration =
0.2%, n = 9). Relative to the primitive basalt profile, both of
the rhyolite patterns show enrichments in the LILEs, Nb, and
Zr, and all of the lanthanides except for Eu, depletion of Ba
with respect to other LILEs, and marked depletions of P, Eu,
Sr, Ti, and the transition metals.

In Figure 31, average mafic and intermediate composi-
tions of the Griffith Creek and Mount Brock volcanics are
compared to primitive Cold Fish basalt. The ‘mafic’ Griffith
Creek (n = 3) composition has a MgO concentration of 7.7%,
about 1% greater than that of the primitive Cold Fish basalt.
The ‘intermediate’ composition (n = 4) is considerably more
evolved, with a MgO content of 2.4%. The patterns are simi-
lar to that of the Cold Fish reference basalt in the LILE-HFSE
range, except that Ti and the heavy rare-earth elements are
considerably lower, and alkalinity is greater. The Griffith
Creek profiles thereby cross the Cold Fish profile toward the
left-hand-side of the HFSE range. In the TM range, Cu and Cr
in the mafic Griffith Creek rocks have near-MORB levels,
whereas Ni is less abundant than in primitive Cold Fish
basalt. Although the Mount Brock ‘mafic’ and ‘intermediate’
compositions are both more evolved than the Cold Fish refer-
ence basalt, their profiles are very similar to that of the Cold
Fish primitive composition, and are almost identical to the
profiles of the more evolved mafic Cold Fish compositions
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Fish and Mount Brock data follow a tholeiitic
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shown in Figure 30. The Mount Brock mafic composition
(n = 6) and the intermediate composition (n = 8) have MgO
concentrations of 4.0% and 1.4%, respectively.

Figure 33 displays profiles of some late Cenozoic volcanic-
arc and back-arc rocks. The two volcanic-arc compositions
were chosen because their profiles strongly resemble that of
primitive Cold Fish Volcanics basalt. The ‘Cascades + Aleu-
tians’ composition is an average of 92 basaltic rocks (MgO
concentration = 6.7%) from the Cascade and Aleutian arcs
(Ewart, 1982). The ‘Mexican calc-alkaline’ profile repre-
sents a single analysis (MgO concentration = 8.8%) from
Luhr et al. (1989). Both of these profiles resemble the Cold
Fish Volcanics reference pattern, particularly in the diagnos-
tic LILE-HFSE range where Nb is depleted with respect to K
and La, and Sr is enriched with respect to Ce and P. These spe-
cific features, as well as the general enrichment of LILEs over
HFSEs, are typical of supra-subduction zone basalts (Pearce,
1982; Saunders and Tarney, 1984; Thompson et al., 1984).

The two profiles of ‘ensialic marine back arc’ rocks illus-
trate some of the great variability in the chemical character of
back-arc rocks. They were selected because their tectonic set-
ting is similar to that inferred for the Hazelton Group volcanic
strata in the Griffith Creek to Mount Brock region. One sam-
ple is from Kula Island in the Aegean Sea (MgO concentra-
tion = 6.8%; Pe-Piper and Piper (1989)) and the other is from
Penguin Island in the Bransfield Strait (MgO concentration =
7.8%; Weaver et al. (1979)). The Aegean profile is typical of
back-arc features built on continental or transitional crust,
such as the Patagonian basalts in the southern Andes (Stern et
al., 1990), the Ngatutura basalts behind the Taupo Volcanic
Zone in New Zealand, and the alkaline basalts in Korea, east-
ern China, and southwestern Japan (Nakamura et al., 1989).
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Comparison of primitive Cold
Fish basalt (lines with no symbols)
with volcanic-arc and ensialic,
marine, back-arc compositions
on log10 trace-element N-MORB
normalized diagrams.

Component Units N-MORB

Ba ppm 6.3
Rb ppm 0.56
Th ppm 0.12

K2O weight % 0.0723
Nb ppm 2.33
La ppm 2.5
Ce ppm 7.5
Sr ppm 90

P2O5 weight % 0.117
Zr ppm 74

Sm ppm 2.63
Eu ppm 1.02
Gd ppm 3.68

TiO2 weight % 1.27
Dy ppm 4.55
Y ppm 28

Yb ppm 3.05
Mn ppm 0.165
Zn ppm 85
V ppm 250
Sc ppm 38
Co ppm 47
Cu ppm 86
Cr ppm 270
Ni ppm 135

Table 5. Normalized values
used in trace-element profiles.
N-MORB normalizing values
from Langmuir et al. (1977),
Basaltic Volcanism Study Project
(1981), and Sun and
McDonough (1989).



Mafic rocks from these locations have profiles which follow a
smooth transition from low Y and Yb contents to high LILE
concentrations. They represent a plume-like or rift-like
(‘intraplate’) chemical end-member to the compositional
spectrum of back-arc basalts, the other end-member of which
is MORB-like. The Penguin Island sample is similar to other
back-arc rocks in Bransfield Strait and chemically resembles
alkaline basalts behind the volcanic front in the south-central
Andes (Munoz and Stern, 1989). It is moderately alkaline and
depleted in some of the HFSEs, notably Nb, Zr, and Ti, rela-
tive to the lanthanides and LILEs. Rocks of this compo-
sitional type represent a transition from the intraplate variety
toward less alkaline basalts with nearly flat profiles that are
common in back-arc basins of the western Pacific region
(Gill, 1976; Saunders and Tarney, 1984; Jenner et al., 1987;
Price et al., 1990).

Although the trace-element pattern of the mafic Cold Fish
Volcanics strongly resembles those of many modern volcanic
arc environments, it also resembles those of some back-arc
environments, as indicated by the bracketing of the mafic
Cold Fish Volcanics profile by those of Penguin and Kula
islands (Fig. 33). A back-arc setting (Fig. 34), inferred from
regional geological relationships (Marsden and Thorkelson,
1992), is supported by the pronounced silica bimodality,
average Ti/V ratios of approximately 30, and transitionally
silica-saturated to undersaturated normative mineralogy in
the Cold Fish Volcanics. Silica bimodality and under-
saturated compositions are relatively rare in volcanic arc set-
tings, but common in terrestrial extensional settings (Martin
and Piwinski, 1972; Strong, 1979; Bacon et al., 1984).

The high-silica content of most of the Cold Fish rhyolite
samples, and the high-K content of all the Hazelton succes-
sions in the Griffith Creek to Mount Brock region, imply that
the crust beneath the successions was thick and mature.
Orogenic volcanic rocks built on thick, felsic crust are typi-
cally richer in alkali and alkaline-earth elements than those
built on thinner, more mafic crust (Ewart, 1982). Possible rea-
sons for the greater alkalinity include: greater depth of frac-
tionation (high-pressure fractionation of pyroxene leads to
more alkaline derivative magmas; Meen, (1987, 1990)); assimi-
lation of silicic, alkali-rich crust (DePaolo, 1981); chemical
contribution to primary magma through subduction of sedi-
ment (Stern, 1991); and partial fusion, or other involvement
with enriched or ‘subcontinental’ lithospheric mantle (Varne,
1985). A fifth cause of high alkalinity, but one which does not
necessarily implicate thick or mature crust, is small degrees
of partial fusion (cf. Meijer and Reagan, 1983).

Summary of ages of the Hazelton Group. Volcanic rocks of
the Hazelton Group in northern Spatsizi River (NTS 104 H)
map area comprise three temporally distinct successions: the
Griffith Creek volcanics (oldest), the Cold Fish Volcanics,
and the Mount Brock volcanics (youngest). The Griffith
Creek volcanics, an informally defined succession of very
limited exposure, have yielded two U-Pb (zircon) isotopic
dates which correlate with Hettangian biostratigraphic ages
(205.8 +1.5/-3.1 Ma; 205.8 ± 0.9 Ma), on the timescale of
Harland et al. (1990). The Cold Fish Volcanics form a volu-
minous succession (at least 1 800 km3) that is regarded as a

formal stratigraphic unit. It yielded four U-Pb (zircon)
isotopic dates (193.7 ± 1.9 Ma; 193.9 +1.1/-4.5 Ma; 194.8
+1.0/-3.0 Ma; and 196.6 ± 1.6 Ma) broadly consistent with its
previously established early Pliensbachian biostratigraphic
age. It was intruded by the Spatsizi River Stock, a synvolcanic
alkali-feldspar granitic body that yielded a U-Pb (zircon) age
of 190.7 +7.0/-7.8 Ma. The Mount Brock succession is an
informal stratigraphic unit which has been dated by late
Pliensbachian and early and middle Toarcian ammonites, and
is intruded by the McEwan Creek pluton, dated isotopically
as 183.5 ± 0.5 Ma (U-Pb, zircon). The Spatsizi Formation
contains ammonites in all but the lowest of Pliensbachian
zones, and in the Toarcian through early Bajocian stages.
Hazelton Group strata west of Todagin Mountain contain
early Pliensbachian fossils, but this age conflicts with a
stratigraphically equivalent rhyolite flow dated (U-Pb zircon)
at 181.0 +5.9/-0.4 Ma.
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Figure 34. Inferred tectonic environment of the volcanic suc-
cessions in east-central Stikinia during the Pliensbachian
(after Marsden and Thorkelson (1992) and Thorkelson et al.
(1995)) Strataovolcanoes and ignimbrite fields of the
Toodoggone Formation accumulate in a subsiding, terres-
trial volcano-tectonic depression (Diakow et al., 1991). Con-
currently, or within one or two million years, bimodal Cold
Fish volcanic rocks are deposited in a subaerial to shal-
low-marine, back-arc region that is extending and subsiding.
The Red Goat Fault is perhaps one of the principal normal
faults along which extension occurs. The degree of litho-
spheric thinning increases toward the west. The subducting
oceanic slab is considered to be part of the Cache Creek
Terrane which has not yet amalgamated with Stikinia. To the
west, beyond the illustrated region, volcanic successions are
accumulating as part of another volcanic chain which may be
related to eastward subduction of a second oceanic slab.



Stratigraphic relations among the Hazelton Group succes-
sions. The Griffith Creek succession comprises mafic lava
flows and intermediate to felsic sills and tuff that were con-
formably to disconformably deposited in a subaerial
environment on older Late Triassic and/or Early Jurassic con-
glomeratic strata. In contrast, a pronounced angular uncon-
formity (60–70°) separates the Stuhini Group and
Triassic–Jurassic conglomerate units in the Griffith district
from the Bowser Lake Group (Fig. 35). These relations indi-
cate that deformation occurred between the time of Griffith
Creek volcanism and deposition of Bowser Lake strata.
Thorkelson et al. (1995) considered the cause of the angular
relations to be an event of folding that occurred between
deposition of the Griffith Creek and Cold Fish successions.
An age of deformation which predated deposition of Cold
Fish Volcanics was preferred because the Cold Fish
Volcanics are broadly conformable with the Bowser Lake
Group in their area of exposure, for 50 km west-northwest of
the angular unconformity in the Griffith district. Folding was
identified as the probable style of deformation because of the
high angle of Griffith Creek–Bowser Lake discordance; how-
ever, alternatives to both the timing and style of deformation
are possible. Concerning style, the angular unconformity may
have been generated by block rotations incurred during
extensional faulting. If so, the high angle of discordance
would seem to require more than one extensional event.
Extension has long been regarded as a fundamental control on
Hazelton Group evolution (Tipper and Richards, 1976; Mar-
sden and Thorkelson, 1992; Anderson, 1993; Thorkelson et
al., 1995). Regarding timing, the interval of deformation may
have occurred prior to and/or during deposition of the Cold

Fish Volcanics, and also between deposition of the Cold Fish
Volcanics and the Bowser Lake Group. Field relations sup-
porting this possibility are evident near the western margin of
the Spatsizi River map area, southwest of Todagin Mountain,
where early Pliensbachian volcanic rocks lie unconformably
beneath the Bowser Lake Group (40–50º discordance).
Extensional deformation of the Hazelton Group, prior to
deposition of the Bowser Lake Group and correlative strata,
has been identified elsewhere on Stikinia (Greig et al., 1991;
Anderson, 1993). Considering these options for achieving the
angular unconformity in the Griffith district, the existence of
a contractional deformation event at the Triassic–Jurassic
boundary (Thorkelson et al., 1995) remains speculative.

The Cold Fish Volcanics were deposited in a mainly
subaerial environment as a bimodal succession (>2000 m) of
rhyolitic rocks (mainly air-fall tuff, welded tuff, and sills) and
mafic lava flows. The base of the Cold Fish Volcanics is not
exposed, but the top of the volcanic succession is in many
places conformably overlain by a thick (>700 m) basinal sedi-
mentary succession, the early Pliensbachian to early Bajocian
Spatsizi Formation. The Mount Brock volcanics were
deposited as a thick succession (>4000 m) of mafic to inter-
mediate lava flows and intermediate to felsic pyroclastic
rocks in a mainly subaerial environment above conformable
strata of the Spatsizi Formation. Conformably overlying the
Spatsizi Formation are Middle Jurassic shale and conglomer-
ate of the Bowser Lake Group.

Regional tectonic framework. The Hazelton Group is a volumi-
nous and widespread assemblage of volcanic-arc rocks and
related basinal sedimentary rocks that were deposited on the
Stikine Terrane (Stikinia) in the Early and early Middle Jurassic.
As described initially by Tipper and Richards (1976) and
advanced by Marsden and Thorkelson (1992), the volcanic
rocks erupted to form two volcanic chains, one on the eastern
side of Stikinia (related to west-dipping subduction), and one on
the western side (caused by east-dipping subduction of a second
oceanic plate; directions given in present geographical terms).
These chains were separated by an inferred elongate marine and
nonmarine basin that subsided by thousands of metres during the
period of volcanism. The subsidence, which was caused primar-
ily by extensional deformation of Stikinia, also affected the vol-
canic successions in the Spatsizi River map area. The Cold Fish
Volcanics, and perhaps all of the volcanic successions in the
area, were deposited in the back-arc region of the eastern volca-
nic arc in the Toodoggone River area.

Jurassic volcanic activity on Stikinia declined during the
latter parts of the Early Jurassic, becoming extinct in the early
Middle Jurassic (Bajocian). The reduction in magmatism was
accompanied by cooling and thermal subsidence of Stikinia,
which led to a regional marine transgression. These trends
were coincident with progressive obduction of the Cache
Creek Terrane onto Stikinia. This was the final consequence
of subduction of the Cache Creek oceanic plate beneath east-
ern Stikinia, and closure of the Cache Creek Ocean, and it
initiated a new tectonic regime in Stikinia which overlapped
somewhat with the end of subduction-related volcanism. The
products of this new regime are described in the ‘Bowser
Lake Group’ section, below.
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Figure 35. Angular unconformity between steeply dip-
ping lava flows of the Stuhini Group, and gently dipping
shaly strata of the Bowser Lake Group, in the Griffith
district. Exposure is about 150 m high. Photograph by
D.J. Thorkelson. GSC 2003-316



Tectonic and magmatic model of the Cold Fish Volcanics. A
schematic diagram of a possible tectonic and magmatic set-
ting of eastern Stikinia in the Pliensbachian is provided in
Figure 34. In the Toodoggone River area, high-K calc-alka-
line magmas of predominantly intermediate composition
erupted in a frontal arc setting to form the Toodoggone forma-
tion (Diakow et al., 1985, 1991; Marsden 1990). Deposition
was concentrated in a subsiding, northwest-trending, terres-
trial depression (Diakow et al., 1991). At about the same time,
mafic and rhyolitic rocks of the bimodal Cold Fish Volcanics
were emplaced in an extensional back-arc setting. Farther
behind the arc, marine sedimentary rocks accumulated in the
subsiding Nilkitkwa depression–Hazelton “Trough”. In this
diagram, the extension was accommodated by hypothetical,
large north-northwest-striking normal faults that fed into a
subhorizontal shear zone.

Cold Fish volcanism probably originated by melting of
the asthenosphere caused by release of volatile components
from the subducting slab, and decompression related to
asthenospheric upwelling beneath the extending Stikinian
lithosphere, in the manner of other arc and back-arc com-
plexes (cf. Presnall et al., 1979; Gill, 1981; McKenzie and
Bickle, 1988). The mafic magma may have pooled and differ-
entiated within Stikinia, allowing magma chambers to
become established at various depths (Fig. 25, 34). Immedi-
ately behind the Red Goat Fault, shown in Figure 25 as a prin-
cipal normal fault leading into a major detachment zone, a
large, epizonal magma chamber developed. The rhyolitic
magmas were probably produced partly by differentiation
from mafic magma and partly by crustal anatexis or assimila-
tion. Differentiation from a mafic parent is suggested by simi-
larity in incompatible element profiles between the mafic and
rhyolitic rocks (Thorkelson, 1992), and a Rb-Sr scatterchron
from the Ice Box district which shows that 87Sr/86Sr initial
ratios of mafic samples are not significantly different from
those of rhyolite samples (Erdman, 1978). Involvement of
mature, perhaps continental crust is indicated by the emplace-
ment of highly siliceous fluorite-bearing rhyolitic rocks and
inheritance of Precambrian zircon (Thorkelson et al., 1995).
More comprehensive isotopic investigations are necessary to
determine the age and degree of influence of the crustal com-
ponent.

Jurassic to Cretaceous

Bowser Lake Group

The Bowser Lake Group consists of marine and nonmarine
shale, siltstone, sandstone, and conglomerate. The term
“Bowser group” was initially applied informally to an area
around Bowser Lake underlain by shale, sandstone, and con-
glomerate (Geological Survey of Canada, 1957). A later defi-
nition of the “Bowser Group” (Duffell and Souther, 1964)
limited its age to Late Jurassic to Early Cretaceous. The group
was redefined and renamed “Bowser Lake Group” by Tipper
and Richards (1976) to refer to a “thick assemblage of marine
and nonmarine sediments....” of Middle and Late Jurassic age
(Table 6). Because lithologically similar strata are now
known to be as young as mid-Cretaceous (Cookenboo and
Bustin, 1989), we consider the Bowser Lake Group to range

from Bajocian to mid-Cretaceous, but do not regard age as a
defining characteristic. Its basin of deposition was the Bowser
Basin (Tipper and Richards, 1976). The basin has not been
specifically defined, but the term generally refers to the large
area of clastic rocks north of the Skeena Arch and south of the
Stikine Arch (Fig. 7). Presence of common rounded chert
clasts and paucity of detrital mica have been used to distin-
guish basinal strata from Sustut and Skeena groups. The chert
clasts were derived from the Cache Creek Terrane to the
northeast, and therefore are a provenance link between
Stikinia and Cache Creek Terrane. In this way the Bowser
Basin has a tectonic connotation as the depocentre recording
amalgamation of Stikine and Cache Creek terranes.

The thin and excellent layering of the Bowser Lake Group
was conducive to tight folding on scales of less than 250 m to
more than 1000 m wavelength and development of blind
thrusts. The scale of structures, combined with facies changes
and sporadic preservation of narrow-ranging fossils, have
made definition of meaningful formal lithostratigraphic units
beyond the scope of regional mapping, and have led to prob-
lems even in detailed studies. Limited parts of Spatsizi River
map area where the Bowser Lake Group has been studied in
detail are in the northwest where G.M. Green (1991, 1992)
and B. Ricketts (1990; Ricketts and Evenchick, 1991) con-
ducted sedimentological studies, and in the southeast where
I.W. Moffat (1985; Bustin and Moffat, 1983; Moffat et al.,
1988), H.O. Cookenboo (1989, 1993; Cookenboo and Bustin,
1989) and S. MacLeod (1991; MacLeod and Hills, 1990)
studied the biostratigraphy and sedimentology of the
Groundhog Coalfield (Fig. 4, 7). Local formal stratigraphy in
the latter area (Cookenboo and Bustin, 1989) has been con-
tentious because of disagreement over boundaries and the
conflict of ages determined by different methods (e.g.
Cookenboo et al., 1991; MacLeod and Hills, 1991a, b).
Because of the gradual change from paralic to entirely
nonmarine conditions in the coalfield, definition of bound-
aries is inevitably arbitrary. The controversy persists despite
the fact that the structure is relatively simple and the area was
studied in considerable detail. With this example as a beacon
to the problems of definition of stratigraphic terms in a comp-
lexly deformed basin lacking horizontal marker beds, and
considering the scale of mapping for most of the Bowser Lake
Group, most of it has been divided into lithofacies assem-
blages rather than formal stratigraphic units (Eisbacher
(1974a); Evenchick et al. (2001b); Table 6). The assemblages
are defined entirely on lithological content (Table 6b), with
no regard to age. They are inferred to represent broad envi-
ronments of deposition and assumed to interfinger laterally
(and as a corollary, to be repeated vertically) on a range of
scales. With this framework established, consideration of the
fossil record leads to a regional analysis of the depositional
history of the northern Bowser Basin. In this report the Bowser
Lake Group is divided into seven lithofacies assemblages,
one previously defined formation, and two previously recog-
nized informal units (Tables 1, 6). The latter are part of a large
outlier of Bowser Lake Group north of the contiguous part of
the basin and were not examined in this study. The following
pages describe the nature of units beginning with those which
are either more distal or older; the reader is reminded that
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Table 6b. Characteristics of lithofacies assemblages of the Bowser Lake Group.
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Numerical time scale is from Harland et al. (1990).
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sandstone, fine-grained sandstone, carbonaceous siltstone, and minor coal; sandstone is dark-green- and grey-
weathering with platy and trough crossbedding; fossil plants common; marine fossils absent.
Mudstone, siltstone, fine-grained sandstone, medium-grained sandstone, rare conglomerate and coal; commonly
arranged in fining-up cycles; sandstone is grey-, green-, and brown-weathering and occurs as laterally continuous
sheets, discontinuous sheets, and lenses; lenses are planar and trough crossbedded; fossil plants abundant, including
in-situ roots and plants with delicate structure; marine fossils absent.
Sandstone, siltstone, carbonaceous and calcareous mudstone, with minor conglomerate and coal; locally arranged in
fining-up cycles; sandstone is fine- to medium-grained with planar bedding and planar tabular crossbedding; most
sandstone is thin- and thick-bedded, medium-grained, recessive, drab green- or brown-weathering wacke; resistant and
light-grey-weathering arenite is less common and forms discontinuous sheets and lenses; finer grained strata are thinly
bedded and locally include densly packed plant fossils; conglomerate sheets and lenses, <10% of the unit, are light grey
weathering, with large-scale crossbedding; plant fossils common and include in-situ trees; marine fossils rare.

Thinly interlayered and vari-coloured siltstone, sandstone, and conglomerate (with or without coal), commonly arranged
in coarsening- and thickening-upward cycles; common features of sandstone are parallel bedding, crossbedding, ripples,
burrows, bivalve coquina, and brown-, green-, and grey-weathering; conglomerate is rusty and grey weathering, but
comprises a lower proportion of the unit (15–30%) than in the Eaglenest assemblage; conglomerate units up to 50 m
thick cap cycles up to 70 m thick, and tops locally have megaripples; plant and marine fossils are ubiquitous, trace
fossils including Skolithus and Diplocraterion are common, as are log fragments several metres long.

Conglomerate, sandstone, siltstone, mudstone, and rare coal; arranged in coarsening- and fining-up cycles of mudstone
to pebble or cobble conglomerate; prominently rusty weathering, and 30–80% conglomerate; sheets of conglomerate to
50 m thick include planar beds, tabular planar cross-stratification and trough cross-stratification, sets locally up to tens of
metres thick; sandstone is green-, brown- and grey-weathering, has planar cross-stratification and hummocky cross-
stratification; sparse marine fossils but abundant plant fossils, including silicified log fragments.

Sandstone, siltstone, conglomerate; primary lithofacies is sandstone forming laterally continuous thin- to thick-bedded
sheets; less common are siltstone interbedded with sandstone, and lenses of conglomerate; sandstone is green-,
brown-, and grey-weathering, thin- to thick-bedded, locally arranged in coarsening-up cycles; includes burrows, bivalve
coquina, and other marine fossils, common ripple marks and crossbedding, with local hummocky cross-stratification;
conglomerate increases in proportion and thickness upsection.

Siltstone, fine-grained sandstone, conglomerate; mainly laminated siltstone and fine-grained sandstone which is dark
grey to black weathering, and includes thin, orange-weathering claystone beds and syndepositional faults and folds;
chert-pebble conglomerate occurs as lenses; marine fossils.

Sandstone, siltstone, rare conglomerate; about equal proportions of sheet-like intervals up to 50 m thick dominated by
either siltstone and very fine-grained sandstone, or by medium-grained sandstone; siltstone to fine-grained sandstone is
dark grey- and black-weathering, sandstone is medium and light grey weathering; abundant turbidite features (e.g.
Bouma cycles, flame structures, flute and groove casts); conglomerate is minor in most regions, and includes poorly
sorted units considered to be debris flows; marine fossils.



many units interfinger with bounding ones and overlap in age
(Table 6). Stratigraphic position is not implied except where
stated explicitly.

Units m<Bs and m<Bv. Several square kilometres of
unfossiliferous sedimentary and volcanic rock along the
north-central boundary of the map area overlie Triassic or
Lower Jurassic volcanic rocks (Read and Psutka, 1990).
Basal chert-pebble conglomerate and maroon to grey-green
argillite at least 500 m thick with lenses of conglomerate are
grouped into one unit, m<Bs, on the 1:250 000 compilation.
Read and Psutka (1990) mapped the conglomerate and sand-
stone as units mJcg and mJs, respectively. The sedimentary
rocks are overlain by 1500 m of grey-green plagioclase-
phyric flows with a cap of maroon plagioclase porphyry.
These two volcanic units, referred to as unit mJgv and unit
mJvp by Read and Psutka (1990), are grouped into one volca-
nic unit labelled m<Bv on the 1:250 000 map (Map 2040A).
Approximately 30 m of strata including monomict, green,
chert-pebble conglomerate and siltstone and fine-grained
sandstone with Aalenian fossils in the northern Ice Box dis-
trict may be part of this succession. These strata were dis-
cussed in the section of the Hazelton Group titled ‘Strata of
uncertain stratigraphic position’.

Age and correlation. These strata were assumed by Read
and Psutka (1990) to be Middle Jurassic based on correlation
with similar sedimentary and volcanic units to the northeast,
in Cry Lake map area, which are correlated with the Bowser
Lake Group (Gabrielse, 1991, 1998). They are regarded as
part of the Bowser Lake Group because they contain abun-
dant radiolarian chert clasts, the hallmark of the Bowser Lake
Group. They also contain Jurassic volcanic rocks, but are not
correlated with the Hazelton Group because a greater propor-
tion of rocks are similar to the Bowser Lake Group. In Cry
Lake area they are considered Bajocian (and possibly youn-
ger) based on Middle Bajocian fossils in the western, marine,
part of the outlier (Tipper, 1978; Gabrielse, 1998). The west-
ern outcrops occur as erosional remnants overlying Lower
Jurassic volcanic rocks, whereas to the east, outcrops consti-
tute a thick, fault-bounded, unfossiliferous succession of vol-
canic and sedimentary rocks intruded by a 159 ± 6 Ma pluton
(dated by the K-Ar method; Erdman (1978)).

Environmental and tectonic interpretations. The outlier
of Bowser Lake Group contains the oldest and coarsest clastic
rocks clearly derived from the Cache Creek Terrane. Strata in
the outlier are therefore considered to be the initial coarse
clastic deposits eroded subaerially from the hanging wall of
the King Salmon Fault. Boulders characteristic of the Cache
Creek Terrane are limestone and radiolarian chert. Boulders
up to 50 cm or more in diameter are the largest clasts in the
Bowser Basin, consistent with their position as the most prox-
imal strata. They were probably deposited in alluvial fans and
fan deltas close to the thrust front. Aalenian or (?)Bajocian
monomict, green, chert-pebble conglomerate 9 km west of
Bug Lake (described in the ‘Hazelton Group’ section) may be
the most distal of these early conglomerate units. Volcanic

rocks intercalated with the sedimentary rocks are interpreted
to represent the last vestiges of Stikinian (Hazelton Group)
magmatism resulting from southwestward subduction of
Cache Creek lithosphere beneath Stikinia, while a portion of
its upper crust delaminated and obducted southwestward over
Stikinia.

Todagin (slope) lithofacies assemblage (in part equivalent to
former Ashman Formation), (Fig. 36). Large parts of the
northern Bowser Basin are underlain by dominantly dark-
grey- or black-weathering, laminated to massive siltstone and
shale. Included are laterally continuous rusty-orange-weath-
ering claystone beds 2–15 cm thick, fine-grained sandstone,
rare limestone, and lenses of light-grey-weathering, chert-
pebble conglomerate. Sedimentary structures in the fine-
grained lithofacies include parallel lamination, crosslamina-
tion, starved ripples, graded bedding, and syndepositional
folds and faults. Trace fossils are curvilinear tubes 0.5–1 mm
in diameter, and a few millimetres long. Orange-weathering
claystone beds give the otherwise dark, fine-grained facies a
characteristic ‘pin stripped’ appearance in many areas
(Fig. 37). Lenses of conglomerate occur as isolated or later-
ally overlapping bodies; many are 20–50 m thick, but some
are stacked vertically to as much as 350 m. Conglomerate is
commonly clast supported with a sandy matrix and contains
rounded to well rounded clasts 1–6 cm diameter, with rare
clasts to 20 cm diameter. Most clasts greater than 6 cm are
locally derived siltstone or sandstone. Bedding is massive to
crudely developed and defined by subtle changes in clast size,
or locally by beds of medium-grained sandstone.

Black, laminated siltstone of the Todagin assemblage
gradationally overlies siliceous siltstone of the Spatsizi
Formation of the Hazelton Group. The contact is placed
where thin, white-weathering, probably tuffaceous laminae,
typical of the upper Spatsizi Formation, are no longer present
in black siltstone. The orange-weathering claystone and
siltstone beds characteristic of the Bowser Lake Group are
not present in the Spatsizi Formation. Contacts are rarely
exposed and are assumed to be gradational over 20–40 m.
Thomson et al. (1986) regarded the contact as a slight angular
unconformity because bedding is 5° different in the Quock
Member than nearby Todagin assemblage. Because this
minor difference could also be a result of folding, and the con-
tacts appear to be gradational, the contact could well be con-
formable. The following are more specific descriptions of the
regions of Todagin assemblage outlined in Figure 36.

The Maitland region (Fig. 36) is underlain by recessively
weathering, dark siltstone and shale, with minor medium-
grained sandstone and rare lenses of conglomerate. The base
of the unit is not exposed in this region. The fine-grained
lithofacies constitutes more than 85% of the section and is
characterized by cyclic laminae of dark-grey-weathering
siltstone and shale and buff-weathering, fine-grained sand-
stone. Parallel lamination is the most common bed form. The
fine-grained lithofacies occurs as intervals more than 50 m
thick and locally is interbedded with buff-weathering chert
arenite or lithic chert arenite which is commonly massive, but
locally crossbedded. Sandstone beds up to 30 cm thick consti-
tute about 10% of the unit. The remaining 5% of strata are
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conglomerate, and mostly restricted to the northern quarter of
the Maitland region. Conglomerate occurs as discontinuous
sheets and lenses 30 cm to 40 m thick and is commonly clast
supported with clasts 2–3 cm across. Evidence of
syndepositional deformation in the form of small- and
large-scale folds and faults is sporadic in the northeast part of
the region, but ubiquitous in the western part. Strata in the
south part of the Maitland region differ in that 300–400 m of
section dominated by the fine-grained lithofacies is locally
composed of up to 30% buff- and grey-weathering, planar,
parallel bedded, fine- to medium-grained sandstone. The
mainly fine-grained sections with local concentrations of

medium-grained sandstone are separated by up to 50 m domi-
nated by thin- to medium-bedded, fine- to medium-grained
arenite interbedded with lesser siltstone (Fig. 38). Conglom-
erate occurs as rare lenses up to 40 m thick. Contacts with
deltaic facies are placed where dominantly recessive black
siltstone and shale (typical of Todagin assemblage) begins to
include a high proportion of laterally continuous beds of
medium-grained sandstone and/or conglomerate and/or coal.
In the most southern Maitland region, black siltstone with
lenses of chert-pebble conglomerate overlie interbedded
sandstone and siltstone-shale turbidite sequences of the
Ritchie-Alger lithofacies assemblage.
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Figure 36. Distribution of Todagin assemblage in Spatsizi River map area (grey shaded areas), and location
of cross-sections. Not all creek, mountain, or structural names are shown.



Todagin assemblage underlies a large part of the
Eaglenest region (Fig. 36), where it is exposed across several
open to close folds of several kilometres wavelength
(cross-section A-C, see Fig. 171). In the northeast, black
siltstone of the assemblage is within 30 m stratigraphically of
Cold Fish Volcanics. Between the two outcrops is talus of
volcanic rock, siltstone, and ‘pyjama beds’ characteristic of
the Quock Member of the Spatsizi Formation. The thickness
of Spatsizi Formation along this northern limit of Todagin
assemblage ranges from near 0 m to about 50 m, and is in most
places expressed as talus between outcrops of volcanic rocks
and Bowser Lake Group. The northern extent of the contigu-
ous Bowser Basin (cross-section A-C, see Fig. 171) is about
300–400 m of Todagin assemblage preserved on the north

limb the Ice Box Syncline. It is composed of massive or lami-
nated black siltstone to fine-grained sandstone with rare beds of
grey-weathering conglomerate and sandstone 0.5–2 m thick.
Rusty-weathering siltstone or fine-grained sandstone is thinly
laminated to very thinly interbedded with black and dark grey
siltstone. Near the top of the unit the dominantly fine-grained
lithofacies is overlain by about 5 m of parallel-laminated to
platy, thin-bedded, fine- to medium-grained sandstone which
weathers to rusty, green, and green-brown. The sandstone is
abruptly overlain by more than 1000 m of rusty-weathering peb-
ble conglomerate and sandstone of the overlying Eaglenest
assemblage. On the south limb of Ice Box Syncline the sand-
stone-rich upper part of the unit is 30 m thick; it probably repre-
sents a transition into the overlying, coarse-grained assemblage.
Below, siltstone laminated with fine-grained sandstone and
lenses of chert-pebble conglomerate are the primary lithofacies;
minor, green, fine- to medium-grained sandstone is also present.
Conglomerate occurs as lenses and overlapping discontinuous
sheets 10–50 m thick which are either continuous along the same
stratigraphic level (Fig. 39), or overlap and step up consistently
in one direction, resulting in a sheet which rises in stratigraphic
level (Fig. 40). On the south limb of the Ice Box Syncline the
Todagin assemblage is at least 1500 m thick and its base is not
exposed.

Todagin assemblage south of Eaglenest Creek is at least
2500 m thick; the top is not exposed. Cross-section A-C illus-
trates variation in thickness of the unit southward. About 75%
of strata are fine-grained lithofacies and about 25% are con-
glomerate. It is similar to the unit farther north, but 100 m
above the base is a semicontinuous interval of conglomerate
30–150 m thick, made up of laterally discontinuous beds of
conglomerate ranging from 20 cm to more than 2 m thick
(Fig. 41). This interval near the base of the assemblage com-
prises 50–95% conglomerate and 5–50% dark grey siltstone
and fine-grained sandstone. It is overlain by a thick section of
fine-grained lithofacies which is 95% massive or laminated
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Figure 37. Typical Todagin assemblage with ‘pinstripes’ of orange-
or buff-weathering claystone beds (light grey) within dark
grey to black, laminated siltstone and fine-grained sandstone
(dark grey). Viewed to west, on ridge 6 km northeast of the
junction of Eaglenest Creek and Klappan River. Person for
scale. Photograph by C.A. Evenchick. GSC 2003-317

Figure 38. Todagin assemblage in the Maitland region, made
of dominantly siltstone, fine-grained sandstone, with lesser,
medium-grained sandstone (light grey), and rare conglomer-
ate. Viewed to west, south of Chismore Creek. Relief of view in
foreground is about 200 m. Photograph by C.A. Evenchick.
GSC 2003-318

Conglomerate

Figure 39. Lenses and sheets of conglomerate in the Todagin
assemblage. Dashed lines outline major conglomerate sheets
and dots outline some bedding horizons within the lower
sheet. View is to south-southwest, 4 km southwest of Ice Box
Canyon. Relief of view in foreground is about 200 m.
Photograph by C.A. Evenchick. GSC 2003-319



siltstone intercalated with very fine-grained sandstone, and
5% orange-weathering claystone beds. It includes intervals
tens of metres thick of siltstone laminated to thinly interbed-
ded with medium-grained sandstone. Areas dominated by
siltstone and fine-grained sandstone have lenses and sheets of
chert-pebble conglomerate. Some dark-weathering conglom-
erate has a high proportion of black siltstone clasts. In gen-
eral, sheets of conglomerate are more common in the lower
part of the Todagin assemblage, and lenses are more common
in the upper part. In one area lenses are stacked to 350 m thick
(Fig. 42).

Farther south (south of Tsetia Creek), more than 90% of
the Todagin assemblage is composed of intensely cleaved
black or dark grey, parallel-laminated siltstone. Less than 7%

of strata are orange-weathering sandstone in thick laminae to
very thin beds. Poorly developed crosslamination in starved
ripples occur locally. Pebble conglomerate in sheets less than
20 m thick comprise less than 3% of the unit, and clasts are
less than 2 cm across. These strata probably overlie strata
north of Tsetia Creek.

In the Joan Lake region the base of the Todagin assem-
blage overlies Spatsizi Formation in the core of the Joan Lake
Anticline and along the northeast limb of the Eaglenest
Syncline (cross-sections F-H, O-Q, R-S, W-X; see Fig. 171).
The top of the unit is exposed 2 km south of Will Creek in the
core of the Eaglenest Syncline. From projection of the bottom
of the unit exposed around the Spatsizi Formation in the Joan
Lake Anticline, downplunge into sections farther southeast
where the upper contact is exposed, the unit is estimated to be
at least 1500 m thick. Strata farther south are intensely
deformed, but a crude estimate of thickness is at least 2000 m
(cross-section T-V, see Fig. 171). Conglomerate and silt-
stone, which are laminated and interbedded with fine-grained
sandstone, constitute about 30% and 70% of the unit, respect-
ively, north of the Joan Lake Anticline. Southwest of the
anticline the unit is composed mainly of dark-grey- and
black-laminated siltstone (90%), medium-grained sandstone
(>5%), and rare lenses of chert-pebble conglomerate (<5%).
Its middle to upper parts includes 10–30 m intervals with up
to 20% massive medium-grained sandstone beds 2–5 m thick.
Todagin assemblage in the Joan Lake region is similar to that
between Eaglenest and Tsetia creeks in that about 50 m above
the base is a semicontinuous sheet about 40–300 m thick
dominated by chert-pebble conglomerate that comprises
overlapping lenses and discontinuous sheets. This interval is
thickest in the northeast, and in general thins and becomes
less continuous southward. Discrete lenses of conglomerate
are present higher in the section; they decrease in abundance
southward to comprise less than 5% of the unit in southern
parts of the Joan Lake region (Fig. 43). Near Denkladia
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Conglomerate

Figure 41. Folded Todagin assemblage south of Eaglenest
Creek, showing continuous conglomeratic sheet near the
base of the unit. Viewed to west-northwest, 10 km east of
the junction of Klappan and Little Klappan rivers. Width of
view is about 1.5 km at foreground. Photograph by
C.A. Evenchick. GSC 2003-321

Figure 42. Stacked lenses of conglomerate, about 350 m thick
in Todagin assemblage; viewed to southwest, north of Tsetia
Creek.Theentire stackedunit isoutlinedbydashed lines,anddot-
ted lines delineate some bedding horizons within the lens. The
solid line is the ridge-line. Photograph by C.A. Evenchick.
GSC 2003-322

Conglomerate

Figure 40. Overlapping lenses and sheets of conglomerate
stepping upsection laterally; view northwest, between Ice
Box Canyon and Eaglenest Creek. Dashed lines are along
bases of conglomerate sheets. Relief of view in foreground is
about 400 m. Photograph by C.A. Evenchick. GSC 2003-320



Mountain, the assemblage grades over perhaps 100 m into an
overlying lithofacies assemblage with increasingly more
abundant, massive, medium-grained sandstone, which is in
turn overlain by another lithofacies assemblage with abun-
dant conglomerate sheets up to 20 m or more thick, and local
coal (cross-section W-X, see Fig. 171; Fig. 44).

In the Griffith Creek region (Fig. 36), Todagin assem-
blage overlies Triassic strata with angular unconformity, and
Spatsizi Formation is absent. The unit is about 3000 m thick
(cross-sections JJ-KK, LL-MM, see Fig. 172). The basal
50–300 m is dominated by black- and dark-grey-weathering
siltstone and fine-grained sandstone with orange-weathering

claystone beds up to 12 cm thick (Fig. 45). Above is a succes-
sion 50–80 m thick of overlapping sheets of chert-pebble con-
glomerate (Fig. 46, 47). The top 2500 m is composed mainly
of fine-grained lithofacies, but includes minor medium-
grained sandstone and conglomerate. It is overlain at its south
boundary by a sandstone-rich unit.
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Figure 43. View northwest to Todagin assemblage south of
Joan Lake Anticline, showing the low proportion of conglom-
erate (outlined by dashed line) relative to areas farther north.
Dark-weathering strata are siltstone and fine-grained sand-
stone. Width of view in foreground is about 1 km. Photograph
by C.A. Evenchick. GSC 2003-323

Eaglenest assemblageTodagin assemblage Muskaboo Creek assemblage

Figure 44. View northwest to Todagin, Muskaboo Creek, and Eaglenest assemblages on the south ridge of
Denkladia Mountain. Dark-weathering and thinly layered siltstone and fine-grained sandstone of the Todagin
assemblage is on the far left. It is overlain by the Muskaboo Creek assemblage with sandstone sheets resistant to
weathering, and Eaglenest Creek assemblage with rusty-weathering conglomeratic sheets resistant to weathering.
Thickness of Muskaboo Creek assemblage is about 500 m. Photograph by C.A. Evenchick. GSC 2003-324

Figure 45. Siltstone near the base of the Todagin assem-
blage, typical of fine-grained lithofacies in the Griffith Creek
region; 4 km northwest of Sunday Pass. Scale is in centi-
metres. Photograph by C.A. Evenchick. GSC 2003-325



Farther southeast, Todagin assemblage in the Tuaton
region (Fig. 36) also has a low proportion of conglomerate. It
is exposed in two areas on either side of Tuaton Lake. North-
west of Tuaton Lake it is at least 1500 m thick (cross-section
BBB-CCC, see Fig. 172). The upper 1000 m is composed of
recessive and dark-weathering siltstone and fine-grained
sandstone with intervals 15–20 m thick dominated by
medium-grained sandstone interbedded and laminated with
siltstone and fine-grained sandstone. About 500 m from the
top of this sequence, poorly exposed, fine-grained lithofacies
is interbedded with several 4–30 m thick intervals of
chert-pebble conglomerate and medium-grained sandstone;
conglomerate has horizons of siltstone clasts near the base.
Medium-grained sandstone in this part of the unit includes

slightly to moderately curved trace fossils up to 1 cm wide
and more than 8 cm long. At the top, white-weathering,
medium-grained sandstone is overlain by a unit with a high
proportion of sandstone and conglomerate. Below the upper
1000 m of section, the structure and thickness are not well
known. Several bedding-parallel faults are present, but the
degree of repetition of strata is unknown. Rock types are
mainly siltstone with laminae or thin beds of fine- to medium-
grained sandstone and uncommon resistant weathering beds
of grey, medium-grained sandstone up to 2 m thick; the sand-
stone varies to pebbly sandstone and locally includes siltstone
clasts. Beds 10–30 cm thick are composed of graded sand-
stone with sharp bases which fine upward into siltstone.

Southeast of Tuaton Lake, Todagin assemblage is exposed
in the hanging wall and footwall of a thrust fault with Spatsizi
Formation in the immediate hanging wall (cross-section
DDD-FFF, see Fig. 172). The base and top of the assemblage
are exposed in the hanging wall, but the internal structure is
not well known; the thickness estimated from the cross-sec-
tion is about 1500 m. Above the thrust fault, ‘pyjama beds’ of
the Spatsizi Formation, with well bedded, grey limestone, is
overlain by recessive-weathering, black siltstone typical of
the Todagin assemblage. Up to 98% of the unit is dark-grey-
or black-weathering siltstone and very fine-grained sand-
stone laminated with rare orange, rusty-weathering, fine- to
medium-grained sandstone. The lighter weathering sand-
stone has common, fine, curvilinear, black trace fossils less
than 1 mm wide and 0.5–1 cm long. Above the basal 500 m,
rare beds of medium-grained sandstone up to 1 m thick occur
every 100–200 m. In general, a higher proportion of fine- to
medium-grained, dark-weathering sandstone is present
higher in the unit. Intense cleavage and common bioturbation
have obliterated bedding in many places. At the top, the pre-
dominantly dark siltstone and fine-grained sandstone grades
over about 50 m through a succession with a higher propor-
tion of well bedded, medium-grained, thinly bedded sand-
stone with burrows (including Skolithus), and graded
bedding, into the overlying assemblage which has more than
85% medium-grained sandstone. In the footwall of the thrust
fault the Todagin assemblage is dominantly black, fine-
grained sandstone and siltstone with thin buff- and rusty-
weathering, medium-grained sandstone. The medium-
grained sandstone comprises 5–20% of the unit, and the fine,
curvilinear trace fossils are common.

Todagin assemblage is also exposed in the Taylor Peak
region (Fig. 36); its thickness in this region is unknown.
North of Mount Umbach at least 500 m of the assemblage is
composed of 90% very fine-grained black sandstone, locally
laminated with brown-weathering, medium-grained sand-
stone. Fine trace fossils are common. Medium-grained sand-
stone is rare, and is locally crosslaminated and graded. This
succession is overlain on the north by a sand-rich (shelf)
lithofacies assemblage. Near the south contact, the domi-
nantly fine-grained succession includes 5 m intervals of peb-
bly sandstone, sandy conglomerate, conglomerate, and
medium-grained sandstone. Farther northwest (3 km east of
Taylor Peak) is at least 300 m of fine-grained lithofacies. It
consists of massive beds of black, fine-grained sandstone or
green-brown-weathering, medium-grained sandstone fining
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Figure 46. Lateral accretion within conglomerate sheet near
base of Todagin assemblage in the Griffith Creek region.
View south-southwest; light-coloured cliffs are conglomerate.
Underlying and overlying dark rocks are siltstone and fine-
grained sandstone, with minor medium-grained sandstone.
Relief of view of foreground is about 100 m. Photograph by
C.A. Evenchick. GSC 2003-326

Figure 47. Clast-supported chert-pebble conglomerate typical
of Todagin assemblage, about 4.5 km northwest of Sunday
Pass. Thickness of conglomerate is 2 m. Photograph by
C.A. Evenchick. GSC 2003-327



up to black, fine-grained sandstone and siltstone in beds 2–4 cm
thick. Parallel lamination and fine, curvilinear trace fossils
are common. Where 1–2 m thick massive, medium-grained
sandstone is present it includes crossbedding, and flame-
and-load structures. About 100 m below the upper contact is a
light-grey-weathering lens about 100 m thick composed of
conglomerate beds 1–5 m thick and sandstone 2–15 cm thick.
In the upper 50 m of the unit, the fine-grained lithofacies
includes medium-grained sandstone beds with wispy
crosslaminations, graded bedding, and the trace fossils
Diplocraterion, and Skolithus. One lens of massive,
grey-weathering, medium-grained sandstone, 8 m thick
includes 15 cm of bivalve coquina, and a horizon of matrix-
supported conglomerate near the top. This upper 50 m includes
relatively shallow-water features, and reflects a transition
into the overlying deltaic lithofacies assemblage. Although
the succession includes medium-grained sandstone, it is con-
sidered Todagin lithofacies assemblage based on the high
proportion of siltstone, very fine-grained sandstone, and
lenses of conglomerate. The upper 50 m, with shallow-water
features, is too small (at the current scale of study) to map as a
separate lithofacies assemblage.

Two areas of Todagin assemblage with poorly known
structure and succession are in east Spatsizi River map area.
Eleven kilometres south of Mount Skady at least 300 m of
black siltstone and very fine-grained sandstone structurally
overlies Sustut Group in fault contact, and is overlain
abruptly by a sandstone-rich unit (cross-section Y-BB, see
Fig. 171). Between Spatsizi River and Buckinghorse Creek,
in the Buckinghorse region, at least 500 m of mainly black
siltstone and fine-grained sandstone overlies the Sustut
Group in thrust-fault contact; the southern part of the succes-
sion was not examined. About 75% of the northern part is
strongly cleaved siltstone and very fine-grained sandstone,
20% medium- to coarse-grained sandstone, and less than 5%
is chert-pebble conglomerate. Siltstone occurs as dark-
weathering, laminated intervals tens of metres thick with
buff- and rusty-weathering claystone beds to 15 cm thick, and
is also commonly interlaminated and thinly interbedded with
medium-grained sandstone and calcareous sandstone.
Medium- to coarse-grained sandstone weathers green or
rusty, or brown where calcareous. Sandstone is laminated
with siltstone as described above, or forms poorly bedded to
massive intervals up to several metres thick. Where associa-
ted with chert-pebble conglomerate, the sandstone locally has
rare clasts of siltstone to 20 cm in diameter. Chert-pebble con-
glomerate units are 0.5–4 m thick commonly, and rarely to
10 m thick. Conglomerate is clast supported and massive to
poorly bedded. The succession is probably structurally com-
plex, but consistently dips southerly. Assuming that the
northern part of the section has the lowest strata, there is an
increase in chert clast size in conglomerate upward in the unit
from 1–4 cm, and an increase in thickness of resistant weath-
ering intervals of sandstone and conglomerate from 5 m or
less, to 40 m. The top of the succession examined is more than
200 m thick; it is predominantly well layered siltstone with
rusty-weathering, green sandstone beds 2–60 cm thick.

Todagin assemblage in the Tsatia–Todagin region is not
complexly deformed and both base and top are exposed. It
stratigraphically overlies the Spatsizi Formation and is at
least 1100 m thick (Fig. 48, on CD-ROM; cross-section
KKKK-MMMM, see Fig. 173). Measured sections (Fig. 48)
illustrate that it is dominated by the fine-grained lithofacies.
Conglomerate occurs both as discrete lenses and as com-
plexes of laterally overlapping lenses to discontinuous sheets.
Detailed examination of the region (Green, 1992) resulted in
division of the unit into three ‘assemblages’ (Table 7). The
fine-grained lithofacies (of this report) corresponds to the
“Prodelta–Slope” assemblage, which Green (1992) divided
into slope, overbank, and slump facies. The slope facies is
characterized by thinly laminated to bedded mudstone to very
fine-grained sandstone which exhibits normal grading and
common syndepositional deformation structures. The
overbank facies is composed of thin- to medium-bedded,
fine- to medium-grained sandstone with ripple cross-stratifi-
cation and local rip-up clasts. The slump facies comprises
local internally deformed beds of fine-grained sandstone to
chert-pebble conglomerate with a basal syndepositional
décollement. Syndepositional deformation structures in the
Tsatia region (e.g. Fig. 49) are described by Kaip (1990). Con-
glomeratic units of the Todagin assemblage correspond to the
“Submarine Canyon–Gully Assemblage”, in which Green
(1992) described a channel facies. It is composed of moderate
to well sorted chert-pebble conglomerate with inverse and
normal grading. The a-axes of imbricated pebbles are ori-
ented parallel with flow (Fig. 48). The conglomerate bodies
commonly form isolated (Fig. 50) or overlapping lenses. One
well exposed conglomerate body, called the ‘Waterfall con-
glomerate’ (Fig. 51) changes down depositional dip, over 2
km, from poorly sorted conglomerate with indistinct bedding,
to more distinctly stratified and sorted, and finally well sorted
conglomerate with a higher proportion of interstratified sand-
stone, and strongly imbricated clasts. More laterally continu-
ous sheets of chert-lithic, pebble to boulder conglomerate,
which are poorly sorted and have rare inverse grading, consti-
tute an inner fan facies of the “Submarine Fan Assemblage”
(Table 7). Five measured sections contain 1052 m, 432 m,
450 m, 356 m, and 202 m of Todagin assemblage (Fig. 48);
none are complete sections of the unit.

East of Todagin Creek, Todagin assemblage exhibits the
same characteristics as described above. In both regions it is
overlain by a unit with a high proportion of sandstone.

Age of the Todagin assemblage. Age of the Todagin
assemblage is constrained by macrofossils within the unit and
in bounding units. In many places, underlying Hazelton
Group has fossils as young as Bajocian. Although fossils
(mainly ammonites) within the Todagin assemblage range
from Bathonian to early Oxfordian (one is late Oxfordian), in
one area the base of the unit is about 1800 m stratigraphically
above latest Jurassic or earliest Cretaceous fossils, which
requires that the Todagin assemblage is locally at least as
young as latest Jurassic. The assemblage is overlain
gradationally by, and interfingers laterally with Bathonian
and younger shallow-marine and deltaic strata. The range in
age of the unit in any one area is more restricted than the unit
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Occurs in slope facies.
Conglomerate bodies occur as wedges from 5 m thick, 20 m wide to coalesced offstacked wedges 100 m think, 400 m wide.
Conglomerate bases are abrupt, and commonly occupy scours cut into slope facies; channel margins pinch out laterally.
Conglomerate bodies are rarely associated with coarsening-upward trends.
Conglomerate >30 m thick represents a series of (off) stacked wedges locally spearated by finer grained rocks <50 m thick.
Distinct internal stratification in conglomerate is manifested by lenses of fine- to medium-grained sandstone beds 5–40 cm thick.
Bedform geometries are commonly planar to slightly wavy and rarely contain low-angle foresets; discontinuous sandstone beds
occur between foresets.
Inverse to normal grading is common; trough cross-stratification is absent.
Clasts are moderately to well sorted; prominent a/b plane imbrication is defined by subrounded to well rounded tabular clasts;
imbricated clasts commonly display a-axis orientation parallel to flow direction and dip upcurrent.
Clast framework is intact to condensed; framework:matrix ranges from 4:1 to 3:2.
Matrix is composed of fine- to medium-grained, poorly sorted chert-rich sandstone.
A conglomerate unit in the upper part of the slope facies on Tsatia Mountain (the “Waterfall conglomerate”) is 2–50 m thick; it
changes in character down depositional axis (SSW) over 2 km as follows: in the north, conglomerate is poorly sorted, indistinctly
bedded and rusty weathering; farther south, the conglomerate is sorted, more distinctly stratified, and grey weathering; in the
southernmost area, clasts are strongly imbricated (a-axis parallel with flow) with dip upstream, well sorted, and the conglomerate
contains a higher proportion of interstratified sandstone.
In thin section, conglomerate is submature, moderately sorted; clasts are <1 cm to >10 cm (mean 4–6 cm); framework is intact
to dispersed; grain boundary contacts between framework grains are typically straight and tangential; less commonly sutured.
Framework and matrix are: 40% massive chert, 20% very fine-grained silty chert or altered volcanic rocks, 30% radiolarian-
bearing chert, 3% opaque (?iron oxide and pyrite), 1–2% detrital glauconite with fibrous habit, 5% rock fragments of
monocrystalline feldspar.

≤ ≤ ≤
≤ ≤

Silica in the form of chalcedony and mega- and micro-quartz is the predominant cement; chlorite (penninite) is the secondmost
abundant cement, and opaque iron oxides the third; silica and chlorite cements formed penecontemporaneously.

Occurs in all sections, with a striped appearance from a distance.
Dark grey siltstone monotonously interbedded with buff-weathering mudstone and very fine-grained sandstone.
Most beds are laterally continuous and average 2–5 mm thick, rarely to 20 cm.
Normal grading is common: tan-weathering, fine-grained sandstone grades to grey siltstone and shale; each shale bed is
abruptly overlain by sandstone at the base of the next bed.
Pinch and swell of individual beds is common; locally beds appear boudinaged; sporadic flame structures verge south.
In thin section, textures are obscured by pervasive calcite cement; sorting is poor to moderate; textural maturity is immature to
submature.
Framework:matrix = approximately 50:50.
Siltstone and very fine-grained sandstone composition is: 20–65% subrounded to angular massive chert, 5–10% monocrystalline
quartz, 5% feldspar, 1–3% opaque minerals, 1–2% glauconite, 40% calcite cement.≤ ≤
The 0.5–1.0 cm rind of buff to beige weathering which occurs in 10% of the beds is rich in amorphous iron oxides.
Extensive bioturbation occurs sporadically.

Occurs as relatively resistant-weathering intetmittent sandstone units 2–22 m thick within the slope facies.
Tan to light grey, very fine-grained to fine-grained sandstone units are laterally continuous (up to 50 m).
Beds are 5–30 cm thick, and display parallel to wavy bedding, ripple cross-stratification, and include rare siltstone rip-up clasts
to 3 cm long.

Occurs within slope facies.
Characterized by numerous soft-sedimentary deformation structures from small (mesoscopic) to large scale (tens of metres).
Small-scale structures include flame structures, convolute bedding, synsedimentary faults, sandstone dykes, boudinage beds.
Large-scale structures are: slides (coherent mass transported on a basal detachment) of undeformed sandstone and
conglomerate units in blocks up to 20 m thick and 250 m long; and slumps (more intensely deformed slides) which are
composed of fine-grained sandstone to conglomerate folded within a shaly host rock.

Unit pinches and swells laterally about 2 km and ranges from 20–40 m thick; overlain and underlain by slope facies.
Conglomerate beds 25 cm to 2 m thick, separated by 5–10 cm planar beds of siltstone to fine-grained sandstone.
Bed contacts are sharp, planar to undulatory.
Conglomerate is massive to inversely graded, with very poor to moderate sorting.
Clast imbrication is weak; occurs in inversely graded beds.
About 50% clast supported, 50% matrix supported; framework:matrix ranges from 4:1 to 1:1.
Framework and matrix are composed of: 25% buff and grey weathered mudstone to siltstone rip-up clasts, 80% chert,
5% broken pelecypods and gastropods, 5% coalified wood fragments, <5% felsic volcanic rocks.

≤ ≤
≤
In moderately sorted beds the matrix is fine- to medium-grained sandstone.
In massive, poorly sorted beds the matrix is mudstone and siltstone.
Rip-ups vary widely to boulder size, range from subangular spheres to elongate laths, and have faint internal bedding.
Large rip-ups generally occur in the upper parts of high conglomerate units.
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Table 7. Table of characteristics of assemblages and facies of the Todagin assemblage in Tsatia–Todagin region,
from Green (1992).



as a whole, and the lateral variation in upper and lower age
limits reflects the migration of facies boundaries with time.
Some of the first-order relationships are summarized below.
The locations of fossils from the Todagin assemblage are
shown in cross-sections listed earlier and on a compilation
map (Fig. 52, on CD-ROM); approximate stratigraphic posi-
tions within each region are depicted in Figure 53.

Fossils in the Tsatia region are grouped into three geo-
graphic areas for discussion (cross-section KKKK-MMMM,
see Fig. 173). North of Todagin Creek, Bathonian fossils
occur near the base of the unit and Bathonian, and late
Bathonian to middle Callovian age is represented about
1100 m higher. Farther south, at Tsatia Mountain, fossils near
the top of the assemblage are Callovian, and Callovian or
Oxfordian, but are overlain by shallow-marine facies with
early Callovian fossils, restricting the top of the Todagin

assemblage in this area to early Callovian. These strata are at
about the same stratigraphic level as those north of Todagin
Creek. Farther south, several collections near the top of the
Todagin assemblage are early Oxfordian. These relationships
indicate that the assemblage prograded southerly in the
Bathonian to early Oxfordian.

In the northernmost Eaglenest region the base and to
about 1200 m above the base of the unit are Bathonian
(Fig. 53). South of Eaglenest Creek, Callovian fossils occur
about 700 m above the base of the unit, whereas probable
Callovian fossils farther north are in deltaic facies. Therefore,
as in the Tsatia region, and as shown in cross-section A-C, the
uppermost Todagin assemblage moved southward in the
Bathonian and Callovian.

Bathonian fossils also occur at the base of the unit in the
Joan Lake region (cross-section F-H, see Fig. 171). Fossils
higher in the succession there are: early Callovian about
700 m above base in the northwest; at the Bathonian–
Callovian boundary at the top of the unit in the central region,
and early or middle Callovian, and middle Callovian near the
top of the unit in the southeast part of the region. These
relationships suggest that the top of the unit is younger in the
south and/or southeast. There are no fossil collections from
upper Todagin assemblage in the southern Joan Lake region,
but immediately overlying deltaic facies contain early
Oxfordian and late-early Oxfordian fossils.

South of Mount Skady Middle Jurassic fossils occur about
150 m below the top of the Todagin assemblage (cross-section
Y-BB, see Fig. 171). Fossils from about 150 m above the con-
tact are late Bathonian and late Bathonian or early Callovian,
which requires that the top of the Todagin assemblage in this
region is late Bathonian or near the Bathonian–Callovian
boundary. This is the most northerly occurrence of Todagin
assemblage in the east part of the map area; the relatively old
age of its top is consistent with regional southerly prograda-
tion of the unit.
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2 m

Figure 49. View west to folded sandstone lens inferred to be a slump fold; upper Todagin assemblage on Todagin
Mountain (see Kaip, 1990). Photograph by G.M. Green. GSC 2003-328

Figure 50. View north-northwest to conglomerate lenses in
Todagin assemblage north of Todagin Creek. Largest iso-
lated lens (channel) in centre is about 100 m thick. Bases of
three conglomerate lenses are indicated by dashed lines.
Photograph by C.A. Evenchick. GSC 2003-329



In the Griffith Creek region the succession is about 3000 m
thick. Several early or middle Callovian fossil collections
were taken from about 200 m to 1200 m above the base, and a
late Callovian sample was collected within 300 m of the top;
early Oxfordian fossils are at the top (cross-sections JJ-KK,
LL-MM, see Fig. 172). Progradation cannot be demonstrated
within this area, but late Bathonian age or older for the top of
Mount Skady section is consistent with southerly
progradation between the Griffith Creek and Skady regions
(Fig. 53).

Stratigraphic positions of fossils in the Buckinghorse
region are poorly constrained. Early Oxfordian fossils occur
more than 500 m above base and at least 200 m below the top.
Late Oxfordian fossils are more than 200 m above the early
Oxfordian collection. Although their stratigraphic position is
uncertain, these collections provide insight to regional
relationships because they are the youngest fossil collections
from within the unit, and because they require that the top of
the unit be significantly younger than in adjacent regions.
Two factors probably contribute to the discrepancy in age
between this region and the nearby Joan Lake and Griffith
Creek regions. One is that it is south of the adjacent areas, and
the young ages may reflect southward progradation of the
unit. Another factor is that this area is between two major
dip-slip faults which dropped this block relative to the Joan
Lake and Griffith Creek areas. The result is that these strata
are probably from a higher thrust sheet (which travelled far-
ther northeastward on contractional structures) than Todagin
assemblage in adjacent regions, and therefore represent a
more southwesterly part of the unit. The relative youth of
these strata is further manifestation of southerly progradation
of the unit.

The one collection of fossils from Todagin assemblage in
the Taylor Peak region is about 600 m below the top of the
unit and is Oxfordian. Other local constraints on age are:
1) probable Middle Jurassic fossils in immediately overlying
strata north of Thule Mountain, 2) probable early Oxfordian
fossils in overlying strata west of Happy Lake, and 3) prob-
able early or middle Oxfordian fossils from overlying strata
south of Mount Umbach (Fig. 52; cross-section XX-AAA,
see Fig. 172). There are no collections from the Todagin
assemblage in Tuaton region, but two early Oxfordian collec-
tions occur at least 1500 m above the top of the unit (cross-
section DDD-FFF, see Fig. 172). The stratigraphic position
of fossil collections in the Maitland area are unknown
because of complex structure. Most age determinations are
long-ranging; the most restricted is probably Bathonian to
middle Oxfordian (Fig. 52).

In summary, fossils from within and bounding the Todagin
assemblage indicate that the unit prograded southerly or south-
westerly from the Bathonian to early Oxfordian. The assem-
blage, interpreted below as having been deposited in slope and
related environments, is overlain in northerly exposures by
facies more proximal to the source (shelf and delta) which are
the same age as Todagin assemblage farther south and south-
west. The youngest collection of fossils, and probably the most
distal from source, is late Oxfordian. The youngest strata, how-
ever, are in the southwest corner of the map area, where the
base of the Todagin assemblage is about 1800 m above
Tithonian or Berriasian fossils, requiring that the base of the
Todagin assemblage is as young as latest Jurassic or earliest
Cretaceous, and indicating south and southwestward
progradation of the unit beyond the regions in the north. On a
more regional scale, the common occurrence of Oxfordian
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Eaglenest
assemblage

Upper 363 m of
section EPG-90-V

Muskaboo Creek
assemblage

Todagin
assemblage

“Waterfall
conglomerate”

Figure 51. View northwest to Tsatia Mountain, with Todagin assemblage at base, Muskaboo Creek assemblage in
middle, and rusty-weathering sheets of conglomerate of the Eaglenest assemblage at the top. The ‘Waterfall con-
glomerate’ is the light-grey, semicontinuous band at the top of the lower third of the succession, and marks the top of
the Todagin assemblage. Photograph by G.M. Green. GSC 2003-330
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fossils within the Todagin assemblage southeast of Spatsizi
River area (Evenchick et al., 2001b), indicates that facies
boundaries trended more easterly than the present boundaries
of the basin.

Correlation of the Todagin assemblage. The Todagin assem-
blage comprises the majority of what was previously mapped
as the Ashman Formation by Gabrielse and Tipper (1984).
The Ashman Formation was defined in the southern Bowser
Basin for dark grey to black shale, feldspathic to quartzose
sandstone, greywacke, chert-pebble conglomerate, and
greywacke conglomerate, with minor limy lenses and rare
thin beds of tuff, of late Bajocian through early Oxfordian age
(Tipper and Richards, 1976). Tipper and Richards (1976)
noted that because it is near the margin of the basin, the type
section has a higher proportion of coarse clastic rocks than
more distal sections. The name was then used in Spatsizi
River area for Bathonian to early Oxfordian rocks (Gabrielse
and Tipper, 1984), and as in the south, it was applied to a vari-
ety of facies. This application of the term resulted in a map-
ping problem wherein a range of assemblages could be
Ashman Formation as long as they were Bathonian to early
Oxfordian. For this reason, Evenchick and Thorkelson (1993)
used the term in a more lithologically restricted way, to refer
to an assemblage dominated by finely laminated black shale
and massive black siltstone, and including lenses of
chert-pebble conglomerate. The assemblage is herein named
Todagin assemblage after Todagin Mountain, which has
exposures typical of the unit. The name Ashman Formation is
dropped for the northern basin because the Ashman Forma-
tion in the southern Bowser Basin is lithologically different
from the rocks to which the name was applied in the north;
and as applied, the formation includes a range of facies of a
specific age, but in order to assess the distribution of
lithofacies assemblages in space and time, different
lithofacies must be mapped independently of age. The
Todagin assemblage includes much of the area that was
formerly mapped as Ashman Formation, but excludes prominent
cycles of rusty-weathering conglomerate-sandstone-siltstone.
A significant difference from the Ashman Formation is that
its age, which is now known to range younger than the upper
limit (early Oxfordian) of Ashman Formation defined by Tip-
per and Richards (1976) is not regarded as a defining factor.
The Todagin assemblage corresponds in space to “A1and
A2“of “Facies Belt A” (Duti River–Slamgeesh) of Eisbacher
(1974a) in east Spatsizi River area, but in detail they do not
correspond lithologically. In the rest of Spatsizi River area,
Eisbacher (1976) included most of the Bowser Lake Group,
including Todagin assemblage, in a “channel facies”. Bustin
and Moffat (1983) correlated parts of their Jackson unit
(Table 6) with the Ashman Formation, presumably following
the definition of Tipper and Richards (1976) based on age.
There is no Todagin assemblage in the areas examined by
Bustin and Moffat (1983).

Interpretations of depositional environment and regional
relationships of the Todagin assemblage. The fine-grained
lithofacies which dominates the unit is interpreted to have
been deposited in slope environments from hemipelagic and
pelagic sources, as well as from turbiditic input of overbank

deposits from submarine channels. Slump and debris-flow
deposits common in the unit are also associated with slope
environments. Within the fine-grained lithofacies are abun-
dant lenses of conglomerate; these are interpreted to be
infilled submarine canyons on the slope which fed debris to
fans at the base of the slope. Some sandstone beds in the unit
are turbidite deposits resulting from overbank deposition
(Green, 1992), whereas sandstone beds at the top of the unit
contain features indicative of shallow-marine deposition, and
probably reflect a transition into shallower marine condi-
tions. The more sheet-like conglomerate units are inferred to
be inner fan deposits of submarine fans (Ricketts and
Evenchick, 1991; Green, 1992); they occur only in the Joan
Lake and central Eaglenest regions, near the base of the unit.

Relationships inferred from the regional distribution of
the Todagin assemblage and its age (expressed in cross-
sections and Fig. 53) are the following. 1) In places where the
base is exposed, sheets of conglomerate are closer to the base
of the unit whereas channels are higher. This is interpreted to
be a result of migration of slope environments over more dis-
tal (inner submarine fan) regions. 2) Todagin assemblage in
eastern Spatsizi River area contains notably less conglomer-
ate, indicating that either the main drainages were in the
northwest or that the main depocentre in the east is not
exposed. 3) Todagin assemblage underlain by a unit of sandy
turbidite west of Bell-Irving River indicates progradation of
Todagin assemblage over more distal (submarine fan)
deposits. 4) Up to 50% of the southern Maitland area is under-
lain by strata which future studies may determine to be more
appropriately assigned to other lithofacies assemblages. The
sparsely mapped area probably overlaps a gradational contact
between the slope and submarine fan lithofacies assemblage,
and the southern limit of Todagin assemblage is placed at the
southmost exposure with more than 200 m of fine-grained
lithofacies. 5) South and southwest progradation of the unit
can be argued for the Tsatia and Eaglenest regions, and across
the combined Skady, Griffith and Taylor Peak, and
Buckinghorse regions. 6) In the Eaglenest region, the
Todagin assemblage increases in thickness southward over a
distance of 22 km (13% shortening restored) from 300 m to at
least 2500 m, with the depocentre in the north during the
Bathonian, having migrated south in the Callovian and late
Jurassic. This is one of the critical changes in assemblage
thickness and age that can be well documented in Spatsizi
River area.

Ritchie-Alger (submarine fan) lithofacies assemblage. The
southwest corner of Spatsizi River map area is underlain by a
distinctive assemblage at least 1800 m thick (Fig. 54, 55). It is
characterized by two lithofacies assemblages; one domi-
nantly silty, and one dominantly sandy, each forming units
3–40 m thick. The two varieties alternate vertically to give a
distinctive weathering pattern of light-coloured cliffs (sand-
stone lithofacies) separated by dark-weathering, more reces-
sive areas (fine-grained lithofacies) (Fig. 56, 57). The informal
name Ritchie-Alger assemblage was given to this unit
because the region between Alger Creek and Mount Ritchie
(in Bowser Lake area), has excellent and widespread expo-
sure of these strata.
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The fine-grained lithofacies is composed of recessive-
weathering, black siltstone and fine-grained sandstone with
parallel lamination, graded bedding, and local syndepo-
sitional folds (Fig. 58). It includes 3–15% medium-grained
sandstone laminae and thin beds, and in the lower part of the
section less than 1% grey bioclastic limestone in beds
10–50 cm thick. Fossils in the fine-grained intervals include
uncommon belemnites, pelecypods, and ammonites. The
sandstone lithofacies is composed of resistant light-grey- to
medium-grey-weathering, medium- to coarse-grained, lithic
chert arenite and lesser wacke. Beds are laminated to very
thickly bedded (1 cm to 2 m) and commonly separated by
laminated black siltstone or very fine-grained sandstone
(Fig. 59). Units of massive sandstone up to 8 m thick are prob-
ably made up of amalgamated beds. Parallel lamination,
graded bedding, and massive beds are common, as are
flute-and-groove casts on the bases of beds. Other features of
the sandstone are oblate rounded siltstone clasts, concretions,
broken plant debris concentrated on bedding planes, and
crossbedding. Sandy and silty lithofacies are interbedded and
arranged in TAE, TABE, TABCE, and TABCDE Bouma cycles
with the features noted above. Sandstone lithofacies varies
from 95% medium- or coarse-grained sandstone with 5%
siltstone interbeds (e.g. Fig. 57) and rare conglomerate, to
thin- and thick-bedded, medium-grained sandstone beds sep-
arated by 5–20 cm of siltstone which makes up 25% of the
unit. Thinning- and fining-upward is locally well developed
within successions of the sandy lithofacies assemblage. Con-

glomerate is rare and occurs in two variet ies .
Dark-weathering beds of matrix-supported, poorly sorted
conglomerate have abundant siltstone clasts in a muddy
matrix. Light-grey-weathering, clast-supported, moderately
to well sorted, chert-pebble conglomerate comprises less than
2% of the section and is most common in the upper part of the
unit where it is 2–8 m thick and massive.

The folded, but more or less coherent ‘section’ immedi-
ately west of Bell-Irving River is at least 1800 m thick
(Fig. 54; Fig. 55, cross-section YYY-ZZZ). Similar strata
east of Alger Creek are roughly stratigraphically equivalent
to the lower 500 m of the ‘section’ west of Bell-Irving River,
based on projection of uppermost beds east of Alger Creek
(Fig. 55, cross-section WWW-XXX), into the western edge
of cross-section YYY-ZZZ. Primary differences between the
two areas are the presence east of Alger Creek of rare, thin,
bioclastic limestone beds, and up to 30 m of entirely medium-
grained sandstone. The Bell-Irving ‘section’, with abundant
sandstone, is overlain on the east by about 30 m of fine-
grained lithofacies which grades upward into a succession
more than 700 m thick composed of black siltstone and
fine-grained sandstone with lenses of conglomerate up to
150 m thick (Fig. 55); medium-grained sandstone is associa-
ted only with conglomerate. Based on the assemblage of
lithofacies, these strata are assigned to the Todagin assem-
blage. The contact is placed in the 30 m interval of fine-
grained lithofacies between the succession with abundant
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Figure 55. Cross-section and diagrammatic stratigraphic section of the Ritchie-Alger (submarine fan) lithofacies
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from cross-section interpretation, field observations, and photographs. See Figure 54 for location of cross-section.
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Figure 56.

View east-southeast to Ritchie-Alger (submarine fan) lithofacies
assemblage west of Bell-Irving River. Light-coloured intervals
are dominated by sheets of medium-grained sandstone; dark-
weathering intervals are dominated by siltstone and fine-
grained sandstone. Farthest of the close ridges is underlain
mainly by siltstone and fine-grained sandstone with lenses of
chert-pebble conglomerate (Todagin assemblage). Distance
from foreground ridge to peak with marked conglomerate is
1 km. Photograph by C.A. Evenchick. GSC 2003-331



medium-grained sandstone sheets and rare conglomerate
below, and one with abundant, thick conglomerate lenses and
minor, medium-grained sandstone above (see Fig. 55). Black
siltstone and very fine-grained sandstone occur above and
below the contact.

Age and correlation of the Ritchie-Alger assemblage.
Three fossil collections from the assemblage contain Buchias
which are probably Tithonian or Berriasian; a fourth is confi-
dently Tithonian or Berriasian (Fig. 55; Appendix 1). All fos-
sil collections are from the lower 500 m of the turbidite
succession examined between Alger Creek and Bell-Irving
River (Fig. 55). Three of the collections are from talus blocks
and therefore may not be representative of the immediate
area, but they document that marine strata as young as Juras-
sic and probably earliest Cretaceous age occur in the Bowser
Basin. One collection from bedrock is of the same age range
(probably Tithonian or Berriasian). The presence of Todagin
assemblage at least 1800 m above latest Jurassic or earliest
Cretaceous Ritchie-Alger assemblage is a critical relation-
ship that requires that at least some Todagin assemblage is lat-
est Jurassic or earliest Cretaceous. The relative youth of distal
marine assemblages in the Bowser Basin was not recognized
prior to identification of the fossils from this section. The suc-
cession of Ritchie-Alger assemblage in southwest Spatsizi
River map area continues west from Alger Creek and goes
generally downsection into Telegraph Creek map area, where
late Oxfordian to early Kimmeridgian fossils are present
(Evenchick et al., 2001b). Two stratigraphically low fossil
collections, probably within a few hundred metres of the con-
tact with the Hazelton Group, are probably early
Kimmeridgian and probably late Bathonian or early
Callovian (Evenchick et al., 2001b). In total, the sandy
turbidite succession of Ritchie-Alger assemblage in south-
west Spatsizi River and southeast Telegraph Creek areas is
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Figure 57. View northward along bedding in the Ritchie-
Alger (submarine fan) lithofacies assemblage west of Bell-
Irving River, illustrating thickness and scale of units, and
dominance of dark, fine-grained rocks in the fine-grained
lithofacies. Light-grey, resistant parts are dominantly sand-
stone, dark-grey, recessive parts are dominantly fine-grained
sandstone and siltstone. Bases of sandstone-rich intervals
are commonly planar and sharp. Slope in foreground is about
200 m high. Photograph by C.A. Evenchick. GSC 2003-332

Figure 58. Parallel-laminated siltstone in the fine-grained
lithofacies of the Ritchie-Alger (submarine fan) lithofacies
assemblage, west of Bell-Irving River. Photograph by
C.A. Evenchick. GSC 2003-333

Siltstone and
fine-grained sandstone

SandstoneSandstoneSandstone

Figure 59. Beds of medium- to coarse-grained chert arenite
(light colour) in the sandstone lithofacies of the Ritchie-
Alger (submarine fan) lithofacies assemblage, west of Bell-
Irving River. Sandstone beds have planar base, and are sep-
arated by 3–15 cm of siltstone and very fine-grained sand-
stone (dark colour). Hammer is 33.3 cm long. Photograph by
C.A. Evenchick. GSC 2003-334



between 2500 m and 4500 m (or more) thick, and ranges from
late Middle or Late Jurassic, to latest Jurassic or earliest Cre-
taceous. Resolution of the structure and stratigraphic rela-
tionships in the Alger Creek and Iskut River valleys is
required for a more accurate estimate of the thickness.

The Ritchie-Alger assemblage is the northern part of a
large belt of similar strata, interpreted below as submarine fan
deposits, more than 2500 m thick on the western side of the
Bowser Basin (Evenchick et al., 1992; Evenchick et al., 2000,
2001b). Farther south, most fossils from the unit are late
Oxfordian to middle Kimmeridgian. Some are as old as
Bathonian, Callovian, and early Oxfordian, and others are as
young as early Kimmeridgian and late Oxfordian to
Tithonian. Less confidently determined bivalves are proba-
bly Tithonian or Volgian (latest Jurassic) or Volgian to
Berriasian (earliest Cretaceous) (Evenchick et al., 2001b).

Interpretations of depositional environment and regional
relationships of the Ritchie-Alger assemblage. The abun-
dance of graded bedding, flute-and-groove casts on the bot-
tom of medium-grained sandstone beds, turbidite units, and
the monotonous rhythmic repetition and lateral continuity of
beds suggest that these strata are turbidite deposits which
were deposited on the middle and lower fans of submarine fan
complexes (Walker, 1984). Strata of the fine-grained
lithofacies are interpreted as hemipelagic deposits and very
distal turbidite sequences which were deposited in interlobe
areas or regions distal to the main submarine fan complexes.
The sandy intervals are interpreted as middle and outer fan
deposits where most of the sand-sized material was depos-
ited. Within the sandy lithofacies, Bouma sequence types
TAE, TABE, and TABDE, as well as amalgamated massive beds
are common. The rare chert-pebble conglomerate beds are
considered to be inner fan deposits. Dark-weathering con-
glomerate with abundant siltstone clasts and muddy matrix
are debris-flow deposits from the slope. Cyclic alternation of
dominantly sandy lithofacies and fine-grained lithofacies on
scales up to 50 m, and local thinning- and fining-upward
sequences are interpreted to be a result of fluctuation between
mid-fan, outer-fan, and distal or interlobe environments dur-
ing lateral migration of the lobes. The presence of Todagin
(slope) assemblage above the Ritchie-Alger assemblage is
interpreted to be a result of progradation of the inner fan and
slope over the more distal submarine fan facies in southwest
Spatsizi River area in the latest Jurassic or earliest Cretaceous.
These deposits are a clear indication that relatively deep-
marine conditions persisted in the western Bowser Basin until
at least latest Jurassic time.

Muskaboo Creek (shelf) lithofacies assemblage. In several
regions (Fig. 60) Todagin assemblage is overlain by a succession
300 m to more than 1500 m thick which is dominated by
sheets of planar bedded, medium-grained sandstone,
interbedded with lesser, fine-grained sandstone, siltstone,
and conglomerate. The sandstone lithofacies is well bedded,
thin- to thick-bedded, locally has a calcareous matrix, and
includes bivalve coquinas and ammonites. Bioturbation is
common. Coarsening-upward cycles are apparent locally;
coarse-grained strata are generally more abundant higher in

the succession. Its contact with underlying strata is
gradational, and arbitrarily placed where sandstone begins to
occupy greater than 20% of at least 200 m of section. The
informal name ‘Muskaboo Creek assemblage’ was given to
this unit because Muskaboo Creek (in Bowser Lake map
area) is bounded to the northeast and southwest by numerous
ranges underlain by a sand-rich assemblage with marine fos-
sils and sedimentary structures indicative of shallow-marine
conditions (Evenchick et al., 2000; Evenchick et al., 2001b).

In the Tsatia–Todagin region the assemblage occurs on
Tsatia Mountain and the ridges east of Todagin Creek. It is
thickest on Tsatia Mountain, where it was studied in detail by
Green (1992). In five measured sections, Green (1992) exam-
ined 1052 m, 116 m, 200 m, 640 m, and 640 m of strata he
called “shelf assemblage” (Fig. 48). The unit gradationally
overlies the Todagin assemblage, and in the thickest section
(1052 m), it interfingers with the laterally equivalent and over-
lying conglomeratic lithofacies assemblage (“fan delta assem-
blage” of Green (1992)). The following description of the unit
is summarized from Green (1992). It is characterized by coars-
ening-upward cycles 5–30 m thick (Fig. 61), which are com-
posed of thinly bedded shale and minor mudstone at the base,
overlain by thinly layered micritic sandstone interbedded with
siltstone to fine-grained sandstone. Near the tops of cycles are
fine- to medium-grained sandstone with concretions 1 cm to
1 m in diameter. Sandstone (chert lithic arenite) has asymmet-
rical ripples and siltstone rip-up clasts. Coarser grained parts of
the cycles exhibit low-angle, planar cross-stratification; wavy
cross-stratification; planar beds; and hummocky cross-stratifi-
cation. Also near the tops of cycles are beds up to 20 cm thick
composed of disarticulated pelecypods, belemnites,
ammonites, and rare gastropods. Some cycles are capped by
chert lithic conglomerate, 15–25 cm thick. The conglomerate
is poorly sorted, includes rounded siltstone clasts and fossil
fragments, and has a matrix of siltstone and medium-grained,
poorly sorted, chert-rich sandstone. Conglomerate units to 5 m
thick are rare. The amount of carbonaceous material and pro-
portion of rusty-weathering to grey-weathering sandstone
increases near the top of each section.

In thin section the compositions of rocks in this assem-
blage are similar to channel conglomerate units of the
Todagin assemblage (see Table 7), with the addition of
chlorite rock fragments and micrite in fine-grained sandstone
and siltstone. The framework-to-matrix ratio of sandstone is
90:10; framework grains are intact, and grains vary from
rounded to angular, although most are subangular. Chert
lithic arenite units are composed of up to 40% chert, 30%
chlorite fragments, 15% altered volcanic rocks or silty chert,
up to 15% iron-oxide-stained rock fragments, 10% mono-
crystalline quartz, and 5% detrital feldspar. Postdepositional
cements are calcite, silica, chlorite, and lesser iron oxide.
Calcite cement locally constitutes up to 40% of the rock, and
silica is the initial cement.

In east Joan Lake area (cross-sections O-Q, T-V, W-X, see
Fig. 171), 400–600 m of medium-grained sandstone
interbedded with dark-weathering, fine-grained sandstone and
siltstone, and minor conglomerate, overlies the Todagin assem-
blage. Contacts are gradational over 30–100 m, and marked by
a gradual to abrupt increase in proportion of medium-grained
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sandstone (Fig. 44). Medium-grained chert arenite, lithic
arenite, and wacke occur as light-green- or dark-green- (and
locally white-) weathered, thin to very thick beds which are
commonly crossbedded and locally graded. Brown-buff-rusty-
weathered, medium-grained beds, 15–50 cm thick, have a cal-
careous matrix and locally include belemnites, pelecypods,
and ammonites; they constitute 10–20% of the succession.
Dark-weathering, medium-grained sandstone is locally

poorly indurated. Medium-grained sandstone is either inter-
bedded with fine-grained sandstone and siltstone, or forms
intervals up to 10 m thick which alternate with thinner bedded
and fine-grained rocks. The fine-grained lithofacies is com-
posed of laminated to very thinly bedded, dark-weathering
siltstone and fine-grained sandstone. Conglomerate occurs as
laterally continuous sheets 3–10 m thick which locally
coarsen upward and vary from matrix- to clast-supported; the
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matrix is fine- and medium-grained sandstone and occupies
about 10% of the unit. In general, sandstone, conglomerate,
crossbedded sandstone, and wood fragments increase in
abundance upward. Contacts with the overlying conglomer-
atic Eaglenest lithofacies assemblage are abrupt.

Southwest of Mount Skady, about 300 m of cliff-forming
sandstone abruptly overlies black siltstone of the Todagin
assemblage (cross-section Y-BB, see Fig. 171). At the base
the assemblage is brown-, rusty-, and green-weathering, medium-
grained sandstone with calcareous matrix and abundant pelecy-
pods, belemnites, ammonites, and local coquina. Above the
fossiliferous base, the sandy lithofacies is composed of thin-
to thick-bedded, rusty-, green-, brown-weathering, fine- to
medium-grained sandstone, which is interbedded with a fine-
grained lithofacies of siltstone, very fine-grained sandstone,
and thin beds of conglomerate. Calcareous sandstone has
abundant marine fossils and limestone concretions. Chert-
pebble conglomerate occurs as lenses 5–15 cm thick in the
sandstone lithofacies and constitutes less than 10% of the
unit. The primary difference between these strata and others
of the Muskaboo Creek assemblage is the relatively high pro-
portion of calcareous concretions and calcareous matrix in
sandstone and conglomerate. A fault-bounded succession of
dominantly sandstone occurs 1 km south of the strata
described above (cross-section Y-BB, see Fig. 171). The suc-
cession there is characterized by recessive, green- and
dark-grey-weathering, poorly bedded, fine- and medium-
grained sandstone with rare calcareous sandstone, and by
resistant, massive, green-weathering sandstone sheets made
of beds up to 1 m thick. Strata are fossiliferous, and sandstone
is interbedded on a scale of 5 cm to 100 cm with fine-grained
sandstone and siltstone. The lower part of the fault bounded
succession includes mature siliceous sandstone beds
30–100 cm thick.

In southeast Spatsizi River map area several incomplete
sections of the Muskaboo Creek assemblage were examined.
They occur southeast of Happy Lake, west of Happy Lake,
and southeast of Klahowya Lake (Fig. 60). Between
Klahowya Lake and Thule Mountain, Todagin assemblage
separates two areas of Muskaboo Creek assemblage in a
northeast-verging, steeply inclined to overturned series of
folds forming an anticlinorium. These partial sections of the
assemblage are described below.

Southeast of Happy Lake, in the Tuaton region, the
assemblage is at least 1500 m thick (cross-section DDD-FFF,
see Fig. 172). Its contact with the Todagin assemblage is
placed where a dominantly siltstone-rich succession typical
of Todagin assemblage grades through about 50 m into a sec-
tion which is greater than 85% medium-grained sandstone.
The sandstone lithofacies is resistant to weathering, both
dark- and light-weathering, and is commonly burrowed
(including Skolithus), has graded bedding, abundant parallel
lamination, and thin beds. Beds 2–5 cm thick fine upward
from medium-grained sandstone to black, fine-grained sand-
stone and siltstone with fine curvilinear burrows. More
mature and resistant, medium-grained sandstone is present in
the upper part of the succession, along with chert-pebble con-
glomerate in beds up to 1 m thick interbedded with laminated
to thin-bedded, medium-grained sandstone. At the highest
stratigraphic levels examined, several cliff-forming units up
to 30 m thick are composed of either interbedded conglomer-
ate and moderately immature sandstone, or clean, thin- to
thick-bedded, medium-grained chert arenite. The highest
beds include abundant belemnites; large, coarsely ribbed
pelecypods (to 10 cm); large ammonites; and concretions
8–12 cm across with ammonites. Coarse-grained intervals are
separated by up to 200 m of dark, fine- and medium-grained,
burrowed sandstone which includes burrows oblique to bed-
ding, fine curvilinear burrows, and the trace fossil
Diplocraterion. The top of the succession was not examined.

West of Happy Lake, about 1000 m of the assemblage
gradationally overlies the Todagin assemblage (cross-section
XX-AAA, see Fig. 172). Underlying strata (Todagin assem-
blage) are composed of more than 80% laminated, black
siltstone and fine-grained sandstone, and less than 20% brown-
weathering, laminae to thinly bedded (15 cm), medium-
grained sandstone; near the contact, sandstone increases in
abundance upwards. The contact is placed at the base of a cliff
made of 15 m of light-grey-weathering, medium- to thick-
bedded, massive, medium- to coarse-grained sandstone.
Immediately above are thin intervals of black siltstone
interbedded with dark, thin-bedded, fine- and medium-grained
sandstone and light-grey- to rusty-weathering, thick-bedded
and massive medium-grained sandstone. The two main
lithofacies in the lower 300 m of the Muskaboo Creek assem-
blage are 1) thin-bedded, moderately recessive, dark-
weathering, fine- to medium-grained sandstone; and
2) thick-bedded, resistant, grey- to white-weathering, mas-
sive, medium-grained sandstone which is locally platy and
parallel laminated. In the upper two-thirds of the unit,
thick-bedded, locally bioturbated, medium-grained sand-
stone increases in abundance upwards to account for about
90% of the section near the top, in what might be a gradation
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Todagin assemblage

Sandstone sheets

Muskaboo
Creek
assemblage

Figure 61. View east to Muskaboo Creek assemblage on west
side of Tsatia Mountain, showing cyclic nature of sandstone
units. Cliff-forming unit near base is the ‘Waterfall conglom-
erate’ at the top of the Todagin assemblage. Arrows point to
four of the many sandstone sheets in the Muskaboo Creek
assemblage. Width of view of background ridge about 1.2 km.
Photograph by G.M. Green. GSC 2003-335



to the overlying (but unexposed) lithofacies assemblage. It
hosts pelecypods, belemnites, and bivalve coquinas up to 10 cm
thick. Sandstone includes lenses of chert-pebble conglomer-
ate which are locally overlain by crossbedded sandstone and
pebbly sandstone. Conglomerate is generally clast supported
and increases in thickness upwards from about 10 cm near the
base of the unit to about 10 m near the top. The conglomerate
also increases in proportion from less than 2% in the lower
and middle part to about 10% in the upper part, where it
occurs as sheets. Near the top of the section are several cycles
about 10 m thick, which coarsen upward from black, fine-
grained sandstone, to medium-grained sandstone, to a cap of
1–3 m of chert-pebble conglomerate. Based on an interpreta-
tion of the structure as shown in cross-section XX-AAA (see
Fig. 172), the southern contact with Todagin assemblage
appears to occur at a higher stratigraphic level than the north-
ern contact.

Farther to the northwest, south of Klahowya Lake, at least
300–400 m of medium-grained sandstone occurs as green-,
grey-, and brown-weathering beds which form 60% of the
unit (Fig. 62; see also cross-section QQ-SS, Fig. 172). The
sandstone is commonly in intervals 10–15 m thick which
include vague parallel lamination, 0.5 m thick beds of chert-
pebble conglomerate, pelecypods, and belemnites. Sandstone
is interbedded on a scale of 0.5–1 m with a finer grained litho-
facies composed of siltstone and laminated sandstone with
trace fossils. Conglomerate accounts for less than 5% of
strata. The succession described above overlies Todagin
assemblage on the north side of an anticlinorium (Fig. 62). On
the south side of the anticlinorium, laminated, black siltstone
and fine-grained sandstone with rusty-weathering claystone
beds typical of the Todagin assemblage includes an increas-
ing proportion of thin-bedded sandstone in the top 30–50 m.

The base of the Muskaboo Creek assemblage is at the base of
resistant cliffs of grey, green, and rusty, fine- to medium-
grained sandstone in massive beds, 0.5–1 m thick. Sandstone
occurs in intervals up to 20 m thick which are 95% medium-
grained sandstone. The sandstone is commonly burrowed,
and locally hosts ammonites, pelecypods, and wood frag-
ments (Fig. 63). Platy, medium-grained sandstone in units
2–3 m thick, with rare conglomerate to 0.5 m thick, is inter-
bedded with black and orange siltstone and fine-grained
sandstone in units up to 1 m thick (Fig. 64). Near the top of the
assemblage sheets of clast-supported conglomerate up to 5 m
thick are transitional into the overlying Skelhorne lithofacies
assemblage which has abundant conglomerate sheets more
than 15 m thick.

Muskaboo Creek assemblage was not mapped in
Eaglenest area and south of the Joan Lake area. At a few loca-
lities in each of these regions it may be expressed as 10–30 m
of interbedded sandstone and fine-grained lithofacies, locally
with clean, planar bedded, medium-grained sandstone (e.g.
Fig. 65), which occurs between the Todagin assemblage and
the overlying conglomeratic (Skelhorne or Eaglenest) assem-
blage. In those places Muskaboo Creek strata represent a tran-
sition between the Todagin and conglomeratic assemblages
that is too thin to map separately. It is important to recognize
that mapped contacts between Todagin and conglomeratic
assemblages, without intervening Muskaboo Creek assem-
blage, which exist for considerable strike-length, may lack
the sandstone-rich assemblage because either it is too thin to
map as a separate unit, or large areas were not examined in
enough detail to recognize the transitional unit.

Age and correlation of the Muskaboo Creek assemblage.
Strata of the Muskaboo Creek assemblage in Spatsizi River
map area range from late Bathonian to Oxfordian (Fig. 52, 66;
Appendix 1). Regionally they are correlated with a unit of the
same name in Bowser Lake map area (to the south; Fig. 7),
where they form a wide belt of mainly late Oxfordian to early
Kimmeridgian age (Evenchick et al., 2000, 2001b). Locally,

85

Figure 62. Muskaboo Creek (shelf) lithofacies assemblage
southeast of Klahowya Lake. Sheets of medium-grained
sandstone form ribs resistant to weathering on the rugged
part of the mid-ground skyline ridge. The assemblage over-
lies Todagin assemblage in the core of an anticline at right, so
that recessive siltstone of the Todagin assemblage forms the
gentle slopes at right. Width of view at mid-distance ridge is
2.8 km. Photograph by C.A. Evenchick. GSC 2003-336

Figure 63. Example of burrowed, rusty-brown-weathering,
medium-grained sandstone in the Muskaboo Creek litho-
facies assemblage, from section illustrated in Figure 64.
Photograph by C.A. Evenchick. GSC 2003-337



the unit there is as young as earliest Cretaceous. The assem-
blage in Spatsizi River area is thinner than that farther south.
As shown in Figure 66 (and cross-sections), the assemblage
varies in age within and among the regions, and no single sec-
tion spans the age range of the unit as a whole. On Tsatia
Mountain the assemblage contains early and late Callovian
fossils at the base and middle and late Callovian fossils near
the top, but 8 km farther southeast, strata contain fossils as
young as early Oxfordian and Oxfordian (cross-section KKKK-
MMMM, see Fig. 173), illustrating southward progradation
of the unit. Sparse collections east of Todagin Creek show the
same distribution of ages. In the easternmost Joan Lake
region, the assemblage contains fossils of late Bathonian to
middle Callovian age, Callovian or early Oxfordian age, and
probable early to middle Callovian age about 200–300 m
above the base (cross-section W-X, see Fig. 171; Fig. 66). Six
kilometres farther northwest, fossils about 500 m above the
base are probably Callovian, and one collection at the grada-
tional basal contact is at the Bathonian–Callovian boundary

(cross-section O-Q, see Fig. 171). South of Mount Skady,
fossils about 150 m above the base are late Bathonian, late
Bathonian or early Callovian, probably early Callovian and
probably early or middle Callovian (cross-section Y-BB, see
Fig. 171; Fig. 66). A fault-bounded succession 2 km farther
south has late Bathonian or early Callovian, and Callovian
fossils. Southeast of Happy Lake, strata about 1500 m above
the base of the assemblage have middle Toarcian to early
Oxfordian, early Oxfordian, and late-early Oxfordian fossils.
The age of the unit west of Happy Lake is not well known; one
fossil collection relatively high in the unit on the north side of
the anticlinorium is probably early Oxfordian, and one near
the  top  of  the  underlying  unit  on  the  south  side  of  the
anticlinorium is Oxfordian, requiring that the Muskaboo
Creek assemblage is Oxfordian or younger. Strata farther
northwest yielded one collection of probably Middle Jurassic
fossils (cross-section QQ-SS, see Fig. 172). Muskaboo Creek
assemblage in the Griffith Creek region has early Oxfordian
fossils near the base, and late Oxfordian fossils in the transi-
tion into overlying conglomeratic strata (Fig. 66; see also
section JJ-KK, LL-MM, Fig. 172).

Interpretations of depositional environment and regional
relationships of the Muskaboo Creek assemblage. The abun-
dance of marine fossils, sheets of thin- to thick-bedded,
medium-grained sandstone, intensely burrowed sandstone
which includes trace fossils characteristic of a tidal-zone
environment, local hummocky cross-stratification, and sand-
stone which locally coarsens upward into conglomerate, as
well as the stratigraphic position between slope (Todagin
assemblage) and deltaic facies are the basis for interpretation
of these strata as deposits of shallow-marine environments.
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Siltstone thinly interbedded to
laminated with fine-grained
sandstone.

Rusty-weathering, chert-
pebble conglomerate.

Clast-supported, chert-
pebble conglomerate.

Black, massive siltstone.

Dark-weathering siltstone
and fine-grained sandstone
alternating with platy,
medium-grained sandstone.

2 m

Sandstone with minor, thin
siltstone beds.

Green-grey medium-grained
sandstone.

Black, massive siltstone.

Black siltstone.

Figure 64. Part of the Muskaboo Creek (shelf) lithofacies
assemblage, showing typical succession north of Thule
Mountain; section shown is 33 m thick.

Figure 65. Grey- and brown-weathering, planar bedded,
medium-grained sandstone east of Butler Creek. These strata
have the characteristics of Muskaboo Creek assemblage;
they overlie Todagin slope assemblage and underlie
Skelhorne deltaic assemblage. This is one of several exam-
ples of thin successions of similar lithology and stratigraphic
position as Muskaboo Creek assemblage that are too thin to
map, and are included in either Skelhorne, Eaglenest, or
Todagin assemblages. Hammer is 33.3 cm long. Photograph
by C.A. Evenchick. GSC 2003-338



87

F
o

ss
il

co
lle

ct
io

n
;a

g
e

d
e

te
rm

in
e

d
w

ith
a

h
ig

h
d

e
gr

e
e

o
f c

o
nf

id
e

n
ce

(c
lo

se
d

ci
rc

le
),

a
n

d
le

ss
co

n
fid

e
n

ce
(b

u
t

pr
o

b
a

bl
e

a
g

e,
o

p
en

ci
rc

le
)

B
at

.
(B

at
.)

T
sa

tia
M

tn
.

T
sa

ti
a/

To
d

ag
in

re
g

io
n

E
as

t o
f

To
da

gi
n

C
re

ek
(n

or
th

)

E
as

t o
f

To
da

gi
n

C
re

ek
(s

ou
th

)

S
ou

th
of

T
sa

tia
M

tn
.

S
ou

th
of

M
ou

nt
S

ka
dy

W
es

t o
f M

ou
nt

S
ka

dy

E
as

t o
f

C
ol

d
F

is
h

La
ke

N
or

th
of

E
ag

le
ne

st
C

re
ek

Jo
an

L
ak

e
re

g
io

n
(c

en
tr

al
an

d
ea

st
)

S
o

u
th

ea
st

o
f

H
ap

p
y

L
ak

e L
at

e
E

O
xf

.
E

O
xf

.
M

To
ar

.t
o

E
O

xf
.

(M
Ju

r.
)

M
Ju

r.

L
B

at
. L

B
at

. o
r

E
C

al
.

L
B

at
. t

o
M

C
al

.

(E
C

al
.)

(M
C

al
.)

; p
re

ci
se

p
o

si
ti

o
n

u
n

kn
o

w
n

(E
o

r
M

C
al

.)

(E
O

xf
.)

O
xf

.

(E
o

r
M

O
xf

.)
p

o
si

ti
o

n
u

n
ce

rt
ai

n

C
al

.o
r

E
O

xf
.

(E
to

M
C

al
.)

E
o

r
M

C
al

.
M

C
al

.

(C
al

.)

C
al

.,
L

B
at

. o
r

E
C

al
.;

p
o

si
ti

o
n

u
n

kn
ow

n

N
or

th
lim

b
so

ut
h

lim
b

A
n

ti
cl

in
o

ri
u

m
w

es
t

o
f

H
ap

p
y

L
ak

e

G
ri

ff
it

h
re

g
io

n

E
O

xf
o

rd
ia

n

L
O

xf
o

rd
ia

n

M
id

dl
e

Ju
ra

ss
ic

L
at

e
Ju

ra
ss

ic

C
al

.

L
C

al
.

P
lie

. t
o

B
at

.

E
ag

le
n

es
t

re
g

io
n

(E
o

r
M

C
al

.)

B
at

.

(L
B

at
.)

(T
o

ar
. t

o
M

Ju
r.)

L
O

xf
. t

o
K

im
.

M
in

k
C

re
ek

th
ru

st
sh

ee
t

K
T

C

K
T

C

K
T

C

K
T

C

K
T

C

K
T

C

M
C

al
.

2
x

L
C

al
.

2
x

E
C

al
.

E
C

al
. a

t
b

as
e,

M
C

al
. a

t
to

p C
al

. o
r

E
O

xf
. a

t
ba

se
,

O
xf

. i
n

m
id

d
le

, a
n

d
C

al
. t

o
E

. O
xf

. a
t t

op

E
C

al
.

L
Ju

r.

lE
o

r
eM

O
xf

.
E

O
xf

.

M
C

al
. t

o
E

O
xf

.

C
al

. o
r

E
O

xf
.

C
al

. t
o

M
O

xf
.

C
al

.

(E
C

al
.)

C
al

. o
r

O
xf

.

C
al

. o
r

E
O

xf
.

(C
al

. t
o

M
O

xf
.)

(E
or

M
O

xf
.)O

xf
.

lE
C

al
. t

o
M

O
xf

.

E
O

xf
.

E
O

xf
.

M
o

re
th

an
14

E
O

xf
o

rd
ia

n
co

lle
ct

io
n

s
fr

om
to

p
of

To
d

ag
in

to
bo

tt
om

of
d

el
ta

ic
as

se
m

b
la

g
e

E
O

xf
.

JH
S

u

D
ep

ic
ts

st
ra

tig
ra

ph
ic

ra
ng

e
of

nu
m

er
ou

s
co

lle
ct

io
ns

of
on

e
ag

e

50
0

m

sc
al

e

N
O

R
T

H

S
O

U
T

H

E
A

S
T

W
E

S
T

B
at

.-
C

al
.b

o
u

n
d

ar
y

E
ag

le
ne

st
or

S
ke

lh
or

ne
as

se
m

bl
ag

e

M
u

s
k
a

b
o

o
C

re
e

k
a

s
s
e

m
b

la
g

e

T
o

d
a

g
in

a
s
s
e

m
b

la
g

e

S
tr

at
ig

ra
ph

ic
co

nt
ac

t
A

ng
ul

ar
un

co
nf

or
m

ity
E

ro
si

on
al

up
pe

r
su

rf
ac

e
C

on
ta

ct
no

t e
xp

os
ed

T
hr

us
t f

au
lt

Ta
ng

o
C

re
ek

F
or

m
at

io
n

F
ig

ur
e

66
.S

ch
em

at
ic

se
ct

io
ns

of
M

us
ka

bo
o

C
re

ek
an

d
E

ag
le

ne
st

li
th

of
ac

ie
s

as
se

m
bl

ag
es

,i
ll

us
tr

at
in

g
th

ic
kn

es
s,

re
la

ti
ve

ge
og

ra
ph

ic
po

si
ti

on
,

st
ra

ti
gr

ap
hi

c
po

si
ti

on
of

fo
ss

il
co

ll
ec

ti
on

s
(a

nd
ag

es
),

an
d

re
la

ti
on

sh
ip

s
w

it
h

bo
un

di
ng

un
it

s.
In

cl
ud

es
ag

es
of

up
pe

r
pa

rt
of

T
od

ag
in

as
se

m
bl

ag
e

w
he

re
it

co
ns

tr
ai

ns
ag

e
of

th
e

bo
un

da
ry

(o
nl

y
th

e
up

pe
r

pa
rt

of
T

od
ag

in
as

se
m

bl
ag

e
is

sh
ow

n)
.A

ll
co

nf
id

en
tl

y
de

te
rm

in
ed

ag
es

ar
e

sh
ow

n,
bu

ts
om

e
le

ss
co

nf
id

en
t

on
es

ar
e

om
it

te
d.

O
xf

.
=

O
xf

or
di

an
,

K
im

.
=

K
im

m
er

id
gi

an
,

B
at

.
=

B
at

ho
ni

an
,

T
oa

r.
=

T
oa

rc
ia

n,
Ju

r.
=

Ju
ra

ss
ic

,
P

li
e.

=
P

li
en

sb
ac

hi
an

,C
al

.=
C

al
lo

vi
an

,E
=

ea
rl

y,
M

=
m

id
dl

e,
L

=
la

te
;

lE
=

la
te

ea
rl

y,
eM

=
ea

rl
y

m
id

dl
e.



Environments of deposition may include those from neritic
outer shelf, through shallow-marine shelf, to possibly the
range of nearshore environments (tidal flat, beach, lagoon,
barrier island). Sand and finer-grained sediment delivered to
the coast by rivers would have been distributed by wave,
storm, and tidal currents. Coarser sediments (conglomerate
and coarse- and medium-grained sand) are deposited closest
to shore, near river mouths and along the surf zone and
shoreface; fine-grained sand, very fine-grained sand, and silt
are carried to the shelf and outer shelf and progressively
sorted by wave and storm currents. The only detailed study of
the unit was conducted by Green (1991, 1992) at Tsatia
Mountain. Green divided the unit into an “Outer Shelf
Facies”, “Inner Shelf Facies”, and a “Nearshore Facies”. The
‘Outer Shelf Facies’ is represented by the lower parts of
coarsening-upward cycles where fine grain size and lack of
reworking are inferred to be an indication of deposition below
storm wave base. The presence of micritic sandstone is an
indication that the region only received sporadic influxes of
siliciclastic material. The ‘Inner Shelf Facies’ is represented
by the middle parts of coarsening-upward cycles. Deposition
above storm wave base is indicated by hummocky cross-
stratification. ‘Nearshore Facies’ is represented by the upper
parts of coarsening-upward cycles, which have massive and
low-angle, planar cross-stratification in fine- to medium-
grained sandstone. An association with moderately to well
sorted pebble conglomerate is an indication of high-energy
environments typical of nearshore to shoreface environments.

At Tsatia Mountain the base of the shelf facies prograded
southerly about 6 km between the early Callovian and early
Oxfordian, as shown by the distribution of fossil ages
(Fig. 66; cross-section KKKK-MMMM, see Fig. 173). The
transition from slope to outer shelf in the southern part (early
Oxfordian) was coeval with deltaic deposition at northern-
most exposures. Southward progradation of a similar age is
also evident in east-central Spatsizi River map area between
Mount Skady and Griffith Creek regions where the unit is
mostly late Bathonian or early Callovian in the north (Mount
Skady) and Oxfordian in the south (Griffith Creek region,
Fig. 66). The structural relationship between these two areas
is not straightforward, but palinspastic reconstruction of a
cross-section including this area (see section FG of Plate 1,
Evenchick (1991a)) indicates that folds and faults accommo-
dated a minimum of 60% horizontal shortening, and therefore
the distance separating the two regions was at least twice the
current distance prior to folding. Progradation of the shelf in
the vicinity of Happy Lake is less well defined, but extrapola-
tion of conglomerate and sandstone markers through the
structure (cross-section QQ-SS, XX-AAA, see Fig. 172) sug-
gests that at least the base of the assemblage prograded south-
ward to occupy a higher stratigraphic position.

Southward progradation, overlap of slope facies (Todagin
assemblage) by shelf strata (Muskaboo Creek assemblage),
and coarsening upward within the shelf strata, record an over-
all regressive filling of the basin. The absence of mapped
Muskaboo Creek (shelf) strata between the slope and deltaic
facies in some areas reflects rapid transition from slope to
deltaic environments. For example, in Eaglenest region the
shelf facies is not mapped, but may be represented by 30 m of

sandstone at the top of the Todagin assemblage; as discussed
below, the shelf was probably very narrow, if present, in this
region. Major factors influencing development of a signifi-
cant shelf in other regions are sediment supply, sea-level rise,
and local basin depth. Conditions were clearly favourable in
some regions for buildup of a sediment wedge to wave base
along the basin margin, but locally (possibly temporally)
these conditions did not exist.

Eaglenest (deltaic) lithofacies assemblage. Distinctively rusty-
weathering, gravelly, conglomeratic strata occur in northern-
most exposures of the Bowser Lake Group (Fig. 67). Sections
200 m to more than 1000 m thick are comprised of 30–80%
chert-pebble conglomerate and include interbedded sandstone,
siltstone, mudstone, and rare coal. Dominant features are nor-
mal grading, reverse grading within conglomerate, and coars-
ening- and fining-upward cycles of mudstone to pebble
conglomerate. Crossbedding and clast imbrication in con-
glomerate are well displayed locally. The unit locally includes
very large foresets. The thickest and most laterally continuous
exposures of the unit are in Eaglenest and Tsatia–Todagin
regions. Smaller outcrop areas are east of Cold Fish Lake, on
(and west of) Denkladia Mountain, west and south of Mount
Skady, and west of Sunday Pass (Fig. 67). The Eaglenest
assemblage overlies either the Muskaboo Creek assemblage or
Todagin assemblage. Where it is overlain by Sustut Group, the
contact is an angular unconformity. The name for the assem-
blage is from northwest Eaglenest Range, north of Eaglenest
Creek, where it is most widely exposed.

In the Tsatia–Todagin region the rusty conglomeratic unit
was studied in detail by Green (1992). The following is a
summary of his findings. Intervals 290 m, 268 m, 91 m, 6 m,
134 m, 14 m, 14 m, and 182 m thick (Fig. 48) are present in the
four measured sections on Tsatia Mountain; in three of the
sections the assemblage occurs more than once because it
interfingers with the upper “Shelf Assemblage” of Green
(1992). Conglomerate forms sheet-like bodies which are
amalgamated on the north side of Tsatia Mountain, and
diverge southward to individual sheets, some of which are
within the ‘Shelf Assemblage’ as noted above (Fig. 48, 51).
At the scale of Green’s (1992), analysis the conglomerate
sheets can be shown as a deltaic assemblage interfingering
with the ‘Shelf Assemblage’ near the upper contact of the lat-
ter, but on the scale of regional mapping this is a relatively
thin gradation zone upward into the dominantly conglomeratic
succession of the Eaglenest assemblage. Rusty-weathering,
conglomerate sheets are up to 40 m thick. They are separated
by rusty-weathering, coarsening-upward cycles of fine- to
medium-grained sandstone which exhibit hummocky cross-
stratification and low-angle, planar cross-stratification. Car-
bonaceous shale less than 1 m thick also locally separates
conglomerate units. Internally, the conglomerate bodies are
distinct from those in other units. Beds are 10–40 cm thick
and bedforms include planar beds, tabular-planar cross-strati-
fication, and trough cross-stratification (Fig. 68; see also
Green (1991), Fig. 8). Both nongraded and normally graded
conglomerate are present, and they exhibit moderate to poor
clast sorting and imbrication. Most clasts are 2–7 cm across
(e.g. Fig. 7 of Green (1992)), but outsized clasts are common,
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and range up to a rare 30 cm. Clasts are rounded to
subangular. Framework-to-matrix ratio is the same as for
channel conglomerate deposits. Carbonaceous plant frag-
ments are abundant; other fossils include tree trunks,
pelecypods, and ammonites. In thin section, conglomerate
units are tightly packed and have a high proportion of sutured
contacts. Porosity is less than 1% in most conglomerates;
open-work conglomerate has porosity of 15%. Iron staining,
which gives the unit its conspicuous rusty weathering, is com-
posed of hematite and goethite (determined by X-ray diffrac-
tion). Quartz and iron oxide comprise the primary cements.

South of Tsatia Mountain the unit is up to 500 m thick and
grades southward into the Muskaboo Creek assemblage.
Three kilometres south of Tsatia Mountain conglomerate
sheets dip 14° more southerly (basinward) than overlying
conglomerate beds (see Green (1992), plate 12b). East of
Todagin Creek the unit has the same characteristics. It over-
lies Todagin assemblage, its top is erosional, and it appears to
change southward into the Muskaboo Creek assemblage.
Immediately underlying the rusty conglomeratic section on
the slope southeast of Kluea Lake is dark-weathering and
conglomerate-rich Todagin assemblage, at least 150 m thick,
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with very large foresets similar to those south of Tsatia Mountain;
the underlying strata dips basinward relative to the contact.
The underlying strata have some features (morphology and
proportion of conglomerate) typical of the Eaglenest assem-
blage, and some features (dark weathering and association
with high proportion of siltstone) more typical of the Todagin
assemblage, and are arbitrarily mapped as Todagin assem-
blage; they represent a transition between the two units.

In the Eaglenest region at least 1000 m of rusty-weather-
ing, conglomeratic strata are exposed in the core of the Ice
Box Syncline (Fig. 67, cross-section B-C, see Fig. 171). At
the northwest end of the belt, interference of northwest- and
northeast-trending folds has resulted in widespread exposure
of the assemblage. It abruptly overlies Todagin assemblage
with several metres of intervening sand-rich strata (Muskaboo
Creek equivalent). The following descriptions of different
parts of the Eaglenest region illustrate variations and similari-
ties within the assemblage.

In eastern Eaglenest region conglomerate is dominant.
Conglomerate bodies are commonly 20–50 m thick in the
lower part of the succession and 5–15 m thick in the upper part,
separated by recessive-weathering, finer grained intervals,
3–15 m thick (Fig. 69, 70). They locally have undulating bases
and casts of logs up to 2 m long. Conglomerate is thickly bed-
ded, massive, or has indistinct normal and reverse grading and
thin lenses of pebbly sandstone. It is both matrix- and
clast-supported, with the former generally more common at the
base. Pebbles are subangular to subrounded, poorly sorted, and
locally imbricated. The matrix is medium- to coarse-grained
sandstone. Recessive units are composed of thinly interbed-
ded, black and dark to olive green, fine- to medium-grained
sandstone and carbonaceous siltstone in beds 2–20 cm thick. In
the upper part of the succession, some cycles fine upward from
conglomerate to sandstone to black-grey siltstone (Fig. 70).

South of Tsanadto Creek, in western Eaglenest region, the
rusty-weathering conglomeratic succession is more than 700 m
thick. It is composed of cycles 2–25 m thick (most less than
15 m) which coarsen upward from medium- and coarse-
grained sandstone to fine pebble conglomerate (Fig. 71, 72).
Grey- and rusty-weathering conglomerate units, 2–20 m
thick, comprise more than 60% of the succession. Conglomerate
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Figure 68. Planar and trough cross-stratification in rusty-
weathering, chert-lithic pebble conglomerate of the
Eaglenest assemblage, 2.5 km southeast of Tsatia Mountain.
View is to northwest; section is 6–7 m thick. Photograph by
G.M. Green. GSC 2003-339

Cold
Fish
Volcanics

Todagin
assemblage Eaglenest assemblage

Figure 69. View east-southeast to resistant-weathering sheets
of rusty conglomerate of Eaglenest assemblage east of Ice Box
Canyon; eastern Eaglenest region. Width of view at ridge is
1.8 km. Photograph by C.A. Evenchick. GSC 2003-340

2–15 m conglomerate.

1–2 m black siltstone.

1–2 m green, crumbly,
fine-grained sandstone.

1–3 m green, resistant, fine-
to medium-grained
sandstone.

Figure 70. Representative cycle in the upper part of the
Eaglenest assemblage west of Ice Box Canyon, in east
Eaglenest region.



is clast supported, moderate to well sorted, with well rounded
and moderately to highly spherical clasts 2–5 cm long. Beds
are indistinct and probably 25–40 cm thick; they include rare
sandstone interbeds up to 40 cm thick. Bases of conglomerate
units are eroded into underlying coarse-grained sandstone;
the units appear to be made up of overlapping, composite, lat-
erally discontinuous sheets with concave-up bases. The
10–15 m of medium- and coarse-grained sandstone below the
conglomerate locally has trough crossbeds in the upper part
underlain by coarse-grained sandstone with planar lamination.

In the lower part of the assemblage, fine-grained sandstone
and siltstone are more abundant and conglomerate occurs as
thinner units, commonly less than 10 m thick; trough
crossbeds are rare.

North and east of Tsanadto Creek, conglomerate accounts
for about 75% of the succession. Figures 73 and 74 illustrate
the nature of cycles from about the same stratigraphic level,
2 km apart on the south and north sides of an anticline,
respectively. In the southern section, conglomerate occurs as
sheets 10–15 m thick with minor medium- to coarse-grained
sandstone interbeds (Fig. 73). Conglomerate units are under-
lain, and commonly overlain, by medium-grained sandstone.
Black siltstone, thinly interbedded with medium-grained
sandstone and rare carbonaceous shale and clay occur in the
central parts of the sandstone intervals. Conglomerate units
are very rusty weathering, both clast- and matrix-supported,
and have indistinct bedding. Pebbles and cobbles in the con-
glomerate are coarsest (to 10 cm) in the top beds. The succes-
sion includes silicified logs. On the north side of the anticline,
conglomerate is thicker and more abundant (Fig. 74). These
strata are in the lower part of a succession at least 700 m thick
which is composed of more than 20 intervals of conglomerate

91

Figure 71. Coarsening-upward cycles in Eaglenest assem-
blage south of Tsanadto Creek, western Eaglenest region.
Section in foreground is 60–80 m thick. Arrow covers thick-
ness of one cycle, and points upsection. Resistant outcrop in
background is more than 80% conglomerate. Photograph by
P.S. Mustard. GSC 2003-341

15–20 m poorly bedded,
chert-pebble conglomerate.

3–5 m trough crossbedded,
medium- to very coarse-grained
sandstone.

3–5 m parallel-bedded siltstone
and medium-grained sandstone.

Conglomerate at top of
underlying cycle.

Figure 72. Coarsening-upward cycle in the Eaglenest assem-
blage south of Tsanadto Creek, in western Eaglenest region.

Rusty conglomerate: poorly bedded
and poorly sorted; clast- and matrix-
supported, and has thin to thick
interbeds of sandstone.

Very rusty weathering at base.

Interbedded black siltstone and
medium-grained, green sandstone.

Mainly black siltstone.

Green, clast-supported conglomerate
with rare interbeds of medium-grained
sandstone; overlain by 10 cm green,
medium-grained sandstone.

Sandstone interbedded with siltstone.

Green and rusty conglomerate with
platy, medium-grained sandstone.

Black siltstone and medium-grained sand-
stone; clay and carbonaceous siltstone at top.

10
m Green-weathering sandstone with

matrix-supported conglomerate at top.

Figure 73. Cycles of conglomerate, sandstone, and siltstone
in the Eaglenest assemblage; east of Tsanadto Creek, in west
Eaglenest region. The strata are south of those in Figure 74,
but from about the same stratigraphic level.



15–50 m thick (Fig. 75). Conglomerate sheets make up about
70% of the succession and are separated by 5 m to rarely 20 m
of poorly exposed, recessive-weathering sandstone and
siltstone. Conglomerate is clast supported and massive, or
locally has bedding defined by clast size (Fig. 76, 77).

Farther southeast along the same belt, about 3 km south-
west of Mount Cartmel, coarsening-upward cycles 10 m to
more than 30 m thick occur throughout the succession
(Fig. 78). The bases are dark-brown-weathering, finely lami-
nated siltstone. Thin interbeds of medium-grained sandstone,
1–5 cm thick, increase in abundance upward, and channels of
sandstone are also present. Sandstone coarsens and thickens

upward in the cycles to 1–5 m of thin- and thick-bedded,
coarse-grained sandstone below the cap of conglomerate.
Conglomerate commonly makes up one-third of the cycle.
The laterally continuous sheets of conglomerate capping the
cycles are composed of coalesced, slightly concave lenses
about 1 m thick. They are rusty-orange-, green-, and grey-
weathering, more than 70% matrix supported, with 70–75%
pebbles; beds are 5–20 cm thick, variably indistinct to locally
well bedded, with slight normal grading most apparent at the
bases of beds. Most clasts are 1–3 cm long, subrounded to tab-
ular; the tabular clasts are subparallel to bedding or slightly
imbricated (Fig. 79). The matrix is coarse-grained sandstone;
conglomerate includes rare, coarse-grained, sandstone lenses
5–15 cm thick. Some cycles also have sandstone-rich tops,
and appear to coarsen upward, then fine upward. Conglomerate
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Rusty-weathering conglomerate.

Fine-grained, green sandstone and green
and black siltstone; olive green, fine- to
medium-grained sandstone at base.

Thickly and poorly bedded, clast-supported
conglomerate.

Top: thin-bedded, medium-grained green
sandstone and pebbly sandstone.
Below: thick and poorly bedded, clast-
supported conglomerate.

Black siltstone and carbonaceous, black,
fine-grained sandstone, green sandstone.

Rusty-weathering conglomerate overlain
by sandy beds.

Conglomerate.

Covered recessive rocks.

Very rusty-weathering congomerate
overlain by platy medium-grained, green
sandstone.

Sandstone and green conglomerate.

?

30
m

Uncertain thickness of covered section.

Covered recessive rocks.

Figure 74. About 160 m of conglomerate units interbedded
with sandstone and siltstone in the Eaglenest deltaic assem-
blage northeast of Tsanadto Creek, northwest Eaglenest
region. The section is north of the strata in Figure 73, but
from about the same stratigraphic level.

Figure 75. View northwest to about 700 m of Eaglenest
assemblage 3 km west of Cartmel Lake. Resistant-weathering
ribs are sheets of chert-pebble conglomerate 15–50 m thick.
Recessive-weathering parts are sandstone and siltstone.
Figure 74 shows cycles representative of the lower part of this
succession. Photograph by C.A. Evenchick. GSC 2003-342

Figure 76. Massive, clast-supported, chert-pebble conglom-
erate typical of Eaglenest assemblage; 3 km west of Cartmel
Lake, in northwest Eaglenest region. Hammer is 33.3 cm
long. Photograph by C.A. Evenchick. GSC 2003-343



includes megaripple surfaces and large-scale planar crossbeds
or parts of trough crossbeds near the tops of some units (Fig. 80).
Silicified logs are present locally. Pebble imbrication, ripples,
and log trends are consistent with southerly paleoflow.

A laterally continuous, large-scale angular discordance
within the Eaglenest assemblage in west Eaglenest region is
well exposed south of Cartmel Lake (Fig. 81). Cycles of con-
glomerate cut out underlying conglomerate and sandstone,
that dip about 10–15° basinward relative to the upper beds.
These huge foresets can be traced for at least 8 km along
strike; they are described in more detail by Ricketts and
Evenchick (1991). Another large-scale feature of the
Eaglenest assemblage in this region is south of Mount
Cartmel, where it grades rapidly southward across the hinge
of the Connors Anticline, to Todagin assemblage over a dis-
tance of less than 1 km (Fig. 82).
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Figure 77. View southeast of about 20 m of clast-supported,
chert-pebble conglomerate with medium to thick planar bed-
ding; Eaglenest assemblage 5 km west of Cartmel Lake, in
northwest Eaglenest region. Person (circled) for scale.
Photograph by C.A. Evenchick. GSC 2003-344

30 m

Conglomerate with
scoured bases and
normal grading,
pebble imbrication;
tops of some
conglomerate ribs
are sandstone-rich.

1–5 m below conglomerate is
100% coarse-grained, thin- to
thick-bedded sandstone.

Siltstone with thin sandstone
interbeds 1–5 cm thick
increasing upsection.

Dark brown siltstone, finely
laminated.

Relative clast size.

Figure 78. Coarsening-upward cycle in Eaglenest assem-
blage 3 km southwest of Mount Cartmel (Eaglenest region),
showing normal grading and scoured bases of conglomerate.
Sawtooth pattern on the upper right of the section indicates
thickness of fining-upward units, with relative clast size
increasing from left to right.

Figure 79. Detail of stratified conglomerate and sandstone in
Eaglenest assemblage with poor normal grading and poor
pebble imbrication; 3 km southwest of Mount Cartmel, north-
west Eaglenest region. Photograph by P.S. Mustard.
GSC 2003-345

Figure 80. Large-scale, planar crossbeds or parts of trough
crossbeds in Eaglenest assemblage, 3 km southwest of Mount
Cartmel, northwest Eaglenest region. Person for scale.
Photograph by P.S. Mustard. GSC 2003-346



Scattered occurrences of the Eaglenest assemblage 5 km
east of Cold Fish Lake, 12 km south of Mount Skady, and
5 km west of Mount Skady occur in the hanging wall of the
Mink Creek thrust fault and were probably once a contiguous
belt (Fig. 67). West of Mount Skady the assemblage is at least
200 m thick and represents a klippe of the Mink Creek thrust
sheet. Strata there are extremely rusty weathering and include
sheets of conglomerate to 10 m thick, as well as rusty-
weathering, white, coarse- and medium-grained sandstone,
and calcareous sandstone with pelecypods and belemnites.
Finer grained rocks are poorly exposed. Twelve kilometres
south of Mount Skady, about 400 m of the assemblage
overlies sandstone of the Muskaboo Creek assemblage

(cross-section Y-BB). It is extremely rusty weathering and
40–50% of it is conglomerate. Conglomerate occurs as
thick-bedded sheets, 3–10 m thick, which include thin beds of
medium-grained sandstone and which locally fine upward
into medium-grained sandstone (Fig. 83). The sheets are sep-
arated by 3–15 m of recessively weathering, immature, green,
coarse- and medium-grained sandstone, dark grey-brown
sandstone, and lesser black siltstone and carbonaceous shale;
all with abundant plant fragments. Marine fossils (bivalves
and belemnites) are rare. Folded conglomerate is unconform-
ably overlain by basal Sustut Group on the ridge 12 km
south-southwest of Mount Skady. East of Cold Fish Lake
about 300 m of rusty-weathering strata includes continuous
sheets of chert-pebble conglomerate up to 10 m thick. Also
present are moderately recessive, well bedded, green, medium-
grained sandstone with local 3 cm thick lenses of conglomer-
ate, pebbly sandstone, and green and brown mudstone. Brown-
weathering, medium-grained sandstone with calcareous
matrix hosts rare bivalves and ammonites. As at Mount
Skady, these strata are in angular unconformity with the over-
lying Sustut Group.

In east Joan Lake region, four small outliers of the
Eaglenest assemblage which were once continuous occur in
the dissected core of the Eaglenest Syncline and south limb of
the Joan Lake Anticline (Fig. 67, cross-sections T-U, W-X).
In this region the assemblage abruptly overlies the Muskaboo
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Figure 81. View east to intraformational unconformity, indi-
cated by dashed line, in Eaglenest assemblage, 3 km south-
west of Cartmel Lake. Relief at right side of photograph is
about 130 m. Photograph by C.A. Evenchick. GSC 2003-347

Todagin
assemblage

Eaglenest
assemblage

Eaglenest
assemblage

Figure 82. View west-northwest of Eaglenest assemblage (on
right) grading southward into Todagin assemblage (on left)
over the Connors Anticline. Strata on right are rusty weather-
ing and dominated by cycles of conglomerate whereas those
on left are grey weathering and made of siltstone with thick
channel units of conglomerate (cliff-forming units on left).
Eaglenest region, south of Mount Cartmel. Width of view in
foreground is about 1.5 km. Photograph by C.A. Evenchick.
GSC 2003-348

Grey-green, laminated, fine-grained
sandstone.

2 cycles of pebble conglomerate
fining upward to sandstone.

Normally graded conglomerate.

Very rusty-weathering, chert-pebble
conglomerate.

Rusty-weathering conglomerate
fining upward to sandstone.

Fine- and medium-grained sandstone.

Green, immature, medium-grained
sandstone and pebbly sandstone.

Brown and grey, highly
carbonaceous shale; black, fine-
grained sandstone and siltstone
with plants.

5 m

Figure 83. Fifty metres of Eaglenest assemblage, illustrating
the nature of fining-upward cycles. Located 12 km south
southwest of Mount Skady.



Creek assemblage (Fig. 44). It reaches a maximum thickness
of 300 m on Denkladia Mountain; the top is erosional. The
assemblage is characterized by very rusty-weathering,
cliff-forming conglomerate sheets, 3–30 m thick, which
occupy about 60% of the unit. The conglomerate is white
weathering locally, thick bedded, massive, clast supported,
with a sandy matrix, and has thin beds of medium-grained
sandstone with abundant carbonaceous plant fragments. In the
lower part of the succession, conglomerate intervals are sepa-
rated by 0.5–3 m thick recessive intervals. These are com-
monly composed of medium-grained, green sandstone at the
base, which is overlain by dark, poorly bedded, fine-grained
sandstone and medium-grained sandstone, and lesser siltstone,
overlain by green, medium-grained sandstone. They may
include rusty-weathering, medium-grained sandstone and con-
glomerate beds up to 1 m thick. Conglomerate is thickest (to
30 m) and most abundant in the lower half of the succession on
Denkladia Mountain. In the upper 100 m, conglomerate sheets
up to 5 m thick account for only 30% of the unit. They are sepa-
rated by up to 20 m of poorly bedded, dark green, fine- and
medium-grained sandstone; well bedded and thin-bedded,
medium-grained green sandstone with abundant plants; and
black siltstone. Ammonites, bivalves, and belemnites occur in
this upper recessive part of the assemblage.

West of Sunday Pass are relatively small exposures of
rusty-weathering, conglomeratic strata which were not exam-
ined closely. They are east of the Griffith Fault, which has
southeast-side-down displacement, and east of the
Buckinghorse Fault, which has southwest-side-down dis-
placement (Fig. 67). The net effect of these faults is that areas
west and east of their intersection have remained at about the
same relative structural level. In both areas Eaglenest assem-
blage strata are overlain structurally by Triassic or Jurassic
volcanic rocks. For these reasons we infer that strata west of
Sunday Pass were once part of the same belt as those on
Denkladia Mountain. West of Sunday Pass the Eaglenest
assemblage and Triassic or Jurassic volcanic rocks (and
thrust fault) are unconformably overlain by Sustut Group.

Age of the Eaglenest deltaic assemblage. Ages of fossils
in the assemblage range from Pliensbachian to Bathonian for
the oldest, to late Oxfordian to Kimmeridgian (Fig. 52) for the
youngest spatial relationships are summarized in Figure 66.
Most collections are from the Tsatia region. One collection at
the base of the unit on the northwest ridge of Tsatia Mountain
is probably early or middle Oxfordian (cross-section
KKKK-MMMM, see Fig. 173). Higher in the succession, and
south of the summit, collections are of Oxfordian, Callovian
to early Oxfordian, Callovian or early Oxfordian, and
late-early Callovian to middle Oxfordian ages, collectively
indicating an early and/or middle Oxfordian age there. East of
Todagin Creek the assemblage occurs in two belts separated
by open folds. In the north, collections near the base are
Callovian to middle Oxfordian, Callovian or early Oxfordian,
and middle Callovian to early Oxfordian, collectively sug-
gesting a middle Callovian to early Oxfordian age for the base
(Fig. 66), and similar or slightly older than the base at Tsatia
Mountain. Strata to the south, about 300–400 m above the
base, are Late Jurassic. In the south belt, an early Oxfordian

collection is at the top of the underlying Muskaboo Creek
assemblage, and collections less than 150 m above the contact
are late-early or early-middle Oxfordian. These ages indicate
that the base of the assemblage is early or early-middle
Oxfordian, and is probably younger than the base farther
north. In summary, the Eaglenest assemblage across the
Tsatia region is probably early Oxfordian and younger.

Few fossils were found outside the Tsatia region. A collec-
tion from northwest Eaglenest region is late Oxfordian to
Kimmeridgian, whereas farther east and stratigraphically
lower, a collection is probably early or middle Callovian. Ages
fromtheMinkCreek thrust sheet includeprobablyMiddle Jurassic
east of Cold Fish Lake, Pliensbachian to Bathonian in the
klippe southwest of Mount Skady, and probably Middle
Callovian 12 km south of Mount Skady (Fig. 52, 66). Farther
south, in the Griffith region late Oxfordian fossils occur in the
transition zone at the base of the unit. In the Joan Lake region,
one collection from about 300 m above the base of the unit is
Late Jurassic (Fig. 66). The presence of Late Jurassic fossils in
both Sunday Pass and Joan Lake regions is consistent with the
interpretation, described earlier, that strata in these two regions
were once continuous. On a broader scale, the distribution and
ages of fossils in the Eaglenest assemblage in east Spatsizi
River map area indicates southwestward younging of the unit
from probably Bathonian and Callovian in the northeast Mink
Creek thrust sheet, to Callovian in the southern part of the
thrust sheet, and Late Jurassic in the southernmost, Sunday
Pass–Joan Lake belt and in the Tsatia–Todagin region.

Correlation of the Eaglenest deltaic assemblage. Strata are
correlated with the belt of rusty-weathering, conglomeratic
strata at the eastern side of the Bowser Basin in Toodoggone
River map area (Fig. 7) to the east (the “conglomeratic facies” of
Evenchick (1992)), and northern McConnell Creek map area to
the southeast (the “conglomerate, sandstone, siltstone facies” of
Evenchick and Porter (1993)). The unit corresponds in space to
the Duti River-Slamgeesh facies of Eisbacher (1974a), recog-
nized in east Spatsizi River area and farther southeast, although
in detail the facies as mapped by Eisbacher includes other facies
described in this report. Eisbacher (1974a) noted that
intraformational unconformities are common in the unit; these
are probably similar to the huge foresets in the Eaglenest, Tsatia,
and Todagin areas. Parts of this unit were previously mapped as
Ashman Formation by Gabrielse and Tipper (1984).

Interpretation of depositional environment and regional
relationships of the Eaglenest deltaic assemblage. The high
proportion of pebble conglomerate, its occurrence as sheets
and lenses locally organized in coarsening-upward cycles, as
well as the abundance of plant fragments (including trees)
and sporadic occurrence of marine fossils, are the criteria for
interpretation of these strata as deposits of a high-energy,
deltaic environment which included marine conditions. This
interpretation is consistent with Eisbacher’s (1974a) view
that the facies represents deposits of the lower delta plain.

Following the models for deltaic deposition (e.g. Miall,
1984) coarsening-upward cycles are inferred to be a result of
progradation of delta-front sand (and gravel) over prodelta,
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hemipelagic deposits; followed by progradation of distribu-
tary mouth deposits (sand and gravel) over the delta-front
deposits. Development of swamps on the delta plain led to
local occurrence of coal and carbonaceous mudstone above
the coarsest deposits. In addition, fluvial systems may have
locally resulted in fining-upward cycles. When the delta lobe
was abandoned, subsidence of the thickening clastic wedge
resulted in overlap of the swamp, fluvial, or distributary
mouth deposits by a renewed cycle of marine deposition. The
high proportion of conglomerate in the Eaglenest assemblage
attests to the relatively high energy of the system as a whole,
necessary to deliver large volumes of gravel. The common
occurrence of conglomerate as sheets suggests that braided
rivers dominated the delta plain. Pervasive rusty weathering
occurs as a coating of clasts and in the matrix; Fe oxidation in
the unit was perhaps a result of subaerial exposure during
early diagenesis, but it could also have been during deposition
on the delta plain (Green, 1992).

In detail, the Eaglenest assemblage is probably made up of
a number of assemblages representing combinations of the
factors controlling delta morphology and growth, in time and
space, throughout the northern basin. Recognition of these in
most places is beyond the scope of this study, but more spe-
cific interpretations from detailed studies and regional map-
ping can be made locally. The most obvious is the succession,
near the base of the unit in several areas, which includes giant
foresets. In the Eaglenest region, these were interpreted by
Ricketts and Evenchick (1991) as deposits of Gilbert-type
deltas, with the classic three-fold structure of bottomset,
foreset, and topset beds, and characterized by steeply inclined
foresets (Nemec, 1990). They form the Gilbert delta facies of
Ricketts and Evenchick (1991). They commonly form in
regions where the delta front and/or slope is moderately steep
(e.g. more than a few degrees), where there is enough basin
depth for the foresets to fill, and where sediment supply is rel-
atively high. For most of the Eaglenest assemblage in the
Eaglenest region, Ricketts (1990) used the term “fan delta”; a
term used where the alluvial part of the delta is an alluvial fan.
As pointed out by Nemec (1990), one problem with this ter-
minology is the need to recognize the alluvial part of the sys-
tem. Because of this, Green (1992) referred to two facies in
the rusty deltaic assemblage in the Tsatia region as
“Fan/Braid-Delta”, allowing that the feeder could have been
either an alluvial fan or braided alluvial plain. The “Fan/Braid-
Delta Front Facies” (of Green (1992)) has features typical of
channel-mouth bars, which indicate fluvial channel-mouth
deposition that occurred at the delta front, above wave base.
The “Fan/Braid-Delta Slope Facies” has large-scale foresets
composed of massive conglomerate which are interpreted as
deposits of sediment-gravity flows on the delta slope. The
“Braid-Delta Facies” of Green (1992) is the part of the
Eaglenest assemblage which forms laterally continuous
sheets of conglomerate. Green (1992) suggested that these are
not typical of fan deltas, and the occurrence of cross-stratifi-
cation, representing vertical and lateral migration of chan-
nels, indicates that some of the rusty conglomerate unit was
deposited in a braid delta environment. Green (1992) recog-
nized a “Coastal Assemblage” made of “Gravel Barrier-
Lagoon Facies”, by the association of conglomerate with

low-angle, cross-stratified beds overlain by carbonaceous,
black shale. These are interpreted as lagoon deposits formed
on the landward side of a marine, gravel bar (Green, 1992).

In eastern Spatsizi River map area and Tsatia region the
assemblage has younger fossils progressively southward
(Fig. 66), reflecting south or southwestward progradation of
deltaic systems in the Middle Jurassic to Late Jurassic. A delta
existed in east Eaglenest region and in the Mink Creek thrust
sheet in east Spatsizi River map area in the Middle Jurassic; in
the Eaglenest region it had at least a moderate slope, and was
possibly fed by alluvial fans. The Eaglenest assemblage in
Tsatia–Todagin region, Joan Lake, and Sunday Pass regions
was primarily Late Jurassic (Oxfordian); it succeeded (and
was laterally continuous with) a sandy shelf of significant
size; it likely included a braided delta plain, and possibly an
alluvial fan as the feeder system. The interpretation of south-
erly progradation in these areas is consistent with the position
of the Eaglenest deltaic assemblage stratigraphically above,
and grading laterally southward into, shelf (Muskaboo
Creek) and slope (Todagin) facies of the same age, and with
southward progradation of these facies in the Middle and Late
Jurassic as described in earlier sections. The age of strata in
the Eaglenest region is poorly constrained, but may span the
Callovian to Oxfordian or Kimmeridgian. The most signifi-
cant relationship there is the change from Todagin assem-
blage to Eaglenest assemblage across about 30 m of section,
and 1 km or less laterally (cross-section A-C, see Fig. 171).
The limited extent of shelf (Muskaboo Creek) strata suggests
that the shelf in this area was narrow (or nonexistent), and the
Eaglenest assemblage conglomerate units appear to have fed
directly into the Todagin assemblage submarine canyons,
now represented by thick lenses of conglomerate within a
siltstone and fine-grained sandstone succession. Steep deltas
with a rapid transition to slope could have either been repre-
sentative of Middle Jurassic deltaic systems across the north-
ern basin margin or restricted to the Eaglenest region.
Evidence for the latter is that the only other area with Middle
Jurassic deltaic strata, the Mink Creek thrust sheet, appears to
be separated from the Todagin assemblage by shelf deposits.

Skelhorne deltaic assemblage. A large part of the southern
half of Spatsizi River map area (Fig. 84) is underlain by a
thinly intermixed assemblage of siltstone and sandstone with
varied amounts of coal (up to 5%) and/or conglomerate
(5–40%). Plant fossils and marine fossils are ubiquitous with
minor exceptions. Crossbedding, coarsening- and thickening-
upward cycles, and the trace fossils Skolithus and
Diplocraterion are common features. In detail the differences
within and between different regions vary from minor to
strongly contrasting. Each region examined is described
briefly below, starting with those in the southeast. Strata on
the ridges northwest and southeast of Skelhorne Creek, in
southeast Spatsizi River area, are typical of the assemblage.

The belt of rock between Prudential Mountain and Little
Klappan River east of Tacostadia Mountain is continuously
underlain by thinly interlayered; rusty-, grey-, and
black-weathering strata with strongly contrasting resistance
to weathering. Varicoloured and ribbed weathering is one of
the distinctive features of the assemblage. The most complete
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section examined in the southeast part of the region is on the
ridges south of Mount Umbach. Strata there are repeated by
folds and probably by faults; but in general, younger strata
occur to the south (cross-section XX-AAA, see Fig. 172).
Based on large-scale characteristics, the succession can be
split into upper, middle, and lower parts, each about 500 m
thick. At the north, the base of the assemblage is mapped at
the base of the first 15 m thick, rusty-weathering conglomer-
ate sheet above the thick, recessive, and dark-weathering

Todagin assemblage on Mount Umbach. The basal assem-
blage is composed of four lithofacies which are poorly to well
organized into cycles that coarsen upward from carbona-
ceous, black siltstone and rare coal, to thinly interbedded
siltstone and fine- or medium-grained sandstone, to medium-
and thick-bedded, medium- and coarse-grained sandstone, to
conglomerate (Fig. 85). The siltstone and carbonaceous
siltstone is black and recessive weathering, locally well
lithified, and includes fine, curvilinear trace fossils, plant
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fragments, and rare mudcracks. Siltstone also varies from
interlaminated to thinly and thickly interbedded with fine-
and medium-grained sandstone. The sandstone has normal
grading, burrows, and plant fragments. The resistant medium-
grained sandstone (lithic arenite or chert arenite) lithofacies
may be up to 15 m thick, is green- or grey-weathering, and
locally has ripple marks, bivalves, and belemnites. It is inter-
bedded with up to 10% fine-grained sandstone. Bivalve
coquina in both sandstone units are rusty-weathering beds up
to 50 cm thick and include curvilinear tubes 1–2 cm long and
1 mm in diameter, assumed to be scaphopods. Pebble con-
glomerate is 4–40 m thick, occurs as sheets that locally thin
and thicken laterally, and are probably composed of lenses.
Bedding is indistinct in weathered outcrops and appears mas-
sive, but fresh outcrops display thin to thick bedding and
crossbedding. Conglomerate is clast supported, with clasts
2–6 cm across, moderately well to poorly sorted, and may
include beds of medium-grained sandstone 0.5–3 m thick. It
also includes logs up to 3 m long. Conglomerate is commonly
overlain by less than 1 m of medium-grained sandstone which
represents fining-upward cycles at the top of the coarsen-
ing-upward cycles. The tops of some beds have megaripples
(Fig. 86). Up to 100 m of medium-grained sandstone and
sandstone interbedded with fine-grained sandstone is not well
organized into cycles.

The middle 500 m of the assemblage south of Mount
Umbach has less conglomerate than strata above or below it.
The succession is dominated by siltstone and medium- and

fine-grained sandstone with less than 10% conglomerate in
the lower part and 20–25% in the upper part. The clastic rocks
occur as coarsening-upward cycles, or as unorganized units
10–25 m thick dominated by either medium- to coarse-
grained sandstone or by black, fine-grained sandstone and
siltstone. The medium- to coarse-grained sandstone units are
commonly grey weathering and resistant, with rare, finer
grained lithofacies and rare, thin, pebbly sandstone beds.
They are either thin- to thick-bedded (Fig. 87), massive, or
locally laminated or crossbedded in sets to 75 cm thick, and
include burrows and coquina. The black, fine-grained sand-
stone and siltstone lithofacies occurs in units 2–10 m thick;
siltstone is laminated to thinly interbedded with medium-
grained sandstone with normal grading. The interlayered and
finer grained nature of the middle 500 m of the unit is illus-
trated in Figures 88 and 89.

The top 500 m of the Skelhorne assemblage south of
Mount Umbach has similar characteristics to the lower
two-thirds, except coarsening-upward cycles are more appar-
ent (Fig. 90) and conglomerate is more abundant than the cen-
tral one-third, forming sheets 2–20 m thick. An example of a
coarsening-upward cycle has 15–20 m of conglomerate of an
underlying cycle overlain abruptly by plant-rich, carbona-
ceous siltstone, followed by interbedded, fine- and medium-
grained sandstone with plants and burrows, and a cap of fine
pebble conglomerate. Poorly exposed coal, less than 1 m
thick, occurs sporadically in the lower and upper, more con-
glomeratic parts of the Mount Umbach ‘section’.
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interbedded with black, fine-grained
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90% black fine-grained sandstone;
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Figure 85. Example of coarsening-upward cycle in the
Skelhorne deltaic assemblage 750 m west southwest of Mount
Umbach, in the lowermost part of the Skelhorne deltaic
succession.

Figure 86. View north to megaripples at top of conglomerate
sheet in the Skelhorne deltaic assemblage 3.5 km south of
Mount Umbach. Ripples are 80 cm wavelength and 10 cm
amplitude. Photograph by C.A. Evenchick. GSC 2003-349



Fifteen kilometres southeast of the strata described above,
the folded section north of Kluayaz Lake is similar in all char-
acteristics, including the presence of bivalves throughout,
and the association of coal with more conglomeratic cycles.
The lower 500 m of the succession examined includes thick
intervals with a high proportion of sandstone and relatively
minor conglomerate, in coarsening-upward cycles 8–15 m
thick. The cycles are composed of black siltstone with plants,
fine-grained, black siltstone interbedded with medium-
grained sandstone, and a cap of medium-grained sandstone
or, uncommonly, thin conglomerate (Fig. 91). Trough
crossbeds are locally apparent in medium- to coarse-grained
sandstone. In the upper part of the succession, at least 500 m
thick conglomerate accounts for 30–40% of the unit (Fig. 92).
Coarsening-upward cycles are 60–70 m thick, with a cap of
conglomerate, 35–50 m thick. The cycles commonly begin
with carbonaceous siltstone and/or thin (<1 m) coal at the
base; overlain by fine- to medium-grained sandstone, 1–2 m
thick, with abundant plants; interbedded with black, carbona-
ceous, fine-grained sandstone, which is overlain by several
metres of thin- and thick-bedded, medium-grained sand-
stone. The top is 95% clast-supported, pebble conglomerate
with 1–2 m of platy, medium-grained sandstone near the
base, and a veneer of platy, medium-grained sandstone at the
top (Fig. 93).

The belt of rocks trending northwest from Buckinghorse
Lake to the Little Klappan River has a similar association of
thin intervals of coal, carbonaceous siltstone, interbedded
sandstone and siltstone, rusty-weathering bivalve coquina
with scaphopods, thin- to thick-bedded, medium- to coarse-
grained sandstone, and conglomerate. Coal, where present, is
at the base of coarsening-upward cycles, and conglomerate is
at the top. Sandstone is brown-, green-, and grey-weathering,
varying from wacke to chert arenite, locally crossbedded, and
commonly has imprints of plants, including logs up to 75 cm
across and 3 m long. Sandstone forms the tops of coarsen-
ing-upward cycles where conglomerate is absent. Conglom-
erate is 0.5–30 m thick, is massive to thick-bedded with

normal and reverse grading, and is clast supported. Primary
differences along this belt are in the proportion of conglomer-
ate and the presence or absence of coal. Conglomerate
accounts for 20–25% of the 1000 m of strata examined 4 km
west of Buckinghorse Lake. It occurs in sheets up to 20 m
thick and the tops of some sheets have megaripples. Con-
glomerate is more common in the lower part of the succession
and coal is present only in the upper half. Burrows, coquina,
carbonaceous siltstone, and plant fossils are present throughout,
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Figure 87. Thin- to thick-bedded sandstone of the Skelhorne
deltaic assemblage, 4.5 km south of Mount Umbach. Hammer is
33.3 cm long. Photograph by C.A. Evenchick. GSC 2003-350

Medium-grained sandstone.

Laminated to thinly interbedded siltstone and fine-
to medium-grained sandstone; normal grading.
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with fine and large burrows; bedding
irregular to well laminated; minor, medium-
grained sandstone.

Medium-grained sandstone.

Thin beds of pebble conglomerate.

Recessive talus of carbonaceous siltstone
with plants.

95% medium-grained sandstone.

Sandstone with pelecypods at tops of beds,
overlain by poorly bedded sandstone.
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crossbedded, thick bedded, some siltstone
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Dark, fine-grained sandstone.
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Figure 88. Part of the sandstone-rich succession in the middle
500 m of the Mount Umbach ‘section’ of Skelhorne deltaic
assemblage. Located 4.5 km south of Mount Umbach. Question
mark indicates precise thickness uncertain.



including uncommon silicified logs. East of Butler Creek,
conglomerate makes up less than 10% of the succession. In
the lower, northern part, conglomerate units are 3–5 m thick and
locally cap coarsening-upward cycles, 10–15 m thick
(Fig. 94); higher in the unit, conglomerate is up to 20 m thick.
Coal overlies sandstone in the lower to middle part of the suc-
cession and conglomerate in the upper part. Coal is locally
underlain by 30 cm of underclay. Farther northwest, west of
Conglomerate Creek, conglomerate is more common, mak-
ing up 15–25% of the assemblage in sheets 0.5–15 m thick
(Fig. 95), whereas coal is absent. South of Tsetia Creek,
conglomerate comprises about 15–20% of the unit. Coal is

present in the northern part of this area, but only carbona-
ceous shale and siltstone were found in the south. Bivalve
coquina, burrowed sandstone (including Diplocraterion),
and plant fossils are common.
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Figure 89. View southeast to several hundred metres of
siltstone and medium-grained sandstone, some organized
into coarsening-upward cycles. Representative of the middle
500 m of the Mount Umbach succession of Skelhorne assem-
blage, 4.5 km south of Mount Umbach. Section of foreground
ridge about 7 m thick. Photograph by C.A. Evenchick.
GSC 2003-351

Figure 90. View west along coarsening-upward cycles in the
upper third of the Skelhorne assemblage 6 km south-
southwest of Mount Umbach. The foreground is thin- to
thick-bedded sandstone in the upper part of a cycle. Three
coarsening-upward cycles are indicated by dashed white
lines. Vertical scale on mid-distance ridge is about 200 m.
Photograph by C.A. Evenchick. GSC 2003-352

Platy, medium-grained sandstone,
with logs.
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Medium-grained sandstone.
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Coarsening-upward cycle.
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sandstone.

Medium-grained sandstone.

Conglomerate.

Medium-grained sandstone.

Black and green, burrowed,
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Figure 91. Example of the lower part of the succession of
Skelhorne assemblage north of Kluayaz Lake with coarsen-
ing-upward cycles. Located 7.5 km north-northeast of the
north end of Kluayaz Lake.

Figure 92. View southeast to the upper part of the Skelhorne
assemblage north of Kluayaz Lake. At least 500 m of strata
are folded. The most resistant, cliff-forming, ribs are sheets of
pebble conglomerate commonly at the tops of coarsening-
upward cycles. About 6 km north-northeast of the north end of
Kluayaz Lake. Width of view about 800 m. Photograph by
C.A. Evenchick. GSC 2003-353



North of Maitland Creek, 600–1000 m of strata are
repeated by northwest- and northeast-trending folds. They
have similar characteristics to the belt between Little Klappan
River and Prudential Mountain, including coarsening- and
thickening-upward cycles. The cycles are 6–20 m thick, have
a lower recessive part with coal or carbonaceous siltstone at
the base overlain by interbedded siltstone and fine- to
medium-grained sandstone. The upper, more resistant parts
of the cycles consist mainly of thin- to thick-bedded, clean,
medium-grained sandstone and, locally, a cap of chert-pebble
conglomerate, 3–15 m thick (Fig. 96, 97). Parts of the succes-
sion have no clear organization; fining-upward beds and thin
cycles are locally present within the coarsening-upward
cycles. Crossbedding; burrows; rusty-weathering, bivalve
coquina with scaphopods; and plant fragments are common
throughout the succession. Ammonites and silicified logs are
less common. Medium-grained sandstone is crossbedded,

massive, or planar laminated; and grey-, green-, or white-
weathering. Pebble conglomerate occurs as rusty-weathering
sheets with poorly displayed bedding and crossbedding. It is
commonly clast supported with well rounded clasts in a
medium- to coarse-grained sandstone matrix. Conglomerate
accounts for about 20% of the succession, but varies consid-
erably in proportion throughout the succession.

South of Maitland Creek is a similar succession with nota-
bly less conglomerate. In the southern part the structure is not
understood well enough to determine stratigraphic relation-
ships. In the north, 500 m of strata are repeated by folds. The
succession there is characterized by poorly to well organized,
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Figure 93. Clast-supported pebble conglomerate (cliffs)
overlain by 2 m of platy, medium-grained sandstone (outlined
by dashed line) in the Skelhorne assemblage. Sandstone is
overlain by carbonaceous siltstone at the base of the overly-
ing cycle. View west, 6 km north-northeast of the north end of
Kluayaz Lake; this conglomerate forms the high point at right
in Figure 92. Photograph by C.A. Evenchick. GSC 2003-354

Conglomerate

Figure 94. View northwest of folded coarsening-upward
cycles of the Skelhorne assemblage. Several are indicated by
white bars; some are capped by sandstone, and some by thin
conglomerate. About 6 km northeast of the confluence of Butler
Creek and Little Klappan River. Width of view is about 500 m.
Photograph by C.A. Evenchick. GSC 2003-355
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Figure 95. View northwest to folded conglomerate, sandstone,
and siltstone of the Skelhorne assemblage 6.0 km northwest of
Conglomerate Creek. Several conglomerate sheets are out-
lined by dashed lines and labelled with the letter ‘c’. Width of
view is about 1 km. Photograph by C.A. Evenchick.
GSC 2003-356



coarsening- and thickening-upward cycles, 15–20 m thick.
The base is coal and/or carbonaceous siltstone, and is overlain
by siltstone and fine-grained sandstone interbedded with
medium-grained sandstone. The upper parts are commonly
grey- to white-weathering, thin- to thick-bedded chert arenite
or lithic arenite. The middle interbedded sandstone and
upper, thicker bedded sandstone commonly contain burrows,
crossbedding, ripple marks, parallel lamination, as well as
bivalve coquina containing rare belemnites and ammonites.
Rare silicified logs are in talus. Conglomerate comprises less
than 5% of the succession. It occurs as rusty- or white-weath-
ering, discontinuous sheets about 0.5 m and rarely up to 12 m
thick. Variations from the cycles described above include
some thin, fining-upward cycles of sandstone within or
between more complete coarsening-upward cycles, and
cycles to 50 m thick, with at least 30 m composed of grey-
green, massive, thick-bedded, medium- to coarse-grained
sandstone. The poorly understood succession in the southern
part of the region south of Maitland Creek is probably about
the same stratigraphic level as the succession in the north. It is
dominated by siltstone and fine- and medium-grained sand-
stone; conglomerate is rare and coal is absent. In several
areas, 30–200 m of the succession is dominated by either
dark-weathering siltstone and fine-grained sandstone, or
interbedded siltstone and sandstone, or thin- to thick-bedded,
medium-grained sandstone, but with no clear organization.
Common features are crossbedding, parallel lamination,
burrows, and bivalves. Conglomerate is rare and occurs as
0.5–3 m thick beds except at the southernmost area examined,
where several sheets of conglomerate about 10 m thick over-
lie at least 50 m of interbedded siltstone and fine- and medium-
grained sandstone, capped by 5 m of massive, white-weather-
ing chert arenite. Stratigraphic relationships between strata
south of Maitland Creek and those north of the creek are
unknown, but based on the structural geometry, may be at
roughly equivalent stratigraphic level.

South of the head of Tsatia Creek is an openly folded, deltaic
assemblage, at least 1500 m thick. The upper 600 m was exam-
ined. It consists of coarsening-upward cycles, or disorganized
successions of coal, carbonaceous siltstone and fine-grained
sandstone; dark-weathering interbedded, fine- and medium-
grained sandstone; clean, thin- to thick-bedded, medium-
grained sandstone; and pebble conglomerate. Fining-upward
cycles are present within overall coarsening-upward cycles, and
locally up to 50 m of the succession is entirely thin- to thick-bed-
ded, medium-grained sandstone. Common features are coal,
bivalve coquina with scaphopods, carbonaceous films of plants,
silicified logs, and casts of logs in sandstone and conglomerate.
Ammonites and belemnites are rare. Coal seams up to 1 m thick
are commonly at the base of coarsening-upward cycles and may
also be within recessive-weathering intervals above the base.
Medium-grained sandstone has parallel lamination and trough
crossbeds, but is most commonly massive. It also forms lenses
(channels) within interbedded, finer grained rocks (Fig. 98).
Conglomerate locally makes up 30% of the succession, and
commonly forms sheets 3–15 m thick. It is rusty weathering,
clast supported, and has well rounded clasts in a medium- to
coarse-grained sandstone matrix. Well developed crossbeds are
apparent in some exposures (Fig. 99). Many coarsen-
ing-upward cycles are 10–25 m thick (Fig. 100), but vary to
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Figure 96. Section with coarsening-upward cycles in the
Skelhorne assemblage, 11 km north of the confluence of
Maitland Creek and Klappan River.

Figure 97. View east to coarsening-upward cycles of the
Skelhorne assemblage north of Maitland Creek. Cycles are
made of carbonaceous siltstone (±coal), fine- and medium-
grained sandstone, and rare conglomerate (top of section).
Cycles are 6–12 m thick; three are indicated by white bars;
11 km northwest of the confluence of Maitland Creek and
Klappan River . Photograph by C.A. Evenchick.
GSC 2003-357



60 m thick in the upper part of the succession where conglom-
erate is up to 20 m thick. The highest strata locally include
conglomerate units 50 m thick (Fig. 101). Recessive-weath-
ering intervals between the resistant ribs of conglomerate
contain one or more coarsening-upward cycles or have no
apparent organization. In general, conglomerate units are
thicker higher in the succession. The succession south of the
head of Tsatia Creek is laterally equivalent to coal-bearing
strata north and south of Maitland Creek; a primary differ-
ence is that it has a higher proportion of conglomerate. To the
north these strata have a gradational contact with the rusty-
weathering Eaglenest assemblage. Near the contact, differ-
ences between these two assemblages are illustrated by subtle
contrasts in weathering character.

Between Klappan River, Tumeka Lake, Bell-Irving River,
and east of Konigus Creek is a succession of coal-bearing
clastic rocks. Each of the four areas described below contains
more than 500 m of strata, but the stratigraphic relationships
within and between these areas are obscured by complex
folds and faults. Northwest-trending folds have subhorizontal
or gentle southeast plunges, so the three areas along structural

103

Coarsening-
upward
cycle

Conglomerate

Figure 100. Skelhorne assemblage south of the head of Tsatia
Creek. Lower three-quarters of the section is interbedded
carbonaceous siltstone and mudstone, fine-grained sand-
stone, and medium-grained sandstone (most resistant). At the
top is about 10 m of pebble conglomerate. Located 14.5 km
south of Tsatia Mountain. Photograph by C.A. Evenchick.
GSC 2003-360

Figure 99. Crossbedded pebble conglomerate unit 30–50 m
thick in the upper part of the Skelhorne assemblage south of
the head of Tsatia Creek, 14.5 km south of Tsatia Mountain.
Person on right skyline for scale. Photograph by C.A. Evenchick.
GSC 2003-359

Conglomerate

Figure 98. Skelhorne assemblage south of the head of Tsatia
Creek. Twenty metres of platy- to thick-bedded, medium-
grained sandstone interbedded with dark, fine-grained sand-
stone and carbonaceous siltstone, capped by 1 m of chert-
pebble conglomerate. Thick massive sandstone beds are in
the upper quarter of the section, and a well defined channel of
sandstone is delineated by dashed lines. Scale indicated by
circled person at upper left. Located 16 km south of Tsatia
Mountain. Photograph by C.A. Evenchick. GSC 2003-358



trend (southeastward from Tumeka Lake to east of Konigus
Creek) are assumed to be broadly at the same stratigraphic
level, but decreasing slightly to the northwest. Westernmost
strata may grade down into Todagin assemblage east of
Bell-Irving River, but stratigraphic relationships there are
unknown. The succession east of Bell-Irving River is at least
300 m thick. It consists of a variety of thicknesses of
interbedded, dark-weathering siltstone and fine-grained
sandstone; and resistant, light-weathering, medium-grained
sandstone (Fig. 102). Conglomerate is rare and coal is com-
mon. Coarsening- and thickening-upward cycles as much as
20 m thick are locally well defined. Tops of cycles are
medium-grained sandstone, or conglomerate up to 2 m thick.
Several coal seams are up to 0.5 m thick, and in one place, 15
m of strata has three seams, each about 1 m thick, separated by
dark, fine-grained sandstone and siltstone. Thin-bedded

intervals include abundant plant fossils in carbonaceous silt-
stone and sandstone, and Skolithus burrows in fine-grained
sandstone. Medium-grained sandstone is either arenite or
crumbly green wacke, and is massive, parallel laminated,
crossbedded, and rippled. It includes molds of logs, and
bivalve coquina which are present above and below the high-
est concentration of coal seams. Conglomerate occurs as dis-
continuous sheets or lenses commonly less than 10 m thick.

Southeast of Tumeka Lake is a complexly folded succession
more than 500 m thick. In the north are at least 500 m of
carbonaceous siltstone; siltstone laminated or thinly interbedded
with fine-grained sandstone; and thin- and thick-bedded,
medium-grained sandstone. Well defined coarsening-upward cycles
as much as 25 m thick occur locally (Fig. 103). Medium-grained
sandstone occurs as white-, green-, or rusty-weathering sheets,
3 m thick, locally with molds of logs at the top that are up to 0.5 m
diameter and 12 m long. Sandstone has symmetrical ripples and
crossbedding. The succession includes up to 50 m of black,
massive siltstone with bivalves and thin beds of fine- and
medium-grained sandstone. In the central part of the Tumeka
region at least 150 m of strata is 90% laminated siltstone or very
fine-grained sandstone and 10% thin interbeds of medium-
grained sandstone with flame structures, fining-upward beds,
and crossbedding. These strata appear to be roughly the same
stratigraphic level or just below the coarsening-upward cycles
farther north. The southern part of the Tumeka region has
coarsening-upward cycles to 25 m thick, locally capped by con-
glomerate. Conglomerate is 8–15 m thick, thickly bedded, and
normally graded. Medium-grained sandstone is clean, and has
bivalves, belemnites, bioturbation, plant fossils, crossbedding,
and symmetrical ripples. Fine-grained sandstone is laminated
and thinly interbedded with siltstone, and also has abundant
plant fossils. Some cycles may fine upward. The highest strata
have bivalves, and carbonaceous siltstone and coal in coarsening-
upward cycles capped by conglomerate up to 25 m thick.
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Figure 101. View northeast to the upper part of the Skelhorne
assemblage south of the head of Tsatia Creek. The units most
resistant to weathering are pebble conglomerate. The thick-
est sheet is about 50 m thick. Located 14.5 km south of Tsatia
Mountain. Photograph by C.A. Evenchick. GSC 2003-361

Figure 102. View north of folded coal-bearing cyclic strata of
the Skelhorne assemblage east of Bell-Irving River, 1 km
south of the southern boundary of Spatsizi River map area.
Most strata are carbonaceous siltstone, and fine- and medium-
grained sandstone. Coal and conglomerate are rare. The
most resistant rocks, delineated by white dashed lines, are
sheets and lenses of pebble conglomerate which grade later-
ally into finer grained rocks. Width of view at foreground is
1 km. Photograph by C.A. Evenchick. GSC 2003-362

Coarsening- and thickening-
upward cycles

Figure 103. Character of the coarsening- and thickening-
upward cycles of the Skelhorne assemblage southeast of
Tumeka Lake. Thin- to medium-bedded siltstone and fine-
grained sandstone are at base and thick-bedded, medium-
grained sandstone is at top. Section is about 80 m thick and is
located 5 km south of the confluence of Tumeka Creek and
Klappan River. Photograph by C.A. Evenchick. GSC 2003-363



Conglomerate in these cycles has lenses of rippled medium-
grained sandstone, and logs. These strata overlie the succes-
sion of siltstone and fine-grained sandstone of the central
Tumeka region, but their precise relationship to coarsening-
upward cycles in the north, which lack conglomerate, is
unknown.

The region northwest of Sweeny Creek is underlain by
two variations of the Skelhorne assemblage. In the northwest
about 300 m of strata are dominated by a monotonous repetition
of laminated to thin-bedded, dark grey siltstone, medium-
grey- to buff-weathering, very-fine- and fine-grained sand-
stone, and lesser medium-grained sandstone. Conglomerate
and plants are rare and coal is absent. These strata are overlain
to the southwest and southeast by at least 300 m of strata
which have more medium-grained sandstone and conglomer-
ate and are coal-bearing. They locally form well defined,
coarsening- and thickening-upward cycles that are up to 20 m
thick. Coal beds are up to 75 cm thick. Fossil plants and silici-
fied logs to 50 cm diameter occur on bedding planes. Fine-
and medium-grained arenite forms resistant, 3–10 m thick,
weathering sheets that are massive and crossbedded. Con-
glomerate occurs as sheets 10–30 m thick. It is clast supported
with well rounded clasts of low to moderate sphericity (e.g.
Fig. 104) in a fine- to medium-grained sandy matrix, and
includes lenses of arenite. Marine fossils (bivalves) are pres-
ent, but rare. These strata are 4–8 km southeast of the succes-
sion of siltstone and very fine-grained sandstone southeast of
Tumeka Lake. Because of the gentle southeast plunge of folds
they are inferred to be near lateral equivalents.

The area east of Konigus Creek is divided into a southern
one-third where the structure is relatively simple and a north-
ern two-thirds where it is more complex. About 600 m of
strata in the southern part are characterized by coarsen-
ing-upward cycles, 3–15 m thick. Carbonaceous siltstone
(and rare coal) at the base, overlain by interbedded carbona-
ceous siltstone and fine- and medium-grained sandstone, and
thin- to thick-bedded, medium-grained sandstone are locally

capped by 1–3 m of clast-supported pebble conglomerate. This
moderately recessive succession is punctuated by five sheets of
resistant, rusty-weathering conglomerate, 10–30 m thick. Con-
glomerate has indistinct bedding, and lenses of crossbedded,
medium-grained sandstone. Plants are common throughout the
succession, including rare silicified logs, but marine fossils are
absent. The structure and thickness of the northern two-thirds
of the area examined are not well known, but at least 200 m of
strata are repeated by folds. Both disorganized successions and
coarsening-upward cycles are present. Conglomerate is less
abundant than in the south, but coal is relatively common.
Cycles are 10–20 m thick and are locally capped by 3–15 m of
conglomerate. Medium-grained sandstone interbedded with
siltstone has ripple marks and crossbedding. Rusty- to
buff-weathering, black claystone is densely packed with
plants. Where well developed cycles are absent, the succession
is made of thin- and thick-bedded, crumbly to resistant,
medium-grained sandstone, 1–3 m thick, interbedded with
recessive intervals of black siltstone and fine-grained sand-
stone, 1–5 m thick. Molds of logs and plants in sandstone are
common; only one collection of bivalves was found.

The area between Little Klappan and Klappan rivers was
examined in four transects. Near Spratt Creek the succession
has similarities with strata southeast of Tumeka Lake. It is at
least 300 m thick and repeated several times by folds (cross-
section AAAA-BBBB, see Fig. 173). In the southeast it is
dominated by siltstone and fine- to medium-grained sand-
stone. Siltstone is dark weathering, laminated, and massive,
and forms intervals up to 15 m thick. It is also thinly interbed-
ded with fine- and medium-grained sandstone. Medium-
grained sandstone is grey- and rusty-weathering and displays
planar and wavy bedding; it includes belemnites, clams, and
oysters. The trace fossils Skolithus, Diplocraterion, and
Rhizocorallium occur in massive and thin-bedded, fine- and
medium-grained sandstone. Buff-weathering claystone is
also present. This fine- to medium-grained assemblage is
underlain to the northeast, and laterally continuous to the
northwest, with a succession with similar features, but which
includes up to 25% chert-pebble conglomerate. Pebble con-
glomerate is clast supported with minor sandstone lenses, and
forms sheets 10–20 m thick. Conglomerate is commonly
overlain and underlain by thin- to thick-bedded, medium-
grained sandstone, with finer grained strata poorly exposed in
the recessive intervals. Both fining- and coarsening-upward
cycles are present. Scaphopods and silicified logs are rare.

The area between Tacostadia Mountain and Spratt Creek
hosts an intensely deformed succession at least 500 m thick
(cross-section CCCC-FFFF, see Fig. 173). Sandstone and
siltstone are the two main lithofacies, and coal and conglom-
erate are minor ones. Medium-grained sandstone is grey-,
brown-, and rusty-weathering, thin- to thick-bedded, and
locally has a calcareous matrix. It is crossbedded, has linear
symmetrical ripple marks, and burrows, including the trace
fossil Diplocraterion. One example of Diplocraterion is
15 cm deep. Bivalve coquina is rusty weathering, and locally
has disarticulated shells preferentially oriented with concave
side down. Large plant fragments are also present. Siltstone is
dark-grey- to black-weathering and locally has thin beds of
medium-grained sandstone. Other fine-grained lithofacies
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Figure 104. Example of poorly sorted conglomerate with
well rounded clasts and sandy lenses in the Skelhorne assem-
blage west of Sweeney Creek. Located 16 km south of the con-
fluence of Tumeka Creek and Klappan River. Photograph by
G.M. Green. GSC 2003-364



are carbonaceous siltstone and mudstone, locally densely
packed with delicate plants. Several poorly exposed horizons
of coal are probably less than 1 m thick. Conglomerate is
clast- and matrix-supported and commonly overlies medium-
grained sandstone, and in places has abundant plant frag-
ments. It forms sheets or lenses 1–5 m thick, and comprises
less than 3% of the unit. The four lithofacies locally occur in
thickening- and coarsening-upward cycles. A typical cycle
has massive, black (carbonaceous) siltstone or coal at the
base, which is overlain by black siltstone and fine-grained
sandstone, laminated or thinly interbedded with brown or
grey, medium-grained sandstone with ripples, crossbedding,
and large burrows, and capped by parallel-laminated or mas-
sive, medium-grained sandstone (and rarely, conglomerate)
(Fig. 105, 106). Where cycles are not apparent, sandstone and
siltstone are repeated in 3–5 m intervals, with local thicker
successions of the finer grained lithofacies.

In the vicinity of Tacostadia Mountain is an intermixed
succession of fine- and medium-grained sandstone and
siltstone, with less than 10% conglomerate and less than 1%
coal (Fig. 107). Siltstone is dark grey weathering, commonly
laminated to thinly interbedded with fine- and medium-
grained sandstone, and locally forms units up to 8 m thick.
Sandstone is fine- and medium-grained, thin- to thick-bedded
lithic arenite and chert arenite. It commonly forms massive,
planar to wavy beds, and weathers buff to medium grey. It
includes local planar crossbeds and disarticulated bivalve
fragments. Chert-pebble conglomerate and pebbly sandstone
are massive and thick bedded, commonly 2–5 m thick, and
comprise less than 10% of the assemblage. The thickest coal
seam is 1 m thick and occurs in a 2.5 m shale unit overlain and
underlain by conglomerate.

Age of the Skelhorne deltaic assemblage. Strata of the
Skelhorne deltaic assemblage range from early Oxfordian to
early Kimmeridgian; younger ages cannot be ruled out, but
are not demonstrated by the fossils collected. Figure 52 and
Figure 66 show the distribution and ages of fossil collections.
Marine macrofossils (bivalves and ammonites) lie in the
northwest-trending belt between the head of Tsatia Creek and
Prudential Mountain. Those determined with confidence and
of narrow age range are Oxfordian, early Oxfordian, late-
early Oxfordian, early Kimmeridgian, and late Oxfordian to
early Kimmeridgian. One collection south of the head of
Tsatia Creek is between Bathonian and early Oxfordian, but
because it overlies early Oxfordian ones, strata are considered
to be early Oxfordian. Collections which are less confidently
determined are more abundant and are consistent with the
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Figure 106. View southwest showing the repetitive nature of
siltstone (dark) and sandstone (light), locally organized into
coarsening-upward cycles, in the Skelhorne assemblage
12 km south of Tacostadia Mountain. Width of view at ridge
about 600 m. Photograph by C.A. Evenchick. GSC 2003-366

Figure 105. Thickening- and coarsening-upward cycle in the
Skelhorne assemblage south of Tacostadia Mountain. Dark
recessive rocks on left are carbonaceous siltstone, and light-
weathering rocks on right are medium-grained sandstone.
Top is to right; section is 20 m thick. Photograph by
C.A. Evenchick. GSC 2003-365

Figure 107. Nature of the Skelhorne assemblage 2 km
south-southeast of Tacostadia Mountain. Thinly intermixed
coal, siltstone, sandstone, and conglomerate, are locally
organized into coarsening-upward cycles. Relief of view is
about 100 m. Photograph by G.M. Green. GSC 2003-367



local and regional confidently determined ones. No confi-
dently determined fossil collections are from the belt south-
east of Spatsizi River, but several collections of probable
early or middle Oxfordian age are from strata overlying beds
of Oxfordian age, indicating that rocks southeast of Spatsizi
River are Oxfordian or younger. Palynomorphs from the
same belt are Jurassic to Cretaceous, or Middle Jurassic to
Early Cretaceous. From these data, the belt of deltaic rocks
between the head of Tsatia Creek and Prudential Mountain is
considered to be early Oxfordian to early Kimmeridgian, but
could be younger locally. The youngest collections, early
Kimmeridgian south of Maitland Creek, and late Oxfordian
or early Kimmeridgian near Spratt Creek, are the south-
westernmost in this belt, suggesting southwest progradation
of the Skelhorne deltaic assemblage with time. Two “prob-
able” age determination from the southern belt of Skelhorne
assemblage, between Bell-Irving River, Klappan River, and
Nass River, are Late Jurassic or Early Cretaceous, and Middle
or Late Jurassic, suggesting that strata there are Late Jurassic.

Interpretation of depositional environment and regional
relationships of the Skelhorne deltaic assemblage. The com-
mon occurrence of cycles coarsening upward from coal or
carbonaceous mudstone-siltstone, to a cap of medium-
grained sandstone or conglomerate, as well as common
marine and plant fossils, and, in some places, a position over-
lying shelf or slope deposits, are the primary reasons for inter-
preting these strata as deposits of deltaic environments,
ranging from prodelta slope to upper delta plain. The com-
mon coarsening-upward cycles are a result of delta prograda-
tion, as earlier for the Eaglenest assemblage (Miall, 1984).
Fining-upward cycles indicate regions dominated by fluvial
processes, and were probably deposited on the upper delta
plain. In all regions the assemblage includes significant pro-
portions of conglomerate, indicating a continued supply of
pebble- to cobble-sized clasts from the early Oxfordian
through Kimmeridgian. The proportion of conglomerate
ranges from 5–40%, but is 15–25% most commonly, and in
most typical sections. This compares with 30–80% conglom-
erate in the Eaglenest assemblage.

The Skelhorne deltaic assemblage varies widely in detail
between regions, expressing the wide range of potential envi-
ronments, including shallow-marine environments, and vari-
ations in the proportion of influence of different
environments. Areas with a higher proportion of marine strata
than others are the belt from Prudential Mountain to Little
Klappan River, between Tumeka Lake and Sweeney Creek,
Spratt Creek area, and Tacostadia Mountain area (see
Fig. 84). Sediments in these areas were probably deposited in
lower delta plain to pro-delta slope environments. The pres-
ence of at least some coal in all areas except Spratt Creek,
coarsening-upward cycles, and proportion of conglomerate,
are grounds for including these strata in the Skelhorne deltaic
assemblage. The succession at Spratt Creek has less wood
and plants than other regions, lacks coal, has common bur-
rows and marine fossils, including shallow-water burrows,
intertidal fossils (oysters), and other shallow-water fossils
(i.e. scaphopods). It is included in the Skelhorne deltaic
assemblage because of the cyclic nature of conglomerate

sheets, thin intermixing of lithofacies, association of fossils
indicating shallow-water environments, and high rate of sedi-
ment accumulation.

Correlation of the Skelhorne deltaic assemblage.
Skelhorne deltaic assemblage in southeast Spatsizi River map
area overlaps in space with the sub-sea fan portion of the
Duti-Slamgeesh facies identified by Eisbacher (1974a). The
common occurrence of coal and other deltaic features argues
against the interpretation of these strata having formed as
sub-sea fans. A similar deltaic assemblage continues south-
east from the southeast corner of Spatsizi River map area into
Toodoggone and McConnell Creek map areas (Evenchick,
1992; Evenchick and Porter, 1993; Evenchick et al., 2001b).
The assemblage east and west of Konigus Creek terminates a
few kilometres south of the present study area.

Groundhog-Gunanoot deltaic lithofacies assemblage.
Between the Nass and Skeena rivers, and the headwaters of
the Klappan and Little Klappan rivers (Fig. 84), is a succes-
sion of marginal marine through nonmarine strata that are
part of the Groundhog-Klappan Coalfield. Strata are folded
into the gently southeast-plunging Biernes Synclinorium,
with the result that the deltaic assemblage is on the limbs of a
synclinorium and surrounds a central region of overlying
Devils Claw Formation in the core of the synclinorium. The
unit is dominantly fine grained, comprised of coal, carbona-
ceous mudstone and siltstone, calcareous mudstone, fine-
grained sandstone, and medium-grained sandstone, with
minor thin conglomerate. Fossil plants are common as molds
and carbonaceous films as well as densely packed masses in
fine-grained sandstone and siltstone. Silicified logs to 1 m
diameter are found in talus, and locally silicified trees are in
situ in siltstone and sandstone; marine fossils are rare. Planar
tabular crossbedding is the most common sedimentary struc-
ture in sandstone. The Groundhog-Gunanoot deltaic assem-
blage is separated from other deltaic strata because
conglomerate and marine fossils are rare, whereas they are
characteristic of the Eaglenest and Skelhorne deltaic assem-
blages. Four transects examined in this study are described
below; other areas were examined as parts of graduate theses
by I.W. Moffat, H.O. Cookenboo, and S.E. MacLeod (Moffat,
1985; Cookenboo, 1989, 1993; MacLeod, 1991).

West of Otsi Creek is at least 300 m of mainly dark-weath-
ering, fine-grained strata (Fig. 108). The succession is domi-
nantly carbonaceous mudstone and siltstone with abundant
plants, and immature, fine- to medium-grained wacke which
is poorly and irregularly bedded, and forms crumbly,
dark-weathering exposures. Resistant, light-grey-weathering
arenite has planar crossbedding and forms sheets 3–12 m
thick. The resistant sandstone units alternate with, or are
thinly interbedded with, the darker weathering, thinly inter-
bedded, fine- and medium-grained wacke, siltstone, and thin
coal. Fining-upward cycles are locally apparent. Conglomer-
ate makes up 5–10% of the succession and occurs as sheets
5–12 m thick. It is clast supported, massive to poorly bedded,
and has thin sandstone beds. Conglomerate is more common
in the upper part of the assemblage.
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Farther northwest along the northeast limb of the Biernes
Synclinorium, the succession west of Jack Creek is at least
800 m thick and is dominated by fine-grained clastic rocks. It
is mainly dark-weathering, carbonaceous siltstone and mud-
stone, and drab green- and grey-weathering, fine- and medium-
grained sandstone which is irregularly to well bedded, thin- to
thick-bedded, and commonly crumbly weathering. The dark,
recessive succession is punctuated by resistant-weathering
lenses to discontinuous sheets, 1–4 m thick, of grey and
green, medium-grained sandstone which varies in abundance
through the section (Fig. 109, 110). The fine-grained litho-
facies includes orange-weathering, calcareous mud or
claystone beds, 20–40 cm thick (Fig. 111), which are locally
densely packed with delicate plant fossils. The succession
includes two units of conglomerate, which are matrix- and
clast-supported. One is 4 m thick and close to the contact with
the overlying Devils Claw Formation. The other is 10 m thick
and near the lowest part of the succession examined. Laterally
continuous strata on ridges to the southeast appear to have
thicker and more abundant units of conglomerate.

The region northwest of Mount Gunanoot is underlain by
at least 500 m of strata. They are mostly recessive, dark, and
crumbly weathering, fine- to medium-grained sandstone and
carbonaceous siltstone, with discontinuous sheets of resis-
tant-weathering, medium-grained, grey to green sandstone.
Conglomerate is rare. The dark sandstones are grey-, brown-,
brown-green-, and olive-green-weathering, crumbly, and
poorly, irregularly wavy bedded to moderately well bedded
and platy. The lighter coloured more resistant sandstone units
are massive and thick- bedded, locally crossbedded, but near
the top become thinly interbedded with dark, finer grained
sandstone. Sheets are commonly 1–3 m thick, but vary to
10 m thick, and discrete lenses are apparent where exposure is
good. These sandstone units are also common at the base of
2–5 m thick fining-upward cycles. A typical cycle has 2 m of
moderately well bedded, massive, medium-grained sandstone
at the base, overlain by similar sandstone, thinly interbedded

with darker medium- and fine-grained sandstone, and then by
dark, thin-bedded, fine- to medium-grained sandstone with
thin beds of buff- to rusty-weathering, fine-grained sand-
stone. The cycles are capped by 10 cm to more than 50 cm of
laminated, black, very fine-grained sandstone or siltstone,
which is abruptly overlain by massive, medium-grained
sandstone at the base of the overlying cycle. In situ trees are
present locally in the fining-upward cycles (Fig. 112). Con-
glomerate occurs as sheets up to 20 m thick locally, with
large-scale crossbeds, but accounts for less than 10% of the
unit (Fig. 113, 114).

At the southeast corner of the area bounded by Klappan
and Little Klappan rivers is at least 400 m of folded coal-bear-
ing strata. The succession is mainly grey and black siltstone
with grey- and tan-weathering, fine- and medium-grained
sandstone. Beds are parallel to slightly wavy, with local sym-
metrical (wave) ripples and crossbeds. Medium-grained
sandstone units are thin- to thick-bedded and form sheets
3–10 m thick which internally have lateral accretion surfaces
(Fig. 115). Calcareous sandstone with bivalves and bivalve
coquina are at several stratigraphic levels. The fine-grained
intervals, including coal, are locally parts of coarsening-
upward cycles. Conglomerate and pebbly sandstone are rare.
These strata have features in common with both the
Groundhog-Gunanoot and the Skelhorne deltaic assemblages
in that conglomerate is less common than the Eaglenest
assemblage, and coal seams are relatively thick and common.
In contrast to Groundhog-Gunanoot assemblage elsewhere,
they have abundant marine fossils. They are included in the
Groundhog-Gunanoot deltaic assemblage because of the
presence of coal and relatively minor conglomerate. Strati-
graphic relationships of the Groundhog-Gunanoot assem-
blage with units other than the overlying Devils Claw
Formation are unknown.

108

Figure 109. View south to the fine-grained Groundhog-
Gunanoot assemblage west of Jack Creek. Dark-weathering
rocks are siltstone and fine- and medium-grained wacke.
Light-weathering rocks are medium-grained arenite.
Located 3 km west-southwest of the confluence of Jack Creek
and Skeena River. Relief of foreground ridge from saddle to
ridge is about 130 m. Photograph by C.A. Evenchick.
GSC 2003-369

Figure 108. View northwest showing the general character
of the Groundhog-Gunanoot assemblage west of Otsi Creek.
Recessive parts are mudstone and fine-grained sandstone,
and resistant parts are medium-grained sandstone. The most
resistant layer, denoted by dashed line at base, is pebble con-
glomerate. Located 5.5 km west of the confluence of Otsi
Creek and Skeena River. Width of view is 1.3 km. Photograph
by C.A. Evenchick. GSC 2003-368
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Age of the Groundhog-Gunanoot deltaic assemblage. The
age of Groundhog-Gunanoot strata is controversial, but is
probably between the latest Jurassic and late Early
Cretaceous. Because the Groundhog-Gunanoot assemblage
of this report overlaps in space with most of the previously
defined units in the Groundhog Coalfield, discussion of its
age requires a review of the ages of previously defined units.

The largest body of information on strata in the Groundhog
region is a result of sedimentological and related biostrati-
graphic studies of I.W. Moffat, H.O. Cookenboo, and
S.E. MacLeod (Moffat et al., 1988; MacLeod and Hills, 1990,
1991b; Cookenboo et al., 1991). The ages from these studies
apply to nomenclature proposed by Cookenboo and Bustin
(1989), and are controversial for two reasons. One is that inter-
pretations of Cookenboo et al. (1991, and references therein)
are based largely on palynomorphs, whereas those of MacLeod
and Hills (1991b, and references therein) are based largely on
plant macrofossils. Both types of flora have inherent problems
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Figure 111. Rusty-weathering, locally calcareous, mudstone
and claystone beds, some of which are densely packed with
delicate plant fossils. Groundhog-Gunanoot assemblage
3 km west-southwest of the confluence of Jack Creek and
Skeena River. Hammer is 33.3 cm long. Photograph by
C.A. Evenchick. GSC 2003-370

Fining-
upward
cycle In situ

tree
In situ
tree

Figure 112. In situ tree in fining-upward cycles of the
Groundhog-Gunanoot assemblage. One fining-upward cycle
is indicated by the white bar. Medium-grained arenite at the
base of the cycle is overlain by sandstone thinly interbedded
with darker (and finer grained) sandstone. The cycle is
capped by dark-weathering, laminated to thin-bedded
siltstone which is in sharp contact with light-coloured,
medium-grained arenite at the base of the overlying cycle.
Located 6.5 km north-northeast of Mount Gunanoot. Photo-
graph by C.A. Evenchick. GSC 2003-371

Devils Claw Formation

Groundhog-Gunanoot
assemblage

Figure 113. Typical Groundhog-Gunanoot assemblage
northwest of Mount Gunanoot, illustrating dark, recessive,
thin layers; paucity of conglomerate; and occurrence of con-
glomerate as discontinuous sheets. Conglomerate sheets at
the top of the ridge are Devils Claw Formation. The black line
marks the contact between the two units, and the white lines
indicate the bases of conglomerate sheets in the Groundhog-
Gunanoot assemblage. Relief of ridge is about 500 m. Photo-
graph by C.A. Evenchick. GSC 2003-372

Bedding

Foresets

Figure 114. View west of large foresets in conglomerate in
the Groundhog-Gunanoot assemblage 4.5 km due north of
Mount Gunanoot. The resistant cliff of conglomerate is a
sheet underlain by poorly bedded, medium- and fine-grained
sandstone, and carbonaceous siltstone and mudstone. Scale
is indicated by person at top of cliff. Photograph by
C.A. Evenchick. GSC 2003-373



in interpretation: plant macrofossils are commonly long-
ranging in age, whereas pollen from the Bowser Lake Group
are generally poorly preserved (A.R. Sweet, pers. comm.,
1998). The second source of controversy is that the inter-
preted ages of fossils are applied to formalized stratigraphy,
but the boundaries of the units are not placed consistently by
different users, with the result that ages refer to somewhat dif-
ferent sections (e.g. Cookenboo et al., 1991). An additional
complication is confusion over the position of a type section.
The result of these issues is two conflicting models for evolu-
tion of strata of the Groundhog Coalfield region. The units
defined by Cookenboo and Bustin (1989) are the Jackson
unit, and Currier and McEvoy formations (see Table 6). They
overlap in space with the Skelhorne, Groundhog-Gunanoot,
and Jenkins Creek assemblages of this report, but their
boundaries do not correspond to those of the assemblages.
The Jackson unit contains latest Jurassic marine macrofossils
(Moffat et al., 1988; MacLeod and Hills, 1990); the primary
differences in interpretation are in overlying strata. In the
view of MacLeod and Hills (1990, 1991a, b), the entire suc-
cession in the Groundhog Coalfield region is a result of one
continuous regression, the Currier Formation is Neocomian,
and all overlying strata are pre-Albian. In the view of
Cookenboo et al. (1991, and references therein), the Currier
Formation is latest Jurassic and earliest Cretaceous
(Berriasian), the McEvoy Formation is Barremian to middle
Albian, and the Devils Claw Formation is late-middle Albian
to latest Albian or Cenomanian. An inferred unconformity
between Currier and McEvoy formations (Cookenboo and
Bustin, 1989), was later reconsidered to be neither proven or
disproven (Cookenboo et al., 1991).

The Groundhog-Gunanoot assemblage overlaps in space
with parts of the Jackson unit, and Currier and McEvoy for-
mations. Therefore, using the age range of all units, it could

be latest Jurassic to pre-Albian using the ages of MacLeod
and Hills (1991a, b), or latest Jurassic to Barremian to middle
Albian using the ages of Cookenboo et al. (1991). In those
studies ages are assigned to a unit or stratigraphic column, but
the specific location is rarely given, so that the ages are diffi-
cult to apply to a unit with different boundaries, such as the
Groundhog-Gunanoot assemblage. Some Late Jurassic
bivalve and belemnite collections reported in these papers
appear to be in surrounding areas of Skelhorne assemblage.

Fossil collections reported herein (see Appendix 1;
Fig. 52) include marine macrofossils and palynomorphs.
Palynomorphs were examined by A.R. Sweet (GSC). In gen-
eral, those from the Bowser Lake Group are poorly preserved
and the ages of eight samples were determinate. One sample
from low in the succession on the north limb of the Biernes
Synclinorium was determined to be Jurassic to Early
Cretaceous. Marine macrofossil collections include: a prob-
able middle Kimmeridgian to early Portlandian bivalve low
in the succession on the north limb of the Biernes
Synclinorium, and a probable Callovian to Oxfordian collec-
tion, and probable Aalenian to Callovian collection, both in
the region south of Little Klappan River.

Although there is disagreement about details of the ages
of strata in the coalfield, the sparse marine macrofossils, all
occurring low in the succession between Skeena and Nass
rivers, corresponding to the lower part of the Groundhog-
Gunanoot assemblage, indicate that strata there are probably
latest Jurassic to Early Cretaceous. The top of the assemblage
corresponds approximately to the top of the McEvoy Formation,
and therefore its age is pre-middle Albian according to infor-
mation provided by Cookenboo et al. (1991), or pre-Albian
according to information provided by MacLeod and Hills
(1990).

Correlation of the Groundhog-Gunanoot deltaic assem-
blage. Strata in the Groundhog-Gunanoot deltaic assemblage
have been referred to as deltaic coal swamps of the Gunanoot-
Groundhog facies (Eisbacher, 1974a), and overbank,
overbank-channel, and channel-overbank facies of the
Gunanoot assemblage (Richards and Gilchrist, 1979). More
recent and detailed studies have focused on biostratigraphy
and formal lithostratigraphy, and are briefly introduced
above. The Jackson unit, originally correlated on age with the
Ashman Formation, is probably a more persistently marine
(prodelta) part of the deltaic assemblage. The controversies
regarding specific boundaries and ages of the units below the
Devils Claw Formation (e.g. Cookenboo et al., 1991;
MacLeod and Hills, 1991a) appear to be in part a result of the
somewhat similar lithologies of each unit, and likely
interfingering nature of portions of the delta plain. From the
perspective of regional mapping, the subtle differences
described for these units do not constitute sufficient lithological
differences to map separately. The Jackson unit, and Currier
and McEvoy formations constitute a succession of marginal
marine through low-energy deltaic and nonmarine strata all
included herein in the Groundhog-Gunanoot deltaic assem-
blage, a modification of the term originally applied by
Eisbacher (1974a).
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Figure 115. View south to thinly intermixed fine-grained
strata (mudstone to medium-grained sandstone) with coal in
the Groundhog-Gunanoot assemblage 7 km southwest of the
confluence of Butler Creek and Little Klappan River. Note
lateral accretion surfaces (white dashed lines) in resistant,
light-grey-weathering sandstone unit. The top of the sand-
stone unit is indicated by a white dotted line. Width of view is
about 400 m. Photograph by G.M. Green. GSC 2003-374



The detailed studies of I.W. Moffat, S.E. MacLeod, and
H.O. Cookenboo provide a large source of detailed, site-
specific information of a variety of types that is invaluable to
the researcher focusing on the Groundhog Coalfield.
Although the formalized units could not be mapped at the
level of detail of the current study, it is clear from the previous
studies that a more detailed breakdown is desirable. The
strongly differing interpretations, however, are evidence that
the current formation boundaries are difficult to apply.

Interpretation of depositional environment of the
Groundhog-Gunanoot deltaic assemblage. The unit has
some characteristics of the Skelhorne deltaic assemblage, but
the paucity of conglomerate and marine fossils, greater abun-
dance of thicker coal seams, and a greater proportion of fining-
upward cycles are the primary reasons for interpreting these
strata as lower energy deltaic deposits. Fining-upward cycles
indicate regions dominated by fluvial processes, and were
probably deposited on the upper delta plain. This interpreta-
tion is generally consistent with those of the previous regional
and detailed studies (Eisbacher, 1974a; Bustin and Moffat,
1983; Cookenboo and Bustin, 1989; MacLeod and Hills,
1990). The Currier unit was inferred to represent marginal
marine, deltaic, and fluvial environments (Bustin and Moffat,
1983; MacLeod and Hills, 1990), and the McEvoy to repre-
sent either marine and nonmarine environments (Bustin and
Moffat, 1983) or entirely nonmarine, upper delta-plain envi-
ronments (MacLeod and Hills, 1990). Cookenboo and Bustin
(1989) considered the Currier and McEvoy formations to be
parts of two large coarsening-upward, regressive sequences,
the lower one consisting of the marine shale units of the Jackson
unit, coarsening-upward into the Currier Formation, and the
upper one consisting of the siltstone and shale of the McEvoy
Formation, coarsening upward to the Devils Claw Formation.
An Early Cretaceous regional hiatus was inferred between the
two sequences (Cookenboo and Bustin, 1989), but argued
against by MacLeod and Hills (1991a, b), who considered the
succession to be one continuous regressive sequence. The
presence or absence of a hiatus is based on fossil arguments
noted above. Whether or not a hiatus exists, the strata are part
of a more regional marginal marine-deltaic succession, which
is older and coarser north of the Groundhog-Gunanoot region
(e.g. the Skelhorne deltaic assemblage). The southern
(Groundhog-Gunanoot) deltaic assemblage is a younger suc-
cession with less marine influence, significantly less con-
glomerate, the most important coal in the Groundhog
Coalfield, and a higher proportion of upper delta-plain
deposits, which also increases upward, and reflects relatively
low-energy conditions. The common occurrence of fining-
upward cycles in the upper part are an indication of persistent
upper delta-plain–fluvial environments not common in the
other deltaic assemblages. Farther north, in the Skelhorne
deltaic assemblage, abundant conglomerate and marine fos-
sils probably reflect deposition during a time of greater sedi-
ment supply and greater marine influence. The distribution of
these two belts of deltaic assemblages on a broad scale illus-
trates southward progradation of delta-plain environments
with time, and reduced regional gradient with time. Strata
near Spratt Creek may represent a transition in time between

the two, being younger than some of the Skelhorne assem-
blage to the north, and overlapping in age with oldest
Groundhog-Gunanoot assemblage in the Groundhog region.

Jenkins Creek nonmarine assemblage. Strata northeast and
southwest of the strata described above (Fig. 116) are mainly
mudstone, siltstone, fine-grained sandstone, and medium-
grained sandstone. Conglomerate is rare, comprising less
than 3% of the succession northeast of Skeena River, and
locally up to 15% of the succession west of the Nass River.
Strata are commonly arranged in fining-upward cycles with
abundant plants and no marine fossils. Abundant fining-
upward cycles, the paucity of conglomerate, and absence of
marine fossils are features which distinguish them from
deltaic strata farther north, but they have many similarities
with the upper part of the neighbouring Groundhog-
Gunanoot deltaic assemblage. The assemblage was examined
in six transects.

East of Wing Creek is a succession more than 1000 m
thick of mainly fine-grained strata. Thick intervals comprised
of cycles fining upward from medium-grained sandstone to
mudstone are common. Cyclic parts of the succession are sep-
arated by up to 150 m of dark grey siltstone and silty
mudstone with less than 10% fine-grained sandstone, in
which fining-upward cycles are not well developed. The
lower two-thirds of the unit has less than 20% medium-
grained sandstone, and consists of fining-upward cycles
3–8 m thick. The bases of cycles are lenticular (in
cross-section) sandstone bodies, 1–2 m thick, made of trough
crossbedded, medium-grained lithic sandstone. The
medium-grained sandstone is overlain by planar and slightly
wavy bedded, fine-grained sandstone, carbonaceous
siltstone, and silty mudstone, with very rare, thin coal at the
top (Fig. 117). Abundant plant fossils commonly have com-
plete leaves and delicate structure. Plants are particularly well
preserved in orange-weathering, calcareous, silty mudstone.
The upper one-third of the succession is also comprised of
fining-upward cycles, but they are 25–75 m thick, with 8–12 m
of resistant, coarse-grained sandstone, pebbly sandstone, and
pebble conglomerate at the base (Fig. 118). The basal unit has
abundant trough crossbeds. Tops of cycles are 15–50 m of
dark grey, carbonaceous, fine-grained sandstone, siltstone,
and silty mudstone. Plants are abundant.

At least 400 m of fine-grained clastic rock southeast of
Ranger Creek is repeated by open folds. Sandstone is thin- to
medium-bedded, fine- and medium-grained, and grey- and
green-weathering. It has plant fossils and forms units 0.5–4 m
thick which alternate with dark-weathering, very fine-
grained sandstone and siltstone, 1–2 m thick (Fig. 119). The
strata resemble the lower part of the unit east of Wing Creek
in that it is 70% dark siltstone to fine-grained sandstone, has
fining-upward cycles, (?)trough crossbedded sandstone, and
abundant plants. Buff- to rusty-weathering, calcareous
claystone hosts delicate plant fossils. Two exposures of con-
glomerate are probably at the same stratigraphic level within
the top 80 m of the succession. One is 30 cm of matrix-sup-
ported, fine (1–2 cm) pebble conglomerate at the base of a
crossbedded sandstone unit. The other is a well defined lens
of clast-supported pebble conglomerate 5 m thick. Northwest
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of the ridge examined, the upper part of the section appears to
have more abundant and thicker sandstone units than the
lower part.

Southeast of Jenkins Creek is a uniform succession at
least 2000 m thick. Less than 40% of it is medium-grained
sandstone, and more than 60% is dark-weathering, laminated

and massive, fine-grained sandstone, siltstone, and
mudstone. Minor constituents are rusty- and buff-weather-
ing, calcareous claystone beds 15–20 cm thick; grey lime-
stone, 20–30 cm thick; and conglomerate. Strata are
commonly arranged in 1–8 m thick fining-upward cycles.
Medium-grained sandstone occurs in laterally continuous
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Figure 116. Map of distribution of Jenkins Creek assemblage (light shade) and Devils Claw Formation
(dark shade) in southern Spatsizi River map area, and locations of cross-sections. Not all creek, mountain,
or structural names are shown.

Very rare carbonaceous to coaly
mudstone cap.

Medium brown and grey, very fine-
grained sandstone and siltstone;
wavy beds, ripples.

Light brown, grey, medium-
grained lithic sandstone; rare mud
rip ups, log impressions; slightly
erosive, irregular, channellized
base.

Medium to dark grey siltstone, silty
mudstone, carbonaceous with
abundant plants.

2
m

Figure 117. Typical fining-upward cycle in the lower part of
the Jenkins Creek assemblage east of Wing Creek. Located
3 km south-southwest of the confluence of Wing Creek and
Kluayetz River. Most cycles are 3–8 m thick, but some are
more than 10 m thick.

10 m medium-grey-weathering, clast-
supported pebble conglomerate;
vague trough crossbedding.
Lenticular sandstone bed.

5–8 m trough crossbedded
sandstone.

Dark grey, silty mudstone.

10
m

Figure 118. Typical fining-upward cycle in the upper part of
the Jenkins Creek assemblage east of Wing Creek. Located
4.5 km south of the confluence of Wing Creek and Kluayetz
River.



and discontinuous 1–3 m thick sheets, (Fig. 120). They con-
tain abundant planar-tabular and trough crossbeds, locally in
sets to 40 cm thick. The one horizon of conglomerate is about
1200 m above the lowest strata examined. It is clast supported
and crossbedded, and forms the lower 0.5 m of a 15 m thick,
resistant sheet. The upper part of the sheet is 10 m of
crossbedded, pebbly sandstone (Fig. 121) overlain by 5 m of
crossbedded arenite.

Northwest of Garner Creek several hundred metres of
folded strata, similar to those described above, is dominated
by siltstone, mudstone, and fine-grained sandstone, with
lesser medium-grained sandstone. Conglomerate and coal are
minor constituents. Grey sandstone is resistant weathering,
and dark grey-brown sandstone is crumbly weathering; sand-
stone has planar tabular crossbeds. Siltstone is dark weather-
ing and commonly interbedded with fine-grained sandstone.
Coal occurs at several horizons as seams 20–30 cm thick.
Conglomerate forms discontinuous sheets and lenses several
metres thick. It is well sorted, clast supported, and found at
the bases of coarsening-upward cycles. Delicate plants and
silicified logs are common, and are the only fossils present.

Southwest of Nass River are about 700 m of strata with
some features similar to those northeast of Skeena River. In the
north, the lower 200–300 m is repeated several times by tight,
overturned folds whereas the southern, upper part is openly
folded. The succession is dominated by dark-weathering sand-
stone and siltstone, but is punctuated by sheets of pebble con-
glomerate that make up about 15% of the unit (Fig. 122).
Medium-grained sandstone is grey-, brown-, and green-weath-
ering; lighter coloured varieties are relatively resistant to
weathering whereas darker ones are crumbly. Sandstone is
massive, thin- to thick-bedded, and planar to irregular and
slightly wavy bedded. Planar tabular and (?)trough crossbeds
are common. Bases of medium-grained sandstone units are
erosive into underlying siltstone. Fine-grained sandstone and
siltstone is dark-grey- to black-weathering, commonly carbo-
naceous with abundant plants, and includes minor, buff-weath-
ering laminated mudstone. The sandstone, and fine-grained
sandstone with siltstone lithofacies are commonly arranged in
fining- and thinning-upward cycles, but also alternate in no
well defined pattern. The cycles have medium-grained sand-
stone (or, less commonly, conglomerate) at the base, overlain
by medium-grained sandstone thinly interbedded with
fine-grained sandstone and siltstone, and are capped by lami-
nated siltstone or carbonaceous mudstone (Fig. 123, 124).
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Figure 119. Character of Jenkins Creek assemblage south-
east of Ranger Creek. Light-weathering beds are medium-
grained sandstone, and dark-weathering beds are fine-
grained sandstone, siltstone, and mudstone. Viewed to north-
east, 5 km northeast of the confluence of Otsi Creek and
Skeena River. Relief from foreground saddle to ridge is
150 m. Photograph by C.A. Evenchick. GSC 2003-375

Figure 120. Sheets and lenses of medium-grained sandstone
(light weathering) within fine-grained sandstone, siltstone,
and mudstone (dark weathering) in the lowest part of the
fine-grained Jenkins Creek assemblage southeast of Jenkins
Creek. Note the well defined channels in the central part of
the photograph. Exposure is about 70 m high, 11 km east of
the confluence of Otsi Creek and Skeena River. Photograph
by C.A. Evenchick. GSC 2003-376

Figure 121. Crossbedded sandy conglomerate in the only
conglomerate horizon in the Jenkins Creek assemblage
southeast of Jenkins Creek. Located 9.5 km east of the conflu-
ence of Otsi Creek and Skeena River. Hammer is 33.3 cm
long. Photograph by C.A. Evenchick. GSC 2003-377



The cycles are commonly 10 m thick, but are thicker where
conglomerate is at the base. Conglomerate is clast supported,
parallel to vaguely crossbedded, and commonly has tree
impressions at the base. It forms discontinuous sheets,
8–15 m thick.

West of Nass Lake, 800–1000 m of folded strata
(Fig. 125) are similar to those southwest of Nass River.
Medium-grained sandstone, fine-grained sandstone, and
siltstone make up 85–90% of the succession. Conglomerate
occupies 10–15% of the unit and coal less than 1%.
Medium-grained sandstone is grey- to brown-weathering,
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Figure 122. Dominantly fine-grained strata of the Jenkins
Creek assemblage southwest of Nass River. Thick resistant
units are conglomerate. Located 11 km south of the south end
of Nass Lake. Width of view at foreground is about 700 m.
Photograph by C.A. Evenchick. GSC 2003-378

Conglomerate

Sandstone
Carbonaceous

siltstone and
mudstone

Figure 124. View southeast to fining-upward cycle in the
Jenkins Creek assemblage southwest of Nass River. The low-
est, cliff-forming unit is conglomerate. It is overlain at the
break in slope by medium-grained sandstone, which is over-
lain by platy, medium-grained sandstone; platy, fine-grained
sandstone; and carbonaceous siltstone and mudstone.
Located 15 km south of the south end of Nass Lake. Photo-
graph by C.A. Evenchick. GSC 2003-379

Massive, medium-grained sandstone.

Massive, medium-grained sandstone.

Medium-grained green sandstone; overlies
15 m of sandstone and siltstone in fining-
upward cycles.

Fine-grained, green and black sandstone fining-
upward to laminated sandstone and siltstone.

Siltstone, and siltstone laminated with
sandstone and siltstone.

Clast-supported conglomerate with
crude parallel bedding.

Talus of carbonaceous mudstone, coal.

Black siltstone.

1 m

Figure 123. A 25 m thick section of the Jenkins Creek assem-
blage southwest of Nass River. Plants are abundant and
sandstone is commonly crossbedded. Siltstone at the top of a
fining-upward cycle is at the base of the section, and is over-
lain by conglomerate at the base of another fining-upward
cycle capped by carbonaceous mudstone. Located 10.5 km
south of the south end of Nass Lake.

Figure 125. View southeast of mainly fine-grained strata of
the Jenkins Creek assemblage west of Nass Lake. Light-col-
oured and most resistant units are conglomerate; the rest is
sandstone, siltstone, and mudstone; 4 km west of Nass Lake.
Width of view is 1 km. Photograph by C.A. Evenchick.
GSC 2003-380



massive and vaguely crossbedded, and thin- to thick-bedded,
with planar and wavy bedding surfaces. Dark, fine-grained
sandstone is commonly thinly interbedded with the
medium-grained sandstone and is locally crosslaminated.
Siltstone is dark grey or black, and carbonaceous. It is lami-
nated and massive, and locally densely packed with delicate
plant fossils. Rusty- or buff-weathering claystone is associa-
ted with the siltstone. Medium-grained sandstone commonly
forms sheets and lenses 1–3 m thick at the base of fin-
ing-upward cycles. Cycles are 3–10 m thick, but are thicker
where conglomerate is present. Medium-grained sandstone
thins upward to thinner bedded sandstone, and gradually
includes interbeds of dark, fine-grained sandstone and
siltstone. Interbedded, medium-grained sandstone and
fine-grained sandstone is overlain by laminated, dark,
fine-grained sandstone and siltstone; very carbonaceous
siltstone with plants; and rare, thin (<0.5 m) coal beds.
Fining-upward cycles are common, but thick intervals with
alternating sandstone and dark, fine-grained sandstone and
siltstone with no apparent trends are also present (Fig. 126),
and some cycles may coarsen upward. Conglomerate occurs
as lenses and sheets 3–25 m thick, but most are between 3 m
and 10 m. It is commonly clast supported and has rare lenses

of medium-grained sandstone, particularly at the base. Plants
(including silicified logs) are abundant in all lithofacies, but
marine fossils are absent. Although the distribution of litho-
facies is moderately uniform throughout the succession, coal
is present only in the lower 200 m, and the thickest conglom-
erate units are in the upper 300 m. Contacts with other assem-
blages are not exposed.

Age and correlation of the Jenkins Creek nonmarine
assemblage. The belt northeast of Skeena River was called the
“Jenkins Creek Facies” by Eisbacher (1974a). The same area is
part of the more widespread McEvoy Formation of Cookenboo
and Bustin (1989) and Cookenboo (1993). No fossils of narrow
age-range have been recovered during this study, although 11
samples were processed for palynomorphs. According to
Cookenboo et al. (1991, and references therein) the McEvoy
Formation is Barremian to mid-Albian based on
palynomorphs. According to MacLeod and Hills (1991a, b,
and references therein) it is pre-Albian based on plant
macrofossils. It is unclear, however, if the fossils on which
these ages are based are in the area mapped as Jenkins Creek
assemblage. In addition, Jenkins Creek assemblage is sepa-
rated from strata of known age by valleys concealing the struc-
tural geometry, and therefore stratigraphic relationships are
uncertain. For these reasons, age of the assemblage cannot be
determined with confidence. If a simple regression model for
the basin is assumed, and it is assumed that there is no thrust
fault in the valley between Jenkins Creek and Skelhorne
assemblage, then the unit may be inferred to be younger than
the Oxfordian Skelhorne deltaic strata.

Interpretation of the Jenkins Creek nonmarine assem-
blage. The association of medium-grained sandstone inter-
bedded with mainly fine-grained sandstone, siltstone,
carbonaceous and calcareous mudstone, and minor conglom-
erate and coal, their arrangement in fining-upward cycles,
and the common occurrence of planar and trough crossbeds,
medium-grained sandstone and conglomerate as lenses and
discontinuous sheets, combined with an abundance of plant
fossils and lack of marine fossils, are the basis for interpreta-
tion of these strata as deposits of a low-gradient fluvial (and
lacustrine) system with little or no marine influence. The
interpretation follows that of Eisbacher (1974a) for strata
northeast of Skeena River, as continental deposits of low-gra-
dient alluvial plains and minor lakes, and similar interpreta-
tions made by Bustin and Moffat (1983), and MacLeod and
Hills (1990), for the McEvoy Formation. In the proposed
model of a meandering, low-gradient fluvial system, the
sandstone (and conglomerate) lenses and discontinuous
sheets with planar tabular and trough crossbedding are chan-
nel deposits resulting from the migration of channels across a
floodplain. Fine-grained sandstone, siltstone, and mudstone
are overbank, floodplain deposits. Fining-upward cycles rep-
resent gradual abandonment of channels, and settling of fine
clastic material in the floodplain, including lakes and
swamps. Calcareous siltstone, mudstone, and claystone with
well preserved delicate fossils are probably lacustrine in ori-
gin (Cookenboo and Bustin, 1989). The succession northeast
of Skeena River is dominated by fine-grained lithofacies
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Conglomerate.

Black siltstone laminated and thinly
interbedded with fine-grained sandstone.

Talus of carbonaceous siltstone with
plants.

Thin-bedded sandstone.

Mixed siltstone, thin- and medium-
bedded, fine- and medium-grained
sandstone.

Thin-bedded sandstone and siltstone
with more siltstone near top.
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medium-grained sandstone, thinning
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Thin- to thick-bedded and fine- to
medium-grained sandstone.
Crumbly, dark, fine-grained sandstone
and rusty claystone beds.

Figure 126. Typical 40 m of section of fine-grained strata
between conglomerate units in the Jenkins Creek assemblage
west of Nass Lake. With the exception of one coarsening-
upward cycle at the top, these strata lack organization into
cycles. Location 7.5 km northwest of the south end of Nass
Lake.



(mudstone and siltstone), indicating primarily low-gradient
fluvial systems. Channels carrying sandstone migrated across
this low-gradient floodplain, leaving the medium-grained
sandstone and very rare conglomerate which was observed.
The upper parts of the succession northeast of Skeena River,
and much of the region to the southwest have coarser and
thicker cycles and include conglomerate; these probably
reflect major fluvial channels. This trend indicates prograda-
tion of fluvial systems, resulting from either an increase in
sediment supply and/or proximity to source. Early
Cretaceous tectonic factors which could have had an impact
on sedimentation are the early stages of the Skeena Fold Belt
to the southwest, and broad uplift of the Omineca Belt to the
east.

Because the age and stratigraphic position of Jenkins
Creek nonmarine assemblage with respect to surrounding
strata are unknown, and even the relationships between the
two major belts of the assemblage are unclear, interpretation
of their place in the depositional history of the basin is prob-
lematic. Strata in the belt northeast of Skeena River could be
roughly the same age as the Groundhog-Gunanoot deltaic
assemblage. If this is the case, the nonmarine assemblage
may either represent a more proximal, fluvial-dominated part
of the system than the lower part of Groundhog-Gunanoot
assemblage to the southwest, or, it may be coeval with the
upper part, and represent the same large, low-gradient
floodplain. The coarsening-upward trend at the top of the
assemblage may have been contemporaneous with a similar
trend of the Groundhog-Gunanoot deltaic assemblage which
heralds the beginning of abundant, coarse clastic deposition
of the Devils Claw Formation. Alternatively, the nonmarine
strata may be younger than the Groundhog-Gunanoot
delta-plain assemblage, and part of a fluvial system coeval
with the one that resulted in the Devils Claw Formation (dis-
cussed in ‘Devils Claw Formation’ section, below).

The primary difference between strata northeast of the
Skeena River and those southwest of Nass River is that the
latter have about 15% conglomerate whereas the former have
less than 1%. The relative age of these belts is unknown, but if
they are the same age the higher proportion of coarse clastic
material in the southwest indicates a source in that direction,
and allows speculation that the source was topographic highs
of Bowser Lake Group resulting from early phases of Skeena
Fold Belt development. This could have been either preced-
ing, during, or following deposition of the conglomeratic
Devils Claw Formation, which presently forms the core of the
synclinorium separating the two belts of nonmarine assem-
blage. An argument for the two belts of nonmarine strata hav-
ing been one continuous sheet is their position on either side
of the Biernes Synclinorium. Poor exposure in the Skeena and
Nass river valleys, however, precludes determination of
structural and stratigraphic relationships between units.

Devils Claw Formation. Overlying the mainly fine-grained,
nonmarine top of the Groundhog-Gunanoot delta-plain
assemblage is a well exposed succession at least 1000 m thick
with a high proportion of conglomerate. It forms the core of
the Biernes Synclinorium in a belt reaching from Mount

Gunanoot in southeast Spatsizi River map area, southeast-
ward to Devils Claw Mountain in northeast Bower Lake map
area (Fig. 116). Sheets of conglomerate make up between
30% and 80% of the unit and commonly form cliffs and
flat-irons depending on their orientation. The sheets are later-
ally continuous for up to several kilometres, and cliff expo-
sures exhibit large-scale crossbeds and lateral accretion
surfaces. Intervening strata are carbonaceous siltstone,
fine-grained sandstone, medium-grained sandstone, and
minor coal. Fossil plants are common and marine fossils are
absent. The four transects examined are described below; the
reader is referred to Bustin and Moffat (1983), Cookenboo
and Bustin (1989), and MacLeod and Hills (1990) for addi-
tional descriptions.

Four kilometres north-northwest of Mount Gunanoot,
about 70 m of sandstone and siltstone of the upper
Groundhog-Gunanoot deltaic assemblage is overlain by
about 250 m of strata dominated by chert-pebble conglomer-
ate (Fig. 127); only the base was examined in detail. The basal
cliff-forming unit has 2 m of medium-grained sandstone at
the base overlain by about 30 m of rock, which is more than
90% conglomerate. Near the base, conglomerate is clast sup-
ported, with most clasts 0.5–3 cm across. A generalized sec-
tion of the Devils Claw Formation and underlying strata is
shown in Figure 128. The base of the 30 m cliff-forming con-
glomerate is picked as the base of the formation in this region
because it is the most pronounced change in facies character.
A 10 m thick conglomerate unit occurs about 60 m below the
contact, but conglomerate units of this thickness occur spo-
radically throughout the underlying unit, and do not coincide
with marked change in facies character.
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Devils Claw
Formation

Groundhog-
Gunanoot

assemblage

Figure 127. View northwest to the bottom 250 m of Devils
Claw Formation, 4.5 km north-northwest of Mount
Gunanoot. The base of the lowest, most prominent cliff is the
basal contact of the formation; thick, cliff-forming units are
conglomerate and recessive parts are medium-grained sand-
stone, fine-grained sandstone, siltstone, and mudstone.
Underlying Groundhog-Gunanoot assemblage is dominantly
sandstone to mudstone. Photograph by C.A. Evenchick.
GSC 2003-381



Six kilometres southeast of Mount Gunanoot, more than
500 m of the unit is exposed, and locally about 80% of it is
conglomerate (Fig. 129). Conglomerate sheets include minor
lenses of medium-grained sandstone which has planar
crossbeds in sets up to 1 m thick. Conglomerate is massive to
crudely bedded, and sheets are separated by 3–5 m of dark
grey siltstone with large wood fragments, fine-grained sand-
stone, and minor coal. This succession is at least 500 m above
the base of the formation.

Farther southeast, south of the head of Kluakaz Creek and
southwest of the head of Porky Creek, about 250 m of strata
relatively high in the unit, as well as about 300 m in the lower
part were examined. The upper part, 14 km southeast of
Mount Gunanoot, is composed of about 30% conglomerate
and 70% finer grained lithofacies (Fig. 130, 131, 132). Con-
glomerate appears to decrease slightly in proportion
upsection. Sheets are grey weathering, 10–20 m thick, and
include about 10% medium-grained sandstone as thin beds at
the base and as lenses of crossbedded sandstone throughout
(e.g. Fig. 133). Conglomerate is clast supported, with well

rounded clasts of moderate sphericity. As in other units and
other regions of the formation, the dominant clast type is
chert, but rare chert arenite clasts are also present; their signif-
icance will be discussed in ‘Interpretation of Devils Claw
Formation’ and ‘Provenance of Bowser Lake Group’ sec-
tions, below. Clasts are commonly 0.5–2 cm across, but the
tops of conglomerate sheets are poorly sorted and the maxi-
mum clast size ranges up to 16 cm. Although the conglomer-
ate units are relatively continuous sheets, they thin, thicken,
and pinch out laterally. Locally the bases of the sheets are rip-
pled and have large log impressions. Conglomerate units are
the bases of fining-upward cycles. The upper parts of cycles
are dark weathering and recessive intervals 10 m to more than
30 m thick (Fig. 132). One to two metres of platy (and locally
trough crossbedded), medium-grained arenite commonly
overlies the conglomerate; and the remainder of the recessive
interval is carbonaceous mudstone and siltstone; dark crum-
bly fine-grained sandstone; dark or green crumbly, medium-
grained sandstone; and minor, resistant, light-weathering,
medium-grained sandstone (Fig. 132). Fining-upward cycles,
0.5–2 m thick within the dark, recessive interval are com-
posed of poorly to moderately well bedded and crossbedded,
fine- to medium-grained sandstone about 1 m thick which
fine upward to dark-grey-weathering, fine-grained sand-
stone, and is capped by 1–20 cm of black carbonaceous
siltstone or mudstone (Fig. 132). Locally the recessive inter-
vals also include sheets up to 20 m thick of crossbedded,
medium- to coarse-grained sandstone and pebbly sandstone,
as well as medium-grained sandstone lenses. Fossil plants
occur in all lithofacies. In the same region about 300 m of the
lower part of the formation have similar lithofacies, but con-
glomerate sheets are 8–30 m thick and occupy about 60% of
the succession.

The lower 180 m of the Devils Claw Formation in the
southeast part of the belt was examined west of Otsi Creek,
where it is more than 1000 m thick. The base is mapped as the
bottom of a conglomerate sheet 80 m thick which is more than
90% chert-pebble conglomerate. The conglomerate overlies
at least 300 m of dark-weathering, fine-grained sandstone and
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Figure 129. View south to gently dipping Devils Claw
Formation 6 km southeast of Mount Gunanoot, showing the
high proportion of conglomerate (cliff-forming units) in this
region. The succession is about 500 m thick. Photograph by
C.F. Roots. GSC 2003-382

Clast-supported, thick-bedded and
crossbedded conglomerate.

Conglomerate.
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Conglomerate.

More than 100 m of dark-weathering
siltstone and fine-grained sandstone, with
medium-grained sandstone units 1–10 m
thick; fining-upward cycles common.

Dark-weathering fine-grained clastic
rocks.

Dark-weathering, fine-grained succession
similar to below.

Dark-weathering, fine-grained clastic
rocks.

10 m

Clast-supported conglomerate with 2 m of
poorly bedded, medium-grained sandstone
at the base.

Figure 128. Base of Devils Claw Formation 4.5 km north-
northwest of Mount Gunanoot, showing the change from
dominantly fine-grained clastic rocks to a unit which is 50%
conglomerate. Although there is conglomerate up to 10 m
thick below the contact, the contact is placed at the major
change in character of the succession.
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Clast-supported, chert-pebble conglomerate; most
clasts 0.5–2 cm with maximum to 16 cm across.

Dark-weathering cycles medium-
grained sandstone to carbonaceous siltstone and
mudstone; crumbly, poorly bedded and crossbedded,
fine- to medium-grained sandstone at base.

fining upward from

Clast-supported, chert-pebble conglomerate with
clasts 1–3 cm (maximum 5 cm) across; includes
lenses of planar, tabular, crossbedded, medium-
grained sandstone.

Thin-bedded, fine- to medium-grained sandstone.
1 m arenite.

Clast-supported, chert-pebble conglomerate; farther
southwest this resistant interval is represented by 20 m
of crossbedded, medium- to coarse-grained sandstone
underlain by 10 m of conglomerate with lenses of
crossbedded sandstone.

10 m

Green, moderately well bedded arenite and dark,
crumbly, fine-grained sandstone and siltstone;
some sandstone grades laterally to thin
conglomerate lenses.

30 cm of carbonaceous siltstone.
Crossbedded, medium-grained sandstone.

Green, crumbly, medium-grained sandstone.

Poorly indurated, clast-supported conglomerate,
pebbly sandstone at top.

Thinly interbedded, fine-grained sandstone and siltstone.
Fine- to medium-grained sandstone, platy or poor
to moderate bedded.

Clast-supported, chert-pebble conglomerate; most
clasts 0.5–3 cm across.

Clast-supported, chert-pebble conglomerate; most
clasts 0.5–3 cm across; maximum is 6 cm across.

Moderately to poorly bedded, crumbly, fine- to
medium-grained sandstone wacke and
carbonaceous siltstone.

Moderately to poorly bedded, crumbly, fine- to
medium- grained sandstone wacke and
carbonaceous siltstone.

Trough crossbedded, medium-grained chert arenite.

Medium-grained sandstone.

0.5 m chert-pebble conglomerate.

Break across normal fault at this horizon
conglomerate A in each column is inferred to be
at the same stratigraphic level based on structural
reconstruction.

Chert-pebble conglomerate with about 10%
sandstone lenses; most clasts are 0.5–4 cm
across, but up to a maximum of 8 cm across near
the base and 12 cm across near the top; abundant
plant fragments.

Mainly poorly bedded, dark and green, fine-
grained rock, with 4 m thick lens (channel) of
planar crossbedded, medium-grained arenite.

A A

Figure 130. Upper 200 m of Devils Claw Formation repeated by folds 14 km southeast of Mount Gunanoot,
illustrating the proportion of conglomerate, variation in clast size, fining-upward cycles, and general
nature of the succession. Conglomerate units marked ‘A’ are the same sheet repeated by folds and offset by a
fault. The lower two conglomerate sheets and intervening strata are shown in Figure 132.

Figure 131.

View northeast to upper part of Devils Claw Formation dis-
cussed in text, about 14 km southeast of Mount Gunanoot, and
12.5 km due west of the confluence of Otsi Creek and Skeena
River. Resistant units are conglomerate and recessive intervals
are sandstone, siltstone, and mudstone. Width of view at ridge is
about 1 km; foreground slope is a dip-slope of conglomerate.
The lowest conglomerate on the skyline ridge at left is at the
same stratigraphic level as the top conglomerate in Figure 132,
which shows details of the nature of cycles in this section. Pho-
tograph by C.A. Evenchick. GSC 2003-383



siltstone of the Groundhog-Gunanoot deltaic assemblage,
which includes one 10 m thick unit of conglomerate about 30
m below the contact (Fig. 134). The base of the cliff-forming
sheet is 1–2 m of platy medium-grained sandstone, which is
overlain by densely clast-supported chert-pebble conglomer-
ate. Clasts are commonly 1–3 cm across, but vary to 8 cm in
some beds. The lowest conglomerate sheet includes rare beds
of medium-grained sandstone up to 50 cm thick, which are par-
allel bedded or crossbedded and include large plant frag-
ments. The conglomerate is overlain by about 20 m of dark,
carbonaceous, fine-grained clastic rocks which contain 3 m
of medium-grained sandstone. Carbonaceous siltstone caps
the fining-upward cycle, and is overlain by clast-supported

conglomerate (10 m) at the base of the next cycle. This con-
glomerate grades rapidly upward into about 8 m of thin- and
medium-bedded, platy, green, medium-grained sandstone
which thins and fines upward to about 20 m of dark,
fine-grained clastic rocks that include coal and a lens (chan-
nel) of medium-grained sandstone (Fig. 134, 135). The
fine-grained clastic rocks are overlain by 20 m of
medium-grained sandstone and pebbly sandstone, and con-
glomerate before the next thick (25 m) unit of chert-pebble
conglomerate. The overlying 800 m or more of Devils Claw
Formation is more than 40% chert-pebble conglomerate.
Thick conglomerate units are characteristic of the lower part
of the Devils Claw Formation near Otsi Creek (Fig. 136).

Age and correlation of the Devils Claw Formation. The
Devils Claw Formation corresponds to part of the “Groundhog-
Gunanoot facies” of Eisbacher (1974a), and underlies the
same area as the channel facies of the “Gunanoot Assem-
blage” of Richards and Gilchrist (1979). The Devils Claw
Formation was described by Cookenboo and Bustin (1989) as
“...the succession of massive conglomerate and minor sandstone,
siltstone, and shale that overlies the McEvoy Formation....”
The lower contact was defined by them as the first occurrence
of thick sequences of conglomerate. Because ‘thick’ is a rela-
tive term, in this report the base of the formation is picked at
the first conglomerate commonly more than 20 m thick,
which is also part of a succession at least 100 m thick with
more than 30% conglomerate. This application is different
than that used by Moffat (1985), who included at the base of
the formation successions with considerably less conglomer-
ate. The choice here is more practical to apply in regional
mapping and corresponds to the most pronounced change in
facies. This position of the contact is commonly higher
stratigraphically than that used by Moffat (1985). It is diffi-
cult to determine how much higher it is than that of
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Conglomerate

Carbonaceous mudstone,
siltstone, and fine-grained

sandstone

Sandstone cycles
fining upward to

carbonaceous
mudstone

Medium- and
fine-grained

sandstone

Conglomerate

Figure 132. Fining-upward cycle in the Devils Claw Formation
14 km southeast of Mount Gunanoot. The steepest cliffs in
foreground and at the peak are conglomerate. The one in the
foreground is overlain by medium- and fine-grained sand-
stone up to the level just below the ridge. In the upper part
these are arranged in cycles fining upward to carbonaceous
mudstone. Carbonaceous, fine-grained sandstone, siltstone,
and mudstone forms the recessive interval at the ridge, and
are overlain by resistant-weathering conglomerate which
forms the high point, and is the base of the next cycle. The top
conglomerate is the same sheet as the lowest in Figure 131.
View to northwest, 14 km southeast of Mount Gunanoot.
Scale indicated by person at upper left. Photograph by
C.A. Evenchick. GSC 2003-384

sst

Figure 133. View northwest to lens of crossbedded sandstone
(sst) in crossbedded conglomerate; 14 km southwest of
Mount Gunanoot. Height of outcrop is 1.5 m Photograph by
C.A. Evenchick. GSC 2003-385
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Lens of sandstone

Carbonaceous siltstone and
fine-grained sandstone

Medium-grained
sandstone

Conglomerate

Figure 135. Fining- and thinning-upward succession in
Devils Claw Formation northwest of Otsi Creek, illustrating
the outcrop character of the upper part of the section illus-
trated in Figure 134. Conglomerate is light coloured on cliffs,
and in the lower left, and is overlain by a fining-upward suc-
cession of platy and crossbedded, medium-grained sand-
stone, which in turn is overlain by dark-weathering carbona-
ceous siltstone and fine-grained sandstone. Note the lens
(channel) of medium-grained sandstone at top of outcrop on
skyline. View northwest, 6.5 km west-southwest of the conflu-
ence of Otsi Creek and Skeena River. Scale indicated by per-
son at left (circled). Photograph by C.A. Evenchick.
GSC 2003-386

10 m

Devils Claw Formation
Groundhog-Gunanoot asssemblage

Clast-supported, chert-pebble
conglomerate; at top thinly bedded
with medium-grained sandstone.

Thin and medium-bedded, green,
medium-grained sandstone, thinning
upward.

Dark-weathering, fine-grained, poorly
bedded carbonaceous clastic rocks;
with lens of medium-grained
sandstone, and coal.

Medium-grained, platy sandstone with
large crossbeds.

Matrix-supported conglomerate.

Clast-supported, chert-pebble
conglomerate.

Carbonaceous talus.
1–2 m medium-grained sandstone.

Crossbedded, pebbly sandstone and
conglomerate.

Dark, recessive-weathering, fine- to
medium-grained clastic rocks.

Clast-supported, chert-pebble
conglomerate.

Clast-supported, chert-pebble
conglomerate with rare, crossbedded,
medium-grained sandstone lenses;
conglomerate units thin laterally to
accommodate more (dark) fine-
grained clastic rocks.

Talus of dark, carbonaceous, fine-
grained clastic rocks.

Thin, well bedded, fine- and medium-
grained sandstone.

Dark carbonaceous siltstone and fine-
grained sandstone.
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Figure 134. Lower 180 m of Devils Claw Formation west of
Otsi Creek, and contact with underlying fluvial rocks of the
Groundhog-Gunanoot assemblage, illustrating the high pro-
portion of conglomerate and the nature of cycles in this
region. Located 6.5 km west-southwest of the confluence of
Otsi Creek and Skeena River. The section shown in Figure 135
is indicated at left.



Cookenboo and Bustin (1989), because their map is not at an
appropriate scale for comparison. The Devils Claw Forma-
tion overlies fluvial and/or lacustrine strata of the
Groundhog-Gunanoot deltaic assemblage, and its upper sur-
face is the modern erosion surface.

The Devils Claw Formation is argued to be late Barremian
or Aptian, to latest Albian or Cenomanian (Moffat et al.,
1988; Cookenboo et al., 1991), or pre-Albian (but post-
Neocomian, MacLeod and Hills (1990, 1991a, b); see
Table 6). Its age is poorly constrained. Different interpreta-
tions are a result of the generally poor preservation of palyno-
morphs in the Bowser Basin (A.R. Sweet, pers. comm.,
1998), on which Cookenboo et al. (1991) relied, and the long
range of plant macrofossils, on which MacLeod and Hills
(1990, 1991b) relied. The ages of seven samples collected for
palynology during this study are either long ranging or, in
most cases, indeterminate (Fig. 52; Appendix 1). One sample
from low in the formation and one from high in the formation
were both determined to be Jurassic to Early Cretaceous, one
relatively high in the section was determined to be Early
Cretaceous, and another Cretaceous or younger. One of less
confident determination was suggested to be probably Late
Jurassic. The base of the Devils Claw Formation is inferred to
rise stratigraphically to the southeast (Bustin and Moffat,
1983), and therefore its age where determined, at its southern-
most exposure on Devils Claw Mountain, is probably
younger than farther northwest.

Interpretation of the Devils Claw Formation. The absence
of marine fossils and abundance of plant fossils, including
delicate ferns, are indicative of nonmarine deposition. The
abundance of conglomerate, its sheet-like geometry, and the
evidence of channelling are inferred to be the product of
migration of gravelly channels across a high-gradient
floodplain, probably braided channels. Fining-upward cycles
are further evidence of fluvial origin. The Devils Claw
Formation has been interpreted as deposits of alluvial fans
and braided streams by Eisbacher (1974a), Bustin and Moffat
(1983), MacLeod and Hills (1990), and Evenchick et al.
(1992), whereas Cookenboo (1993) considered it to be of
broad, fluvial braid plain origin. The dramatic increase in
conglomerate above the low-energy, fluvial, upper delta plain
part of the Groundhog-Gunanoot assemblage heralds the
change to high-energy fluvial and/or alluvial conditions of
the Devils Claw system late in the history of the Bowser
Basin. This probably followed the beginning of deformation
in the Skeena Fold Belt in the Early Cretaceous, and is infer-
red to be a result of increased topography resulting from
crustal thickening in the fold belt (e.g. Evenchick, 2001). The
unit may represent a piggy-back basin within the Skeena Fold
Belt, in which sediments were derived from cannibalized
Bowser Lake Group (Evenchick, 2000, 2001). This interpre-
tation is supported by the presence of rare chert arenite clasts
in conglomerate, reported herein. Its base is younger in the
southeast, and conglomerate is more common upward
(Bustin and Moffat, 1983). The present authors interpret the
increase in conglomerate upward as reflecting increased local
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Groundhog-Gunanoot
assemblageDevils Claw Formation

Figure 131

Figure 132

Figure 136. View northwest along the Biernes Synclinorium showing outcrop character of the Devils
Claw Formation in its southernmost extent in Spatsizi River area. Almost all of the strata shown are Devils
Claw Formation repeated by folds. All resistant, cliff-forming units are conglomerate. Note the high pro-
portion of conglomerate at the base of the unit at right. Arrows point in the direction of view of Figures 131
and 132. Width of view at foreground ridges is about 4 km. Photograph by C.A. Evenchick. GSC 2003-387



topography in the evolving fold belt. If the Devils Claw
Formation formed in a piggy-back basin in the fold belt,
flanking ridges would have been parallel with the north-
west-trending structural grain. Sparse paleocurrent data indi-
cating southeast paleoflow (this report) or southwest and
southeast paleoflow (MacLeod, 1991), and the rise in posi-
tion of the base to the southeast are consistent with a model in
which the Devils Claw drainage was flanked by northwest-
trending topographic highs, and drained to the southeast
along the basin axis (Fig. 137).

Provenance of Bowser Lake Group

Early Cretaceous and older strata surrounding the Bowser
Basin are potential source regions of sediment deposited in
the Bowser Basin. These include Middle Jurassic and older
strata of Stikinia and the Cache Creek Terrane, metamorphic
rocks of the Omineca Belt, miogeoclinal rocks of the Foreland
Belt, and plutonic and metamorphic rocks of the Coast Belt
(Fig. 6, 7). Stikinia hosts upper greenschist-facies and lower
grade volcanic, clastic, and intrusive rocks described in detail

in earlier sections of this report. The northern Cache Creek
Terrane is characterized by an oceanic assemblage of ultramafic
rock, mafic volcanic rock, and plutonic rock, limestone, argillite,
and radiolarian chert, all Mississippian to Permian, and Late
Triassic greywacke and chert (Monger, 1977; Gabrielse, 1991,
1998). The oceanic rocks are overlain by Upper Triassic
calc-alkaline volcanic arc rocks and limestone, and Lower
Jurassic fine- to coarse-grained clastic rocks of the Whitehorse
Trough (Thorstad and Gabrielse, 1986; Gabrielse, 1991). Cache
Creek and neighbouring terranes were dissected by dextral
transcurrent faults in the Cretaceous and Tertiary, with the result
that a once continuous belt of Cache Creek Terrane is now split
into several segments, and Cache Creek Terrane is absent from a
large region east of the Bowser Basin (Gabrielse, 1985). For
much of the depositional history of the Bowser Basin, however,
the Cache Creek Terrane could well have been a continuous belt
east of the basin. The Omineca Belt contains greenschist- to
upper-amphibolite-facies metasedimentary rocks and granitic
intrusions, whereas the Foreland Belt is composed mainly of
subgreenschist-facies clastic and carbonate rocks of the
Cordilleran miogeocline. The Coast Belt is dominantly plutonic,
with lesser metasedimentary and metavolcanic pendants. A
large volume of plutonic rock west of the basin is Tertiary, and
therefore not a potential source of Bowser Basin sediment.

The source of clasts in the Bowser Lake Group has been
determined from regional (e.g. Eisbacher, 1974a; 1981, and
references therein) and local (Green, 1992; Cookenboo,
1993) studies of clast types and paleocurrent data. None of
these analyses has been systematic throughout the basin or
Spatsizi River map area.

Clast types and source. The abundance of chert clasts and
near-absence of metamorphic detritus distinguishes Bowser
Basin strata from older and younger clastic successions. The
significance of abundant chert clasts, and the likelihood that
Cache Creek Terrane, exposed 100 km to the northeast, is
their source, was first noted by Souther and Armstrong
(1966); later studies (e.g. Eisbacher, 1981; Currie, 1984;
Gabrielse, 1991; Green, 1992; Cookenboo, 1993) concurred
and provided additional supporting data.

The largest boulders of chert and limestone occur in the
outlier of (?)Bajocian Bowser Basin strata in the footwall of
the King Salmon Fault (Gabrielse, 1998). Radiolarians recov-
ered from chert clasts in this outlier (F. Cordey in Evenchick
et al. (2001b); Appendix 1) and several localities in northern
Spatsizi River area (E.S. Carter in Currie (1984) and revised
for Evenchick et al. (2001b); Appendix 1) are the same age as
chert in Cache Creek Terrane, providing further support of the
Cache Creek Terrane as source for chert clasts in the Bowser
Basin detritus. The great volume of chert clasts in the basin is
inferred from the consistent note of chert arenite, chert sand-
stone, and chert-pebble conglomerate across most of the
northern two-thirds of the basin (e.g. Eisbacher, 1974a;
Evenchick 1987, 1988, 1992; Evenchick et al., 1992;
Evenchick and Porter, 1993). A significant volcanic clast
component, inferred to have a source in volcanic-arc terranes
north and east of the Bowser Basin, was noted by Eisbacher
(1981), Green (1992), and Cookenboo (1993).
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Bowser Lake Group

Paleoflow direction

Hazelton Group and lower strata

?
?

?

~150 km
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TCF / SUSTUT BASIN

DCF

Undivided Bowser Lake Group, previously
deposited and now exposed

Devils Claw Formation, DCF

Jenkins Creek assemblage

Tango Creek Formation, TCF

Figure 137. Model of depositional environment of the Devils
Claw Formation, with alluvial fans and braided river system
draining northwest-trending structural culminations in the
Skeena Fold Belt. The culminations provide topography, and
therefore increased energy level and source for coarse con-
glomeratic deposits of the Devils Claw Formation. Topo-
graphic highs also separate the Devils Claw depositional
system from the Tango Creek, the lower part of which may
overlap in age with the Devils Claw Formation.



Point counts of conglomerate on Todagin Mountain
(Fig. 138; Green (1992)) illustrate the high proportion of
chert in the succession. Felsic volcanic rock is the next domi-
nant rock type. Less common clast types in the conglomerate
are rare granitoid rocks, siltstone, and polycrystalline quartz,
monocrystalline quartz, and detrital glauconite. Petrographic
examination of all assemblages in the Tsatia Mountain region
suggest that there is little change in clast composition with
stratigraphic position, except that the Todagin assemblage
contains up to 30% chlorite-rich rock fragments (Green,
1992). The latter were inferred to reflect unroofing of a volca-
nic source which could have been Kutcho Formation within
Cache Creek Terrane, or Hazelton Group of Stikinia (Green,
1992). Stuhini Group and Paleozoic strata are additional
potential sources of chlorite-rich fragments. A cobble of
dacite near Tsatia Mountain yielded U-Pb (zircon) date of
160.7 ± 0.7 Ma (Ricketts and Parrish, 1992). The most likely
source for the cobble is one of several granitoid intrusions of
similar age which occur in the footwall and hanging wall of
the King Salmon Fault (Ricketts and Parrish, 1992). Its occur-
rence in early Callovian strata is inferred to indicate rapid
unroofing of the source area (Ricketts and Parrish, 1992),
although revision of the base of the Callovian from 161 Ma
(Harland et al., 1990) to 159 Ma (Pálfy et al., 2000), reduces
the required rate of unroofing.

In a study of sandstone provenance in the Groundhog
Coalfield, Cookenboo (1993) identified three petrofacies.
The stratigraphically lowest petrofacies is dominated by

volcanic and chert clasts, with minor monocrystalline quartz
and feldspar. The highest strata examined, the upper McEvoy
Formation and Devils Claw Formation, have chert as a major
component (>40%), with lesser volcanic rock fragments,
feldspar, monocrystalline quartz, and metamorphic lithic
fragments. The third petrofacies is intermediate in composi-
tion and stratigraphic position. Ocean-floor and island-arc
terranes are considered sources for all three petrofacies
(Cookenboo, 1993), confirming earlier interpretations. An
additional conclusion is that the middle and upper petrofacies
include recycled clasts from the lowest petrofacies
(Cookenboo, 1993). Cookenboo (1993) also noted common
detrital chromite, and suggested that the grains were derived
from Alpine-type ultramafic rocks east of the Bowser Basin,
again consistent with the Cache Creek Terrane as source.
Regional tectonic interpretations based on the significance of
metamorphic clasts in the Devils Claw Formation
(Cookenboo, 1993) are equivocal because the authors recog-
nized only the Omineca Belt as a source for the relatively
minor (<10%) metamorphic clasts. Metamorphosed rocks of
Stikinia are an equally plausible source, and are from a region
inferred, on independent grounds, to be part of the source
terrane.

Chert arenite clasts and detrital mica grains are minor in
abundance, but crucial to interpretations. Two clasts of chert
arenite in the Devils Claw Formation were observed. These
are an important indication of erosion of local Bowser Lake
Group at the time of Devils Claw Formation deposition, also
suggested from petrofacies studies by Cookenboo (1993).
The presence of these clasts, as well as interpretation of
depositional environment, and the regional stratigraphic and
structural framework, are the basis for interpretation of the
Devils Claw depositional system as a piggy-back basin
within the Skeena Fold Belt (as discussed earlier; Fig. 137).

Rare detrital mica grains have been noted high in the
Bowser Lake Group in the Groundhog Coalfield (Cookenboo,
1993), and in the Nass River area of the southern Bowser
Basin (Evenchick and Mustard, 1996). Both examples are
from relatively young strata, Early to mid-Cretaceous age for
the Groundhog Coalfield, and near the Jura-Cretaceous
boundary for the Nass River examples. There is no record of
metamorphic detritus in older parts of the Bowser Basin.
Although the metamorphic Omineca Belt contributed minor
proportions of sediment eastward to the Alberta Foreland
Basin in the Late Jurassic (e.g. Price, 1994), the first substan-
tial deposition of detrital white mica west of the Omineca Belt
was in the Skeena Group, south of the Bowser Basin, in the
Hauterivian (Tipper and Richards, 1976). In Spatsizi River
map area, the Sustut Group records the first major influx of
mica from the east, starting between mid-Albian and
Santonian time. It is plausible that the minor muscovite in
Nass River area, near the southwest limit of Bowser Basin
strata, was derived from the Skeena Arch (Fig. 7).

Paleocurrents. Paleocurrent data from the present study are
summarized in Figures 139, 140, and 141. Measurements of
clast imbrication, ripple marks, crossbedding, and tool marks
illustrate the general southerly to southwesterly trends.
Although sparse, they provide the most widespread data for
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Figure 138. Clast compositions in the Todagin assemblage
southwest of Todagin Mountain (Green, 1992). See Green
(1992) for discussion of measurement method.
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Figure 139. Summary map of paleocurrent data for Bowser Lake Group in Spatsizi River map area, with Devils Claw
Formation and bounding units extended south into Bowser Lake map area. All paleocurrents were corrected for bed tilt.
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the map area and are part of a more regional data set encom-
passing the northern two-thirds of the Bowser Basin
(Evenchick et al., 1992). The trends concur with other pub-
lished data (Eisbacher, 1974a, 1976; Cookenboo, 1989,
Ricketts and Evenchick, 1991; Green, 1992). Most paleo-
current indicators are bi-directional, but clast imbrication,
crossbedding, and some ripple marks are unidirectional and
indicate southerly to southwesterly paleoflow. Deviations
from this pattern are tool marks in turbidite deposits which
may be a result of flow parallel with the base of slope in the
Ritchie-Alger assemblage; pebble imbrication in base-of-
slope deposits of the Todagin assemblage southwest of
Nation Peak may have the same origin (Fig. 139). Measure-
ments of orientations of logs are highly variable.

In a detailed study of clast imbrication in the Tsatia Mountain
region, clasts display a/b plane imbrication, with a-axes par-
allel to flow and upcurrent (Green, 1992). The data illustrate
that paleoflow was to the southwest for the Todagin assem-
blage, but may have changed to south-southeast there during
deposition of the Eaglenest deltaic assemblage (Fig. 139,
141). Consistent southwesterly paleoflow in Late Jurassic
strata of other units regionally (Evenchick et al., 1992) dem-
onstrate that if there was a change at Tsatia Mountain, it does not
reflect a basinwide change in paleoslope. These interpreta-
tions differ from Eisbacher’s (1976, 1981) view that south-
erly paleoflow existed along the western side of the basin, and
that the basin had a southerly depositional axis. The southeast
paleocurrents measured by Eisbacher (1976) in the Tsatia
region are from the Eaglenest assemblage and are similar to
those reported by Green (1992) for the same strata; they prob-
ably reflect local features along the northwest (present) mar-
gin of the basin in the Oxfordian, rather than a long-lived or
regional, southerly trending axis for the basin. Cookenboo’s
(1989) paleocurrent data generally agree with a pattern of
southwesterly paleoflow. Data grouped from the McEvoy
Formation and lower strata resulted in a large scatter of data
which is bi-polar. The west-southwest trends were consid-
ered to indicate paleoflow direction, whereas the easterly
ones were thought to be a result of marine, possibly tidal,
influence (Cookenboo, 1989). Results for the Devils Claw
Formation indicate southwesterly paleoflow (Cookenboo,
1989), although sparse data (Evenchick et al. (1992);
Fig. 139) suggest southeasterly paleoflow. The latter is con-
sistent with the interpretation that the Devils Claw Formation
drainage was bounded by northwest-trending, structurally
controlled, topographic highs (e.g. Evenchick, 2000).

Summary of depositional history of the northern
Bowser Basin

The preceding descriptions of the Bowser Lake Group in
Spatsizi River map area combined with the several theses
completed in the area provide a sound regional data set for the
northern Bowser Basin. Integration of ages of fossil collec-
tions with the mapped lithofacies assemblages and their infer-
red environments of deposition are the foundation for the first
interpretation of the depositional history of the northern
two-thirds of the Bowser Basin that is based on systematic
mapping and integration of paleontological data (Evenchick
et al., 2001b).

Stratigraphic overlap of more proximal (to source) facies
over relatively distal ones, as well as southward or southwest-
ward younging of assemblages are documented in the preced-
ing pages for several regions and several assemblages. The
trend recorded is an overall regressive, southwestward
regional migration of facies belts, with ones more proximal to
source commonly located on the northeast. This history con-
tinued at least into earliest Cretaceous time; the stratigraphic
record of the Early to mid-Cretaceous is restricted to the
Groundhog Coalfield. The depositional model is summarized
and illustrated in the ‘Jurassic and Cretaceous regional tec-
tonic synthesis’ section of this bulletin, and is supported by
the relationships in this section. In the broadest sense, the
interpretation of evolution of the basin is similar to the gen-
eral regressive model recognized by Eisbacher (1974a, 1981)
from reconnaissance mapping of parts of the northern basin.
In detail, however, the integration of systematic widespread
mapping with a large regional fossil data set, provide a
more specific and constrained interpretation. For example,
the southwest progradation, formerly inferred solely on the
distribution of facies belts, can now be solidly demonstrated
using the fossil record. From this, periods of rapid
progradation and areas of sustained or restricted deposition
can now be recognized. One result is that the basin history can
now be more effectively related to local and regional tectonic
events. The regressive history applies to Bajocian through
Lower Cretaceous strata. This was followed by the most dra-
matic change in facies in the basin, from low-energy, upper
delta-plain conditions which formed the Groundhog-
Gunanoot assemblage to the dominantly conglomeratic, high-
energy conditions forming Devils Claw Formation. This
change is inferred to represent a significant transition in tec-
tonic regime, from a relatively low gradient and sediment
supply, presumably distant from active tectonics, to a piggy-
back basin in the evolving Skeena Fold Belt.

Cretaceous

Sustut Group

The Sustut Group is a Late Cretaceous clastic succession
more than 2000 m thick. The unit was defined by Lord (1948)
for “a thick assemblage of conspicuously bedded and banded
continental strata of relatively simple structure” in
McConnell Creek map area. The extent of the depositional
basin of the group was mapped by Eisbacher (1974b) at
1:250 000 scale, with a focus on basin analysis. In the course
of this work Eisbacher (1971) divided the group into two for-
mations, the Tango Creek and Brothers Peak, and each for-
mation into two members. The group overlaps the front of
deformation of the Skeena Fold Belt (Evenchick, 1991a), so
that in the northeastern part, east of the front of deformation,
bedding is subhorizontal. The southwestern part hosts a trian-
gle zone at the front of the Skeena Fold Belt, so that comp-
lexly deformed Tango Creek Formation is overlain by a
northeast-dipping monocline which is best displayed by the
southwesternmost Brothers Peak Formation. All structural
elements are present in Spatsizi River map area (Fig. 142).
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Unit descriptions, sedimentological data, and interpreta-
tions presented by Eisbacher (1974b, 1981) are summarized
briefly below. New constraints on the ages of units (this
report; Evenchick et al., 2001b), combined with newly recog-
nized stratigraphic and structural relationships, have signifi-
cant implications for the tectonic development of the study
area and regional stratigraphic correlations.

Tango Creek Formation. Type section of the Tango Creek
Formation (Eisbacher, 1971) is in Toodoggone River map
area, to the east of the study area. The formation is dominated

by sandstone, siltstone, and mudstone, and is up to 1400 m
thick. In Spatsizi River map area it is at least 700 m thick on
the southwest side of the basin (Fig. 142; cross-sections I-L,
C-E, see Fig. 171, 172), but accurate estimates of thickness
are precluded by structural complexity. Detrital white mica is
common in sandstone and mudstone. Its presence or absence
is a primary mapping tool for distinguishing sandstone and
siltstone of the Bowser Lake Group from Sustut Group.
Along the western side of the Sustut Basin, basal Tango
Creek Formation commonly overlies Bowser Lake Group. In
contrast, on the east side, it commonly overlies Hazelton
Group or lower strata. In Spatsizi River map area underlying
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rocks include Triassic or Jurassic volcanic rocks, Early
Jurassic Cold Fish Volcanics, early Middle Jurassic Spatsizi
Formation, and Middle and Late Jurassic Bowser Lake
Group. Brothers Peak Formation conformably and abruptly
overlies Tango Creek Formation in Spatsizi River map area,
although elsewhere the contact is locally an angular uncon-
formity (Eisbacher, 1974b).

Eisbacher (1974b) divided the formation into two infor-
mal members, based on abundant sandstone in the lower,
Niven member, and abundance of mudstone in the upper,
Tatlatui member. The two members were not separated in the
current study because the Tango Creek Formation was not
systematically mapped, although observations are consistent
with the members described. Rare, thin, quartz-pebble con-
glomerate markers (Fig. 143) are at the base of the formation

and locally higher in the lower part of the formation. In
Spatsizi River map area the basal conglomerate varies from
absent (in northwest) to a few metres thick, nowhere reaching
the maximum 100 m noted by Eisbacher (1971) for other
areas. Where conglomerate is absent, quartz grit commonly
marks the base of the formation. Coarse, maroon fanglom-
erate with clasts of quartzose sandstone, volcanic rock, and
chert (Fig. 144) is present locally along the basal northeast
contact of the formation. An angular unconformity within the
lowest Tango Creek Formation occurs a few kilometres east
of Sunday Pass (Fig. 145).

Sandstone throughout the unit occurs as sheets and lenses
of quartz- and chert-rich feldspathic arenite. In any one area
sandstone sheets make up 20–60% of the succession
(Fig. 146). Sandstone is massive, parallel bedded, and cross-
bedded (Fig. 147). Mudstone is grey-, green-, and red-weath-
ering, with red and green mudstone most common in the
lower member and grey in the upper member. Sandstone,
siltstone, and mudstone are organized into repetitive fining-
upward cycles, 5–15 m thick in the lower member. The upper
member is mainly mudstone, calcareous siltstone, calcareous
sandstone, and rare lignite.

Chert is the dominant clast type in conglomerate of
Spatsizi River area, commonly comprising 50–60% of clasts,
with lesser amounts of granitoid rocks, andesite, basalt,
wacke, quartz, rhyolite, and dacite (Fig. 12 of Eisbacher
(1974b)). Lower Tango Creek Formation arenite is made of
40–60% quartz, 10–30% feldspar, 5–20% mafic volcanic
rock fragments, minor phyllosilicate minerals and chert,
whereas upper Tango Creek Formation sandstone is 15–35%
chert, and 10–30% volcanic rock fragments. Most clasts in
Spatsizi River area are 1–5 cm across, with a maximum of
32 cm; elsewhere in the basin, clasts are up to 64 cm across
(Eisbacher, 1974b). Eisbacher (1974b) suggested that the
likely sources of quartz clasts are Proterozoic and Lower
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Figure 143. Quartz-pebble conglomerate at the base of
the Tango Creek Formation 3 km east of Sunday Pass.
Photograph by C.A. Evenchick. GSC 2003-388

Figure 144. Maroon-weathering, poorly sorted conglomer-
ate (fanglomerate) locally found at the base of the Sustut
Group, 5 km northeast of Stikine–Spatsizi River junction.
Clasts include chert, volcanic rock, and sandstone. The larg-
est clast is quartz-rich sandstone, probably derived from
Lower Paleozoic miogeoclinal strata in the Omineca Belt.
Photograph by C.A. Evenchick. GSC 2003-389

Bowser Lake GroupTango Creek Formation

Figure 145. View southwest to angular unconformities
within Tango Creek Formation (upper dotted line), and
between the Sustut and Bowser Lake groups (lower dotted
line); 2 km southwest of Sunday Pass. Width of view of fore-
ground ridge is 500 m. Photograph by C.A. Evenchick.
GSC 2003-390



Cambrian sedimentary rocks of the Omineca Belt, and that
the sharp increase in chert content in the upper Tango Creek
Formation had sources in Cache Creek Terrane and chert-
pebble conglomerate of the Bowser Basin. Paleocurrents in
the lower Tango Creek Formation were to the south and
southwest, consistent with high quartz-clast content of a
northeastern, Omineca Belt, source (Fig. 148). In the Upper
Tango Creek Formation paleoflow was to the northeast. The
change in paleocurrent direction was accompanied by an
increase in chert content in sandstone, reflecting the different
(Bowser Lake Group) source area.

Age of the Tango Creek Formation. Previous reports of
age are Late Cretaceous to Paleocene, based on Cenomanian
to Turonian plant fossils in McConnell Creek map area, and a
determination of possible Paleocene palynomorphs near
Cold Fish Lake (Lord, 1948; Eisbacher, 1974b). Recent
palynological study by A.R. Sweet, however, shows that the
formation ranges from Barremian or early Albian to late
Campanian, and that the base is probably younger in the
southeast (Fig. 52; Appendix 1; Evenchick et al. (2001b)). In
Spatsizi River map area (Fig. 149) the base is Barremian to
early Albian near Cullivan Creek; middle Albian or older
north of Cold Fish Lake; late Albian to Cenomanian near
Sunday Pass, where the dated section includes an angular
unconformity within the lower Tango Creek Formation; mid-
dle Albian or younger south of Diamond Creek; and latest
Albian or Cenomanian north of Bowsprit Mountain. The
youngest known base of the Tango Creek Formation,
Coniacian to Campanian, is at the type locality in
Toodoggone River map area, 22 km east of Tuaton Lake. The
age of the top of the formation at all places known is late
Campanian (e.g. near Cullivan Creek, north of Cold Fish
Lake, northeast of Sunday Pass, and at the type locality).

Brothers Peak Formation. The upper unit of the Sustut Group
is characterized by polymict conglomerate, sandstone, and
siliceous tuff (Eisbacher, 1971). The type section of the
Brothers Peak Formation is in Toodoggone River map area
(Eisbacher, 1971) and is 960 m thick; in Spatsizi River area
the formation is up to 1400 m thick (e.g. section I-L). The base
of the formation is defined as the base of the first conglomer-
ate below the lowest horizon of tuff (Eisbacher, 1974b). The
conglomeratic succession at the base of the formation, com-
monly more than 50 m thick, is resistant to weathering, pro-
viding a strong contrast in weathering character from
underlying Tango Creek Formation that is recognizable the
length of the basin (e.g. Fig. 150). In only one section in
Spatsizi River area, near the head of Garden Creek, does the
base have a low proportion of conglomerate. The base of the
formation there is made of a few metres of conglomerate
overlain by a few metres of interbedded conglomerate and
crossbedded sandstone, which is then overlain by a thick suc-
cession of mudstone, siltstone, sandstone, and the lowest tuff
beds. The base of the formation is conformable with Tango
Creek Formation in Spatsizi River area, but elsewhere is
locally unconformable (Eisbacher, 1974b).

The formation is divided into two informal members
(Eisbacher, 1974b). The lower, Laslui member, is dominated
by coarse conglomerate and siliceous ash-fall tuff. The upper,
Spatsizi member, is dominated by pebbly sandstone, silic-
eous ash-fall tuff, and mudstone, with rare coal. Conglomer-
ate is thick bedded with large crossbeds, or massive, parallel
stratified, and poorly sorted (Fig. 151). Clast types include
chert, andesitic volcanic rocks, siliceous argillite, vein-
quartz, and granite (Eisbacher, 1971; Fig. 152). Clast sizes
range up to 32 cm in Spatsizi River area, and 64 cm regionally
(Eisbacher, 1974b). Sandstone occurs as sheets and as lenses
in conglomerate; it is massive, planar bedded, or crossbedded
(Fig. 153). Sandstone grains are feldspar, quartz, volcanic
rock fragments, and chert. Siliceous tuff occurs in sheets up to
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Figure 147. Crossbedded sandstone in Tango Creek Formation,
near Sunday Pass. Photograph by C.A. Evenchick.
GSC 2003-392

Figure 146. Lenses and sheets of sandstone (light weather-
ing) and siltstone, fine-grained sandstone, and mudstone
(dark weathering) in Tango Creek Formation on ridge west
of Ross River; view south-southeast. Width of view is about
700 m. Photograph by G. Feighan. GSC 2003-391
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20 m thick, made of individual units 2 m or more thick of lam-
inated to thin-bedded, aphanitic to very fine-grained tuff or
tuffaceous mudstone to fine-grained sandstone (Fig. 154).
They are massive, parallel laminated, and crosslaminated.
Individual sheets can be traced for several kilometres along
strike.

Chert is the dominant clast type of Brothers Peak con-
glomerate in Spatsizi River area, commonly comprising
50–60% of clasts, but reaching up to 90%; less common are
granitoid rock, andesite, basalt, wacke, quartz, rhyolite, and

dacite (Fig.12 of Eisbacher (1974b)). Modal analysis of sand-
stone is 10% quartz, 10% chert, 20–40% volcanic rock frag-
ments, and 15–25% feldspar (Eisbacher, 1974b). An increase
in proportion of feldspar clasts at the base of the Brothers
Peak Formation is inferred to be a result of onset of volcanism
(Eisbacher, 1971, 1974b). Paleocurrents are to the east at the
base of Brothers Peak Formation, shifted to south-southeast
and longitudinally southeast down the basin in the upper part
of the unit, and then longitudinally to the southeast in the
uppermost part (Fig. 148; Eisbacher (1974b)).
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Figure 149. Summary of significant palynological constraints on the age of the Sustut Group. Ages shown in
normal font are confident determinations; those shown in italics are the “probable” age. Information on these
collections, and additional collections, are in Appendix 1. All ages shown were determined by A.R. Sweet.



Age of the Brothers Peak Formation. Previous reports of
age are Paleocene based on plant fossils southeast of Spatsizi
River map area (Lord, 1948; Eisbacher, 1971). Potassium-
argon ages on tuff of 53 ± 6 Ma and 49 ± 5 Ma near the base of
the unit, and about 500 m above the base, respectively, were
considered to support the Eocene to Paleocene age
(Eisbacher, 1971). In contrast, recent palynological study of
the Brothers Peak Formation by A.R. Sweet (Fig. 149;
Appendix 1; Evenchick et al. (2001b)) in Spatsizi and
Toodoggone map areas show that it ranges from late
Campanian to late-early Maastrichtian (ca. 74–68 Ma).
Localities examined include those near Cullivan Creek (late
Campanian and early Maastrichtian), north of Cold Fish Lake
(late Campanian), and the type locality in Toodoggone River
map area (late-early Maastrichtian). The conflict between
K-Ar and palynological ages is probably a result of a Tertiary
thermal event which reset the K-Ar ages.
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Tango Creek Formation

Brothers Peak Formation

Figure 150. View northeast to conglomerate and tuff at the
base of the Brothers Peak Formation, overlying mainly
siltstone and mudstone of the upper Tango Creek Formation.
Resistant beds in the Brothers Peak Formation are conglom-
erate; lightest grey-weathering beds and talus are tuff. The
lowest tuff is the prominently lightest weathering grey area at
the base of the thick recessive interval, and above the lowest
continuous conglomerate sheet. The conglomerate below the
tuff is the base of the Brothers Peak Formation. The normal
fault at left strikes obliquely to the direction of view. Nine
kilometres north of Bowsprit Mountain. Width of view at fore-
ground ridge is 1.5 km. Photograph by C.A. Evenchick.
GSC 2003-393

Figure 152. Pebble conglomerate in Brothers Peak Forma-
tion 4 km northwest of Black Jack Mountain, with clasts of
chert (C, common), volcanic rock (V), and quartz (Q). Photo-
graph by C.A. Evenchick. GSC 2003-395

Figure 151. Poorly sorted massive conglomerate near
the base of the Brothers Peak Formation, 9 km north of
Bowsprit Mountain. Hammer (33.3 cm) along bedding plane
in lower one-third of image indicates scale. Photograph by
C.A. Evenchick. GSC 2003-394

Figure 153. View west to crossbedded sandstone within sand-
stone and conglomerate sheet at the base of the Brothers Peak
Formation, near Garden Creek. Beds dip to the right and are
upright. Hammer (33.3 cm) in upper centre of photograph for
scale. Photograph by C.A. Evenchick. GSC 2003-396



Environment of deposition of the Sustut Group. Strata in
the Sustut Group were interpreted by Eisbacher (1974b) to be
the products of fluviolacustrine deposition in high- to low-
gradient, alluvial-fluvial systems. Basal conglomerate was
inferred to represent gravelly bars which existed in a high-
gradient river system on a dissected pediment which now dips
10° southwest. The gravels quickly buried pre-existing local
relief. Following the first period of gravelly infilling of
pre-existing valleys, aggrading meandering stream deposi-
tion resulted in cyclic channel (sand) and overbank
(mudstone) deposits forming the relatively uniform succes-
sion in the lower Tango Creek Formation, and the common
fining-upward cycles 5–15 m thick (Eisbacher, 1974b). This
scenario was punctuated by rare, mature, quartz-pebble con-
glomerate horizons indicative of a braided river system
resulting from higher energy conditions (Eisbacher, 1974b),
presumably reflecting uplift in the source area. The minor
thickness of basal conglomerate in Spatsizi River area rela-
tive to other places, and paucity of conglomerate higher in the
Tango Creek section, are probably a reflection of greater dis-
tance from the eastern source. Angular unconformities near
the base of the formation in the southwesternmost exposures
(southwest of Sunday Pass) are an indication of active tecton-
ics on the southwest side of the basin.

The change in source region from northeast to southwest
during deposition of the upper member of the Tango Creek
Formation, as indicated by clast compositions and paleo-
currents (Fig. 148), is inferred to have resulted in a very
low-gradient alluvial plain (Eisbacher, 1974b). The low-
gradient plain was occupied mainly by overbank areas resulting

in mudstone and siltstone, freshwater lakes resulting in cal-
careous mudstone, and rare swamps resulting in lignite
(Eisbacher, 1974b). The lithological differences between the
upper and lower members of the Tango Creek Formation are
inferred to be a result of the change in paleoslope and source,
and to reflect the impact of the growing Skeena Fold Belt on
local topography, with uplift in the southwest reversing the
paleoslope (Eisbacher, 1974b; Evenchick, 1991a). Analyses
of pollen in the upper Tango Creek Formation north of Cold
Fish Lake indicate at least a local marine influence
(A.R. Sweet, pers. comm., 2000).

The dramatic change from dominantly mudstone and
siltstone in the upper Tango Creek Formation to the conglomer-
ate- and tuff-rich base of the Brothers Peak Formation indicates
a marked change from a low-energy environment to an alluvial
basin with high-gradient tributary streams. Some conglomerate
units are interpreted as debris-flow deposits and others as fluvial
deposits depending on their internal structure (Eisbacher,
1974b). Preservation of tuffs within this high-energy system and
their relationship with conglomerate sheets is inferred to be a
result of alluvial fans (conglomerate) spreading rapidly into
lakes of the main valley which were continuously receiving the
ash-fall deposits in a low-energy environment (Eisbacher,
1974b). From this reasoning, Eisbacher (1974b) considered the
conglomerate sheets to be the result of episodic aggradation
rather than lateral migration of gravel bars of a braided river. The
alluvial fan conglomerate units were later reworked by fluvial
processes, resulting in planar and cross-stratified conglomerate
(Eisbacher, 1974b). These environments of deposition probably
continued into the time of deposition of upper Brothers Peak
Formation. A smaller proportion of tuff indicates waning volca-
nism which was accompanied by a change in paleocurrent direc-
tions to longitudinally southeast down the basin rather than
directly northeastward from the Skeena Fold Belt (Fig. 148).

Implications of new map relationships and age constraints of
the Sustut Group. The most significant advance in knowledge
of the Sustut Group since Eisbacher’s (1974b, 1981) synthe-
ses is in the of the age of the group, now known to be
Barremian or Albian to early Maastrichtian. Dates at specific
sites constrain the timing of deformation in the Skeena Fold
Belt. For example, the oldest strata, Barremian or early
Albian, overlie Cold Fish Volcanics near Cullivan Creek.
This relationship indicates that Bowser Lake Group was
uplifted and eroded from this area prior to Barremian or early
Albian time. Southwest of Sunday Pass, contractional struc-
tures in the Bowser Lake Group are stratigraphically overlain
by Tango Creek Formation, illustrating that at least some
contractional structures are pre-Albian. Angular unconformi-
ties within the lowest Tango Creek Formation a few kilo-
metres northeast of this region further indicate Albian or
Cenomanian tectonism. The age of major northeast-striking,
dip-slip Griffith Creek and Black Fox faults, which affect the
Tango Creek Formation, but not the Brothers Peak Formation,
are constrained by the age of the Tango Creek Formation to be
between Albian and latest Campanian. The youngest age of
the Brothers Peak Formation requires that contractional
deformation lasted at least until the end of the early
Maastrichtian.
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Figure 154. View northwest along sheet of tuff several metres
thick in the Brothers Peak Formation, on the south ridge of
Black Jack Mountain. Person in centre for scale. Photograph
by G.M. Green. GSC 2003-397



On a broad scale, the Sustut Group is considered to be, in
part, a foreland basin associated with development of the
Skeena Fold Belt during Cordillera-wide horizontal shorten-
ing (Evenchick, 1991a). Like many foreland basins, the part
most proximal to the source of sediment (i.e. the Skeena Fold
Belt), was eventually cannibalized by the fold belt as the
deformation front progressed northeastward, so that the front
of the fold belt is now within the Sustut Group. The major,
coarse clastic influx of the Brothers Peak Formation signals
renewed or intensified contractional deformation late in the
contractional history of the Cordillera. New constraints on its
age indicate that this coarse clastic influx was late
Campanian, and therefore contemporaneous with the Belly

River coarse clastic wedge, a succession in the Alberta
Foreland Basin considered to reflect renewed contractional
deformation in the Rocky Mountain Fold and Thrust Belt.

Radiometric dates of 53–49 Ma (K-Ar) led Eisbacher
(1974b) to suggest that tuffs in the Brothers Peak Formation
were distal equivalents of the Sloko Volcanics. Palynological
constraints on age of the formation (ca. 74–68 Ma) rule out
this correlation.

Cenozoic

Cenozoic stratified and related intrusive rocks include remnants
of a Pliocene shield volcano in northwest Spatsizi River map
area, and several isolated occurrences of (?)Pliocene and youn-
ger rocks in the south and east parts of the map area (Fig. 155).
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Pliocene

Maitland Volcanics

Tertiary lava flows, which are preserved as erosional rem-
nants, were first mapped in 1956 (Geological Survey of
Canada, 1957) and subsequently in greater detail (1:250 000)
by Souther (1972) and Gabrielse and Tipper (1984). The
complete distribution of flows and necks in Spatsizi River
area was established by 1990 (Evenchick and Green, 1990,
1995a, b; Fig. 156). This report documents the stratigraphy,

age, and composition of the volcanic rocks based on studies
by J.G. Souther in the late 1980s and early 1990s. The infor-
mal name ‘Maitland volcanics’ was assigned to the lavas and
associated volcanic necks by Evenchick and Green (1990)
and Souther (1990). The name ‘Maitland Volcanics’ is herein
formally proposed for the volcanic flows and associated
necks north, west, and southwest of Maitland Creek. Most of
the Maitland Volcanics are west of Klappan River, east of
Iskut River, and north of Burrage and Chismore creeks
(Fig. 156).
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Physiography and drainage. The Maitland Volcanics are
confined to an upland area of about 1000 km2 where the lavas
are preserved on broad, nearly concordant interfluves
between deeply incised tributaries of Iskut River on the west,
and Klappan River on the east (Fig. 156). Several of these
tributaries, such as Maitland and Burrage creeks, are nearly at
grade with the main rivers, their steep-sided valleys extend-
ing as much as 600 m below the base of the lavas.

All of the Maitland flows in Figure 156 rest on folded
Middle and Late Jurassic sedimentary rocks of the Bowser
Lake Group. These well bedded, relatively incompetent
clastic rocks have been deeply incised by postglacial erosion
and are characterized by V-shaped valleys bounded by uni-
form slopes close to or slightly above the angle of repose. The
relatively competent lava remnants are bounded in most
places by steep escarpments in which successive flows and
interflow deposits are well exposed. Similarly, erosion has
stripped the enclosing sediments from subvolcanic feeders,
leaving volcanic necks standing as isolated monoliths.

Stratigraphy

Flows. Measured sections of flat-lying Maitland lavas are
as much as 400 m thick and contain up to 20 separate flow units
(Fig. 157, 158). Aphyric to slightly feldspar-phyric basalt,
which forms all but a few of the uppermost flows, is the domi-
nant lithology. Individual basalt flows are commonly 2–20 m
thick and comprise a thin, basal flow breccia; a brown-
weathering, crudely columnar core; and an upper layer of
scoriaceous, reddish-brown flow-top breccia. The last consists
of irregular blocks and slabs of vesicular lava, locally mixed
with bombs and spatter ejected from nearby vents.

A few flows of greenish-grey trachybasalt and pale green
trachyte are preserved near the top of thick sections in the cen-
tral part of the shield. These are associated with layers of

monomict trachytic gravel which probably represent
epiclastic deposits eroded from small central domes or thick
trachyte flows on the central part of the shield.

Intraflow gravel. Discontinuous layers of fluvial gravel,
and unclassified fossil colluvium occur locally at the base of
the lava succession and less commonly as recessive interbeds
between flows. The gravel clasts, which are well rounded,
range in size from a few centimetres up to 50 cm across. Most
of them consist of greywacke, gritstone, and chert-pebble
conglomerate derived from the underlying Bowser Lake
Group and basalt pebbles and cobbles derived from the
Maitland flows themselves; however, well rounded granitic
cobbles up to 15 cm across form a small, but widespread per-
centage of the clasts. These rocks are rare within the Bowser
Basin, either as clasts or intrusions, and it is unlikely that they
could have been transported into the area across major bounding
drainages during or immediately prior to Maitland volcanic
activity. They may have come from ancient lag gravels on the
plateau that were reworked and redeposited by local streams
whose courses were rerouted by lava flows. The closest
plutonic sources are Early and early Middle Jurassic
intrusions north of Todagin and Ealue creeks. The presence of
one outlier of Maitland Volcanics 5 km northeast of Todagin
Mountain may indicate that the plateau was continuous with
regions north of Todagin Creek, allowing the intrusions there
to be potential sources for the granitic clasts.

Volcanic necks. Fourteen volcanic necks have been weath-
ered out of the enclosing sedimentary rocks that originally
underlay the central part of the Maitland shield. Bounded by
near-vertical walls they stand as isolated monoliths that tower
up to 150 m above the surrounding terrane (Fig. 159, 160).
They are circular to elliptical in cross-section and range from
100–250 m in diameter. Contacts with the country rock are
commonly vertical and remarkably sharp. Where the necks cut
Bowser Lake Group, the normally dark grey country rock is
granulated and bleached to a silvery grey for a distance of
20–30 cm adjacent to the contact. Outward from this is a highly
fractured breccia zone from 3–5 m thick in which the bedded
sediments are reduced to randomly oriented, 1–2 cm clasts. At
a distance of about 5 m from the contact a semblance of original
bedding remains, but it is displaced by closely spaced, nearly
vertical fractures in a zone of brittle deformation that may
extend up to 20 m from the contact.

Primary vent breccia of red, oxidized pyroclastic blocks
surrounds some of the necks that cut Maitland Volcanics
flows. These probably formed in a near-surface environment
where eruption was accompanied by vent-clearing explo-
sions. Dykes are notably rare, thus, at the present level of
exposure, the necks must represent the principal conduits
through which the Maitland lavas reached the surface.

Age. Four samples of Maitland volcanic flows from the
immediate vicinity of the Maitland shield range from 5.2–4.6 Ma
(KAr method, Table 8). Their geographic locations are shown
on Figure 156. Three samples from isolated, small flows to
the north are 4.6 Ma (Fig. 155; Read, 1984). Although the
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Figure 157. View west-southwest to flows of Maitland
Volcanics north of Maitland Creek, illustrating characteristic
cliff-forming nature of the flows. The flow in the foreground is
located about 2 km west-northwest of section D; its base is at
6400 feet elevation. The highest peak in the centre back-
ground is Maitland Volcanics from an elevation of 6500 feet,
to its top at 7600 feet. Photograph by C.A. Evenchick.
GSC 2003-398
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samples are from widely separated stratigraphic and geo-
graphic locations, the range of ages is only 0.6 Ma. This
supports field evidence, such as the paucity of interflow chan-
nelling and fluvial deposits, for rapid, relatively uninter-
rupted effusion of the Maitland lavas 4–5 million years ago.

Chemistry. Twenty samples of Maitland Volcanics rocks
comprising five from volcanic necks, 13 from lava flows, and
two from intraflow clasts were analyzed for major, and selec-
ted minor elements by Chemex Labs (Table 9). Stratigraphic
positions of the analyzed flow and clast samples are shown on
Figure 158 and locations of neck samples are on Figure 156.
On the total alkali versus silica diagram (Fig. 161) the analy-
ses plot as two distinct populations: one basaltic (46–52%
SiO2) and the other trachytic (61–67% SiO2).

The basaltic samples are all from lava flows in the lower
and middle portion of the stratigraphic sections (Fig. 158) and
appear to be representative of a broad, basal shield which
forms most of the existing remnants of the Maitland
Volcanics pile. Four of the trachytic samples are from volca-
nic necks, two are from thick flows in the uppermost part of
the highest remnant, and two are clasts from monomict volca-
nic conglomerate interlayered with flows in the upper part of
the section. A single analysis of intermediate composition
(54% SiO2) is also from a volcanic neck. The trachytic and
intermediate rocks appear to be vestiges of a complex edifice
of trachyte and possibly intermediate domes and flows which
formerly overlaid the central part of the basaltic shield. The
chemistry and petrography of the volcanic necks suggests
that most of them were feeders for this late, trachytic stage of
Maitland volcanic activity.

Topographic surface predating Maitland Volcanics. Tracing
the basal contact of Maitland flows illustrates that the lavas
were deposited on nearly flat to gently sloping interfluves
with local relief of about 40 m (e.g. NTS 104 H/5, 12; Fig.
156). The flows are clearly remnants of a broad Late Tertiary
surface of low relief and most of the present rugged topogra-
phy was developed after the Maitland volcanic edifice was
built. Stratigraphic evidence of pre-existing topographic
relief is confined to a few valley-filling flows in the central
and eastern part of the area (Fig. 162) and to an area on the
western margin where flat-lying, subaerial flows are under-
lain by west-dipping foreset beds of aquagene tuff and pillow
breccia. Channels of Maitland Volcanics cut into Bowser
Lake Group (e.g. Fig. 163) are relatively rare. As noted
above, the presence of granitic clasts in interflow gravels,
requiring a source outside of the Bowser Basin, and a flow
remnant north of Todagin Creek, may be evidence for the
gently sloping Pliocene surface continuing north of Todagin
Creek. If this is the case, Todagin Creek developed after erup-
tion of the Maitland flows.

Regional correlation. The Maitland Volcanics lie along the
eastern margin of the central Stikine Volcanic Belt, about 40 km
east of the Mount Edziza Volcanic Complex (Souther, 1992).
Both complexes have a similar bimodal composition
characterized by a basal shield of alkaline basalt overlain by a
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Base of flow

Neck

Neck

Neck

Figure 159. Aerial view looking southeast across the head-
waters of Maitland Creek, where the cluster of central necks
is flanked by flat-lying flow remnants resting on folded
Bowser Lake Group sedimentary rocks. The necks are from
foreground to background, numbers 8, 9, and 14 on Figure 156.
Photograph by C.A. Evenchick. GSC 2003-399

Figure 160. View north of Maitland Volcanics neck (number 9,
Fig. 156) due west of Maitland Creek. Photograph by
G.M. Green. GSC 2003-400
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%K

40Ar x 10-10

40Ar/Ar %

GA85 33A Olivine basalt 104 H/5 Whole rock 0.481 0.0383 39.0 4.6 (0.2)
GA85-32A livine basalt 104 H/12 0.451 0.0368 25.0 4.7 (0.3)
GA85-32 livine basalt 104 H/12 1.21 0.1061 43.4 5.0 (0.2)
GA85-32B livine basalt 104 H/5 0.878 0.0786 45.1 5.2 (0.2)

Note: Analyses performed in the Geochronology Laboratory at the University of British Columbia by J. Harakal and K. Scott, 1986.
Potassium was measured in duplicate by atomic absorption using a Techtron AA4 spectrophotometer. Argon was measured by
isotope dilution using a high purity 38Ar spike in an AEI MS-10 mass spectrometer.
Decay constants are those of Steiger and Jäger (1977).
UTM

Sample no. Description NTS map Easting Northing
Elevation
(m (ft.)) Mineral (mol/g)

Age (Ma)
( 1 sigma)±

2350 (7700)
2100 (6900)
1750 (5700)
2250 (7300)

Potassium precision is equal to or better than 0.01%.

co-ordinates are NAD27, zone 9V.

O
O
O

Whole rock
Whole rock
Whole rock

451610
458760
466300
458950

6367320
6373400
6381640
6363890

Table 8. K-Ar analytical data for Maitland Volcanics.

[------------------------------------------------------------------FLOWS---------------------------------------------------------------------------]

F1* F2* F3* F4* F5* F6 F7* F8* F9* F10* F11 F12

SiO2 46.90 49.10 48.20 46.70 50.00 49.10 47.30 46.50 47.60 46.90 47.47 46.42
Al2O3 14.80 14.90 14.50 13.80 16.50 16.80 14.90 15.40 14.90 14.30 16.06 11.19
Fe2O3 3.52 2.89 4.14 6.35 5.40 5.36 4.88 4.58 6.41 7.71 3.70 2.49
FeO 9.25 9.91 8.52 6.08 6.03 6.16 7.58 8.21 5.12 4.85 8.23 9.49
CaO 8.00 8.05 10.10 8.64 7.16 8.58 9.25 8.31 9.30 9.08 8.56 9.22
MgO 7.43 6.39 7.22 8.62 3.63 3.12 7.44 5.74 6.47 8.45 5.31 13.95
Na2 2.84 3.51 2.99 2.21 3.71 3.56 3.08 3.78 2.43 2.25 3.10 1.98
K2O 1.00 1.36 .73 .19 1.84 1.51 .72 1.44 .36 .15 1.64 .58
TiO2 2.45 2.36 1.97 1.28 2.13 2.35 2.40 2.53 1.49 1.25 2.36 1.63
P2O5 .40 .59 .25 .17 .58 .60 .43 .59 .20 .15 .52 .22
MnO .18 .19 .18 .17 .17 .20 .18 .19 .17 .17 .21 .17
Cr2O3 .02 .02 .04 .03 .07 .01 .02 .01 .03 .04 n.d. n.d.
H2O 1.25 .01 .01 4.35 2.10 2.00 1.00 1.15 4.15 4.30 1.43 .82
TOTAL 98.04 99.28 98.85 98.59 99.32 99.35 99.18 98.43 98.63 99.60 98.59 98.16

[--------------------------FLOWS-------------------------] [----CLASTS---] [------------------------NECKS------------------------]

F13 F14 F15 F16* F17* C1* C2* N5 N3 N1 N8 N14

SiO2 46.93 45.57 47.13 63.30 61.90 65.00 63.20 64.40 63.10 61.10 54.00 64.70
Al2O3 14.68 15.71 15.19 15.80 16.40 16.50 17.00 14.90 15.60 15.70 16.40 15.70
Fe2O3 3.62 3.45 2.21 3.65 4.05 2.76 4.29 2.96 3.68 4.29 4.05 3.15
FeO 8.67 9.16 10.38 1.19 1.59 .95 .15 1.67 2.45 3.43 6.62 2.16
CaO 9.39 8.80 10.67 1.12 2.11 1.07 1.39 1.09 1.45 2.35 5.05 1.29
MgO 8.63 5.14 7.75 .15 .36 .25 .23 .22 .15 .64 1.80 .11
Na2O 3.05 3.30 2.65 6.85 6.09 6.98 5.87 5.50 6.18 5.70 4.92 6.45
K2O 1.17 1.01 .60 5.39 4.98 5.49 5.45 5.11 5.11 4.62 3.38 5.33
TiO2 2.56 2.41 2.07 .31 .50 .37 .55 .43 .33 .71 1.49 .27
P2O5 .40 .41 .28 .06 .13 .07 .14 .11 .08 .19 .47 .05
MnO .20 .18 .20 .12 .11 .11 .08 .12 .18 .20 .22 .16
Cr2O3 n.d. n.d. n.d. .01 .01 .10 .01 .01 .01 .01 .01 .01
H2O .40 3.18 .51 .25 .90 .40 .60 2.05 1.50 .90 .75 .60
TOTAL 99.70 98.32 99.64 98.20 99.13 99.96 98.96 98.57 99.82 99.84 99.16 99.98

n.d. no data
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Table 9. Whole-rock compositions (weight per cent) of Maitland Volcanic rocks. Analyses of flows are denoted by
prefix F. The stratigraphic position of those followed by an asterix is shown in Figure 158; locations of the strati-
graphic sections are in Figure 156. Analyses of clasts are denoted by the prefix C, and their locations are indicated
in Figures 156 and 158. Analyses of necks are denoted by the prefix N, with the number corresponding to that in
Figure 156.



central edifice of more highly evolved alkaline and
peralkaline rocks. Maitland volcanism was approximately
coeval with the Nido stage of Edziza activity (Souther, 1992).
Episodic eruptions continued on Mount Edziza, however,
until Recent time whereas Maitland activity ceased about
4.6 Ma ago. The difference in degree of dissection between
the two areas is due mainly to continued volcanism in the
Edziza area and partly to the competence of the underlying
bedrock. Maitland volcanism ceased between 4 million and
5 million years ago, whereas the continued activity on the
Mount Edziza complex provided a protective cover of youn-
ger lavas on top of the older shield. Also, the Maitland shield
is underlain entirely by relatively soft, friable sedimentary
rocks of the Bowser Lake Group whereas the Mount Edziza
complex is underlain by more resistant strata including mas-
sive Mesozoic volcanic and plutonic rock.

Pliocene to Pleistocene

An erosional remnant of columnar basalt lithologically simi-
lar to the Maitland Volcanics caps a ridge 6 km east-southeast
of Tumeka Lake (Fig. 155). The base of the flow is at an ele-
vation of 6900 feet (2264 m). Its relationship to the Maitland
shield volcano is unknown. Numerous lherzolite nodules are
in the flows southeast of Tumeka Lake, and in rare intrusions
about 1–2 m diameter which occur on the ridges immediately
east of Konigus Creek (Fig. 155).

Two small mafic intrusions were observed in east-central
Spatsizi River area (Fig. 155). One is probably Pliocene and
intrudes the Spatsizi River Stock. The other is Pleistocene and
intrudes Triassic strata near the head of Griffith Creek. Both
are described in the section on intrusive rocks. A roughly
cone-shaped pile of pillowed basalt is in Nass River valley
near the southern border of the map area (Fig. 155). It has
about 250 m relief, and its shape and the presence of pillow
lava suggest that it is late- or post-Pliestocene. It has not been
examined in detail.

INTRUSIVE ROCKS

Introduction

Most intrusive rocks in Spatsizi River map area are early Middle
Jurassic or older and were emplaced in Stikinia prior to its
accretion to the Cache Creek Terrane. A small volume of these
are Paleozoic, but most are Triassic to early Middle Jurassic
and probably represent the intrusive equivalents of the Stuhini
and Hazelton volcanic successions. Numerous sills and dykes
of similar age and composition to the Spatsizi River Stock are
considered parts of the Cold Fish Volcanics and described in
the section on Jurassic strata. Late Cenozoic dykes occur in the
east-central part of the map area, in the vicinity of Maitland
Volcanics, and east of Konigus Creek. The last two are
assumed to be related to the Pliocene volcanic rocks, and are
discussed in the section on Maitland Volcanics. All remaining
intrusive rocks are described in this section.
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Maitland
Volcanics
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Figure 162. View west to paleovalley filled by Maitland
Volcanics in the vicinity of section D, Figure 156. Ridge in
right foreground is Maitland Volcanics; ridges of Bowser
Lake Group on both sides of the photograph are higher than
the top of the flows at right foreground. Photograph by
C.A. Evenchick. GSC 2003-401
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Figure 161. Plot of total alkalis versus silica showing the
bimodal distribution of compositions in the Maitland
Volcanics suite.

Bowser Lake Group
(snow covered)

Figure 163. View north to channel of Maitland Volcanics in
Bowser Lake Group. Located northwest of Maitland Creek,
1.5 km east of neck 1. Width of channel exposed at ridge level
is 600 m. Photograph by C.A. Evenchick. GSC 2003-402



Paleozoic granitoid rocks (unit )

Leucogranodiorite, leucogranite, quartz diorite, tonalite, and
gabbro southeast of the confluence of Stikine and Klappan
rivers are metamorphosed to chlorite zone and are locally
foliated (Read and Psutka, 1990). They were mapped as two
units by Read and Psutka (1990), who assumed a Paleozoic
age for the rocks because they are restricted to Paleozoic host
rocks. They were not examined in the current study.

Mississippian plutonic rocks on Zechtoo Mountain
(unit )

Hornblende quartz diorite to granodiorite, diorite, quartz
monzonite, and tonalite underlie the upper part of Zechtoo
Mountain. The intrusion is poorly exposed; from cursory
examination it has fine- to medium-grained matrix, with
plagioclase phenocrysts and felsic and mafic phases. It was
previously thought to be Triassic, but a U-Pb (zircon) age of
ca. 353–342 Ma indicates that it is early Mississippian, and
that the rocks it intrudes (unit l4vs) are early Mississippian
or older (Ash et al. (1997b); Table 2).

Railway Pluton (unit )

The Railway Pluton occurs on both sides of the Klappan River,
10 km south of its confluence with Stikine River. It was described
by Read and Psutka (1990) as an unfoliated, weakly metamor-
phosed monzodiorite that yielded a U-Pb (zircon) isotopic age of
227 ± 9 Ma (Table 2). East of Klappan River the pluton is
nonconformably overlain by granitic pebble to cobble conglom-
erate and Norian limestone (Read and Psutka, 1990). About
10 km west-northwest of Mount Brock, a small (<0.5 km2),
undated inlier of Railway Pluton is nonconformably overlain by
upper Pliensbachian to lower Toarcian sedimentary rocks of
Spatsizi Formation, which are conformably overlain by Mount
Brock volcanics (Smith et al., 1984; Thomson et al., 1986; Read
and Psutka, 1990). West of Klappan River, the pluton is in fault
contact with Jurassic and older strata; for a short distance it is
overlain by Lower Jurassic volcanic rocks (Read, 1984).

Stikine Batholith (unit )

Late Triassic plutonic rocks at the northeast corner of the map
area are part of the much larger composite Stikine Batholith
of the Stikine Plutonic Suite. Details of age, petrography, and
regional relationships for the batholith are given by Anderson
(1984). Contacts with country rocks are not exposed in
Spatsizi River area, but to the east the Late Triassic rocks
intrude polydeformed Mississippian to Permian strata, and
Middle to Upper Triassic volcanic rocks (Anderson, 1984).
Rocks in Spatsizi River area which are continuous with the
batholith are biotite-hornblende quartz monzodiorite, monzo-
diorite, and diorite (unit L=Sm), and biotite-hornblende
quartz monzonite and granite (unit L=Sq); they are foliated
and massive. Salmon-weathering, biotite-hornblende granite
to quartz syenite in Spatsizi River valley, which is massive,
and medium- to coarse-grained, is probably part of the
batholith (Evenchick, 1989).

Hotailuh Batholith (units , , ,
, )

Plutonic rocks at the northwest boundary of the map are part
of the composite Triassic and Jurassic Hotailuh Batholith,
which was studied in detail by Anderson (1983). Isotopic age
determinations are reported by Anderson (in Steven et al.,
1982), and Anderson and Bevier (1992). The parts of the
batholith in Spatsizi River map area are the Cake Hill,
Beggerlay Creek, McBride River, and Three Sisters plutons.
The Cake Hill Pluton is moderately foliated, Late Triassic
hornblende quartz monzodiorite, granodiorite, monzodiorite,
and quartz monzonite (221 ± 3 Ma U-Pb on zircon; Anderson
and Bevier (1992)). Its contact relationships with bounding
rocks in Spatsizi River area are unclear, but farther north it is
overlain by Toarcian rocks and is intruded by Triassic and
younger plutons. The Beggerlay Creek Pluton is composed of
massive Late Triassic metasyenite, metagabbro, and meta-
diorite (218 ± 29 Ma, Anderson in Stevens et al. (1982);
Table 2). It was emplaced into, and is overlain by, coeval
Upper Triassic Stuhini Group. McBride River Pluton is com-
posed of nonfoliated to weakly foliated, biotite-hornblende
granodiorite and quartz monzodiorite, and is considered to be
Early Jurassic based on a U-Pb (zircon) date of 184 ± 8 Ma
obtained from rock in Cry Lake map area (Anderson and
Bevier, 1992). The McBride River Pluton was emplaced into
Cake Hill Pluton and Upper Triassic Stuhini Group, and has
uncertain contact relationships with the Jurassic Three Sisters
Pluton (Anderson, 1983; Anderson and Bevier, 1992). The
youngest major body in the batholith is the Three Sisters
Pluton, a heterogeneous intrusion composed of five mafic to
felsic phases (Anderson, 1983; Anderson and Bevier, 1992).
Four are distributed radially, with more felsic phases at the
margin. In contrast to the McBride River Pluton, it has com-
mon mafic inclusions. Age of the Three Sisters Pluton is con-
strained stratigraphically to post-Toarcian, and isotopically
to 170 ± 1 Ma (U-Pb; from a site in Cry Lake map area); the
range of radiometric dates is discussed by Anderson and
Bevier (1992). In Spatsizi River map area the pluton is com-
posed of a hornblende-biotite granite phase, and a hornblende
diorite and gabbro phase.

Red Stock and related Early Jurassic intrusions
(units , )

The Red Stock occurs 3 km northwest of Kluea Lake, just
north of the basal contact of Bowser Lake Group. It intrudes
Upper Triassic Stuhini Group, is composed of hornblende
monzonite and quartz monzonite porphyry, and hosts the
Cu-Au Red Chris deposit (Schink, 1977; Friedman and Ash,
1997). A U-Pb zircon age of 203.8 ± 1.3 Ma (Table 2) changes
interpretation of its origin from that of comagmatic with the
Stuhini Group it intrudes (Schink, 1977), to being comag-
matic with Hazelton Group, (Friedman and Ash, 1997),
although the interpretation of this age depends on whether the
Triassic-Jurassic boundary of 208 Ma (Harland et al., 1990)
or 200 Ma (Pálfy et al., 2000) is preferred. The Ealue Stock, 3
km east of Ealue Lake, and several dykes north of the Red
Stock intrude Stuhini Group, have similar composition and
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are inferred to be part of the same intrusive suite (Ash et al.,
1996). Uranium-lead (zircon) dates obtained from two of the
dykes are 200.4 +1.4/-1.3 Ma and 197.9 +1.8/-3.2 Ma (Ash
et al. (1996); Table 2). Massive pyroxene diorite dykes (unit
EJd) intrude Triassic–Jurassic strata southwest of Red Stock,
and are assumed to be Early Jurassic (Ash et al., 1997b).

Spatsizi River Stock (unit )

Located within the eastern exposures of Cold Fish Volcanics,
the Spatsizi River Stock is a mildly peraluminous, alkali-
feldspar granite that appears to represent an upward bulge of
the inferred Will subcaldera pluton. It is mineralogically similar
to the rhyolite into which it was emplaced, with phenocrysts
of orthoclase perthite (40% by volume) surrounded by inter-
stitial granophyre (45%), and filled miarolitic cavities. The
cavities are filled mainly by granular quartz, and partly by
fluorite, chlorite, magnetite, and cassiterite or rutile. Its age is
190.7 +7.0/-7.8 Ma based on U-Pb (zircon) geochronometry
(Thorkelson et al. (1995); Table 2).

Cartmel Stock (unit )

The Cartmel Stock is a little-studied, multiple-phase
intrusion southeast of Cartmel Lake. It appears to crosscut
rhyolitic and possibly mafic volcanic rocks correlated with
the Cold Fish Volcanics. Three of the intrusive phases com-
prise medium-grained, biotite-hornblende quartz monzonite;
pink, fine-grained, hornblende granite; and grey, fine-
grained, hornblende±pyroxene quartz diorite. Whether any
of these phases are coeval with the Cold Fish or Mount Brock
successions, or are of intermediate or entirely younger ages,
is unknown.

McEwan Creek Pluton (unit )

The McEwan Creek Pluton is a salmon-pink-weathering,
equigranular to porphyritic, massive quartz monzonite and
leucogranite with biotite and hornblende. It intrudes
Paleozoic metasedimentary rocks, the Late Triassic Railway
Pluton, and Lower Jurassic (Pliensbachian to early Toarcian)
volcanic and clastic rocks of the Hazelton Group, including
the Lower Jurassic Mount Brock volcanics (Read and Psutka,
1990; Evenchick and McNicoll, 1993). It crosscuts most units
at a high angle, but in places follows layering in the Mount
Brock volcanics and resembles a sill (Thorkelson, 1992).
Strata about 100 m and 400 m above the base of the Mount
Brock volcanics contain ammonites of Early and mid-
Toarcian ages, respectively. The age of the pluton from U-Pb
(zircon) dating is 183.5 ± 0.5 Ma (Evenchick and McNicoll
(1993); Table 2). A pluton of similar composition intrudes
undivided Triassic–Jurassic strata north of Stikine River.

Edon, Rose, and related intrusions (unit )

Hornblende quartz monzonite intrusions on Ehahcezetle
Mountain were named the Edon and Rose plutons by Read
(1984). They are mineralized and hydrothermally altered, and

intrusive into green andesite, although they may also be over-
lain by maroon andesite (Cooper, 1978; Read, 1984). The
intrusions, and a monzodiorite intrusion on the slopes north of
Ealue Lake, were shown by Ash et al. (1997b) as dyke
swarms of alkali granite. For this reason we refer to them as
the Edon, Rose, and related intrusions. Four samples of the
Edon intrusion dated by K-Ar (whole rock) method are
163.6 Ma, 169.6 Ma, 170.4 Ma, and 198.5 Ma (Read (1984);
Table 2). The last sample is shown on Read’s (1984) map at
the border of the intrusion, but may be from the country rock.
Uranium-lead ages of samples from the unit outlined by Ash
et al. (1997b) are ca. 186–182 Ma. In the absence of location
information for the rocks dated by Ash et al. (1997b), the
relationship of these dated rocks to the Edon and Rose plutons
of Read (1984) is unknown.

Other Mesozoic intrusions

Other small Mesozoic intrusions include: augite metagabbro
(unit L=b), which cuts Triassic strata in the northwest corner
of the map area; felsic to intermediate, fine- to coarse-
grained, intrusive rock (unit =2g), which cut Triassic strata
south of Tsenaglode Mountain; and metadiabase (unit m<d),
which is inferred to cut lower Middle Jurassic Bowser Lake
Group and Spatsizi Formation (Read, 1984; Read and Psutka,
1990).

Late Cenozoic intrusions (units , )

Two small, mafic intrusions of probable late Cenozoic age
were observed in east-central Spatsizi area. One of them, a
10 m wide ‘microgabbro’ dyke that crosscuts the Spatsizi
River Stock, is tentatively correlated with the Maitland
Volcanics. Chemical analysis (sample 86-112-2 in Appendix 2)
indicates that it contains about 23 weight per cent MgO, but
only 6 weight percent CaO, which infers that it is does not
approximate a ‘liquid composition’, and has almost certainly
been enriched in magnesia through accumulation of olivine
or orthopyroxene. Whether this sample is representative of
the dyke as a whole is unknown.

The other intrusion is a basanite containing 17% norma-
tive nepheline (chemical sample 87-224-2) that crosscuts
Stuhini Group rocks south of the head of Griffith Creek. It
was dated by the K-Ar (whole rock) method at 1.30 ± 0.03 Ma
(M.L. Bevier, pers. comm. (1991); Table 2), indicating a
Pleistocene age. It hosts abundant nodules of Cr-spinel
lherzolite to harzburgite (chemical sample 87-224-3) that
were probably derived from underlying lithospheric mantle.
The basanite has a low magnesium number (57.4), and a
modest Cr concentration (174 ppm), indicating that it was
formed from a rather evolved magma, and not a primary,
mantle-equilibrated liquid (Basaltic Volcanism Study
Project, 1981). Apparently, it underwent considerable frac-
tional crystallization of olivine or other mafic silicate phases
below the Moho, before rising rapidly to the surface. The
peridotite xenoliths were probably incorporated into the melt
just prior to penetration of the lower crust, at the beginning of
rapid magmatic ascent.
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STRUCTURE AND TECTONICS
Structures in Spatsizi River map area can be broadly grouped
into four categories of ages and/or styles: deformation in
Paleozoic rocks; Early or early Middle Jurassic deformation;
Mesozoic to early Cenozoic contractional structures of the
Skeena Fold Belt; and Mesozoic reverse, normal, and
strike-slip faults. The Skeena Fold Belt occupies more than
three-quarters of Spatsizi map area and was examined in the
most detail. Spatsizi River map area hosts many of the critical
geometric and timing relationships on which the fold belt was
defined (Evenchick, 1991a), and for this reason it is the pri-
mary topic of the description and discussion below. Cenozoic
faults have not been documented, but the west side of the
study area is only 30 km from the Late Cenozoic Edziza vol-
canic complex (Souther, 1992), attributed to extension along
northerly trending zones. One possible candidate for a
Cenozoic fault is along the northerly trending segment of
Klappan River. This zone appears to be a boundary between
regions of differing structural style, and it is the eastern limit
of the Pliocene Maitland Volcanics.

Deformation in Paleozoic rocks

Structures in Paleozoic rocks in Spatsizi River area have not
been studied in detail. Paleozoic strata are polydeformed and
in most places strongly foliated. Primary textures are com-
monly obscured in phyllitic rocks. In most areas foliation
strikes northwest and has moderate to steep dips (Read, 1984;
Read and Psutka, 1990), although at Thatue Mountain it
appears to define a dome. Folds are mesoscopic and similar
type in psammite, phyllite, and marble. Noncylindrical folds
are common. Unit Pg of Read and Psutka (1990) includes
strongly foliated to mylonitic gneiss.

The presence of strong penetrative foliation, greenschist-
facies metamorphism, and an inferred polyphase history of
folding, distinguish Paleozoic strata from younger succes-
sions (Read and Psutka, 1990), and suggest that at least some
of the deformation in these strata is Paleozoic. Paleozoic
structures were probably overprinted by some of the younger
events. For example, the domal geometry of foliation at
Thatue Mountain is possibly a result of Cretaceous and/or
Triassic–Jurassic folding of Paleozoic foliation.

Late Triassic to Early Jurassic, and early
Middle Jurassic deformation

Spatsizi River area was the site of arc-related volcanism in the
Late Triassic to early Middle Jurassic. Within the volcanic
Stuhini and Hazelton successions are strata and unconformi-
ties which record at least two periods of deformation. The
first of these is widespread Late Triassic to Early Jurassic
pebble to cobble conglomerate (unit =<c), with volcanic,
granitoid, and Permian carbonate clasts. These conglomerate
units, discussed in an earlier section, are indicative of the Late
Triassic to Early Jurassic deformation known regionally in
northern Stikinia.

The second inferred period of deformation is expressed as
angular unconformities in Early to Middle Jurassic rocks, and
may be a result of either contractional deformation, or exten-
sion associated with arc volcanism. Angular unconformities
beneath the Spatsizi Formation and Bowser Lake Group are
apparent in at least two areas. Southwest of Todagin Mountain,
Spatsizi Formation overlies Early Jurassic Hazelton Group in
angular unconformity. This unconformity cuts downsection
northeastward into Triassic Stuhini Group. The presence of
Spatsizi Group above the unconformity and Pliensbachian
volcanic rocks below, indicate that the discordance formed
between Pliensbachian and Bajocian time, assuming that
Quock Member in this area is the same age as at Joan Lake.
The second angular unconformity is in the Griffith Creek
region, where Triassic strata are in large angular uncon-
formity with Bowser Lake Group. As discussed in an earlier
section, it is unclear whether this unconformity is a result of
contractional deformation, as suggested by Thorkelson et al.
(1995), or extensional deformation. The latter is an equally
plausible explanation because Triassic–Jurassic deformation
noted above combined with Early Jurassic extension could
result in the large discordance between Triassic strata and
Bowser Lake Group. Examples of Early and/or early Middle
Jurassic extension elsewhere in northern Stikinia include
Oweegee Dome in northwest Bowser Lake map area (Greig
et al., 1991; Greig, 1992), and Iskut River map area (e.g.
Anderson, 1993).

The Red Goat Fault is an assumed west-side-down normal
fault in Spatsizi River valley that marks the eastern boundary
of the Cold Fish Volcanics. Rationale for this fault, which has
an estimated throw of 1.5 km, is discussed in the ‘Cold Fish
Volcanics’ section of this report.

Mesozoic normal, reverse, and strike-slip faults

Rocks in the northern part of the map area are cut by
numerous northeast- and northwest-trending steep faults.
Most are dip-slip faults, and the relative displacement can
commonly be identified. The dip direction on steep faults,
however, is difficult to determine in many cases, and there-
fore it is unclear whether they are normal or reverse faults.
The vast majority of dip-slip faults with known dip direction
are normal faults. Most of these cut Tango Creek Formation
and therefore are mid-Cretaceous or younger. A few are
restricted to Early and Middle Jurassic strata and are possibly
pre-Cretaceous. Only the most prominent faults are described
below.

Griffith and Buckinghorse faults

The Griffith and Buckinghorse faults are major dip-slip faults
which intersect in Spatsizi River valley near the mouth of
Buckinghorse Creek, and have a profound impact on the dis-
tribution of map units. The Griffith Fault (Evenchick, 1991a)
is a long-lived, northeast-trending dip-slip fault that occupies
a significant topographic lineament; it can be traced for 65 km
based on offsets of map units, and reasonably extrapolated for
another 20 km. Its latest history is revealed in the amount of
offset of Cretaceous map units (Fig. 164). Southeast of Skady
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Mountain, southeast-side-down offset of the base of Brothers
Peak Formation is up to a maximum of 400 m. This displace-
ment must have been in latest Cretaceous or more recent time.
A southeast plunge of less than 10° could also result in the
contact dropping to the southeast, in which case there would
be no offset of Brothers Peak Formation. Whether the dis-
placement was the minimum (0) or maximum (400 m) esti-
mate, it does not explain the contacts in strata underlying the
Brothers Peak Formation on either side of the Griffith Fault at
the head of Griffith Creek. For example, on the northwest side
of the fault, the Tango Creek Formation unconformably over-
lies Bowser Lake Group at an elevation of 7100’ (2160 m),
whereas to the southeast along trend, it occurs from the base
of outcrop at 5000’ (1500 m) to the ridge top, requiring at least
660 m of southeast-side-down displacement on the two inter-
vening faults. Offset of the basal Sustut Group contact limits
about 500 m of this to the northwest of the two faults. The
subvertical segment of the Mink Creek thrust fault is present
in the sliver of rock between the two segments of the Griffith
Fault, but it was not noted farther southeast. Given that the
maximum displacement on the Griffith Fault farther north
was 400 m, this requires that either 260 m of the minimum
(660 m) displacement at the head of Griffith Creek predated
Brothers Peak Formation, or that displacement on the fault
increases to the southwest. The difference in amount of
displacement and/or timing of the Griffith Fault is increased
significantly, to a minimum of 1300 m when the geometry of
contractional structures (discussed in section ‘Region 2.
Structures between the Griffith Fault and the eastern map
boundary’ below) on either side of the fault at the head of
Griffith Creek are considered.

Farther southwest along the Griffith Fault, where it fol-
lows the Spatsizi River, the block on the southeast has a thrust
fault (Crescent Fault) with Tango Creek Formation in the
footwall and Bowser Lake Group in the hanging wall,
whereas on the northwest side of the fault, a thrust fault
(Denkladia Fault) has Bowser Lake Group in the footwall and
Cold Fish Volcanics in the hanging wall. The absence of
Sustut Group northwest of the Griffith Fault in this region
indicates that the area northwest of the fault represents a
lower structural level, and that the fault accommodated
southeast-side-down displacement. A minimum estimate of
the amount of displacement is the difference in elevation
from outcrops of Sustut Group at the valley floor on the south-
east side of the fault, to Bowser Lake Group and volcanic
rocks on ridge tops on the northwest side, a total of 880 m
(Fig. 164). Another estimate of displacement could be
obtained from the apparent offset of the steeply dipping
Denkladia Fault, but its position in the Spatsizi River valley is
poorly constrained. The Griffith Fault is assumed to continue
southwest into the sub-alpine, southwest-trending valley,
with Bowser Lake Group on both sides. Near the head of Little
Klappan and Klappan rivers (12 km north northwest of
Mount Gunanoot), and along trend of the Griffith Fault, folds
in the Bowser Lake Group abruptly change plunge from
subhorizontal to moderate to the southeast. This is an unusual
geometry in the Skeena Fold Belt, and the abrupt southeast
plunge is speculated to be a result of northwest-trending folds
being draped over a continuation of the Griffith Fault in the
subsurface.

The trace of the Griffith Fault northeast of Griffith Creek
leads to a number of faults on Spatsizi Plateau west of the con-
fluence of Spatsizi and Stikine rivers. No faults appear to dis-
place the basal Brothers Peak Formation contact by more than
30 m, and of those where sense of offset is known, displace-
ment is northwest-side-down, opposite to the sense of dis-
placement elsewhere. Farther northeast, however, in and east
of Stikine River valley, a fault on trend with the Griffith Fault
offsets the base of the Tango Creek Formation at least 250 m
with northwest-side-up throw, the same sense as elsewhere
on the fault. The relatively minor offset of the Brothers Peak
Formation indicates that most displacement on this portion of
the Griffith Fault predated Brothers Peak Formation (i.e. Late
Campanian or older). Reactivation in an opposite sense
occurred during or following deposition of the Brothers Peak
Formation.

The Buckinghorse Fault (formally named herein;
Fig. 164) is also interpreted to have significant dip-slip dis-
placement. Along Buckinghorse Creek it separates a north-
eastern block with Triassic–Jurassic volcanic rocks overlain
by Cretaceous Sustut Group and thrust over Bowser Lake
Group, from a southwestern block of low-lying outcrops of
Sustut Group. Southwest of the fault, the position of the basal
Sustut unconformity and the assumed continuation of the
Denkladia Fault are constrained by sporadic outcrop of
Triassic–Jurassic volcanic rocks, Bowser Lake Group, and
Sustut Group. Assuming pure dip-slip displacement and
using map offset of 4.5 km and a uniform dip of 30° for the
unconformity (from local bedding measurements), southwest-
side-down displacement across the Buckinghorse Fault is
estimated to be 2700 m; if a dip of 15° (approximate dip of the
Crescent Fault) is considered, the displacement would be
1300 m. A parallel fault east of the Buckinghorse Fault,
herein named the Sloughgrass Fault, offsets the base of the
Tango Creek Formation, which dips 65° near the fault, at least
1700 m, for a net displacement of 3000–4400 m across this
zone. The magnitude of displacement on these faults north-
west of their intersection with the Griffith Fault is unclear, as
is their continuity to the southeast.

The Griffith and Buckinghorse faults divide the region
into four blocks. The result of significant southeast-side-
down displacement on the Griffith Fault combined with
southwest-side-down displacement on the Buckinghorse and
Sloughgrass faults is that the block south of their intersection
has been downdropped the most relative to the other blocks,
whereas the block to the north of their intersection has been
downdropped the least, and the blocks to the east and west
have been downdropped an intermediate amount (Fig. 165).
This geometry is generally consistent with the distribution of
map units, in that the block to the south exposes the highest
structural level, i.e. Bowser Lake Group structurally overlying
Sustut Group, whereas the block to the north exposes the low-
est structural level, including Paleozoic marble. As discussed
in the stratigraphy section, the blocks east and west of the
intersection expose similar assemblages of the Bowser Lake
Group, and are inferred to represent roughly the same struc-
tural level (Fig. 165). If this is the case, the minimum estimate
(880 m) for the Griffith Fault is probably significantly low,
because displacement must be close to the combined
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Buckinghorse and Sloughgrass faults. The complete absence
of Tango Creek Formation on the northwest side of the Griffith
Fault (south of Denkladia Fault), but its presence dipping
south under the Crescent Fault, and presumably well into the
subsurface, on the southeast side of the Griffith Fault, also
indicates that displacement was likely larger than the mini-
mum estimate of 880 m.

In summary, the Buckinghorse and Sloughgrass faults
accommodated between roughly 3000 m and 4400 m of
southwest-side-down displacement after Albian deposition
of basal Tango Creek Formation. Much, if not all, of this dis-
placement also postdated the Crescent Fault, which is offset
by both faults. If assumptions of similarity of structural and
stratigraphic level east and west of the intersection of
Buckinghorse and Griffith faults are correct, then the Griffith
Fault must have had a similar magnitude of southeast-
side-down displacement. A minimum of 880 m for Griffith
Fault is shown by the absence of Tango Creek Formation
northwest of the fault, but considering that Tango Creek
Formation dips south under the Crescent Fault, the minimum
is inferred to significantly underestimate the magnitude of
displacement.

Black Fox Fault

The Black Fox Fault is a northwest-side-down, dip-slip fault
in the valley running northeast from Eaglenest Creek through
Danahue Pass, up Black Fox Creek, under the Brothers Peak
Formation, and to the north edge of the map area (Fig. 4).
North of Eaglenest Creek it separates Bowser Lake Group on
the northwest from Spatsizi Formation on the southeast.
Northwest-trending folds on both sides of the fault at this
place plunge less than 10°, and cannot account for apparent
offset of the base of the Bowser Lake Group of about 600 m in
a distance of 2.5 km (plunge of 14° required). Northeast of
Cold Fish Lake valley, in Black Fox Creek, offset of the
Tango Creek–Brothers Peak contact is minor or absent,
requiring that most of the displacement predates Brothers
Peak Formation (i.e. Late Campanian or older). On the north-
east side of Spatsizi Plateau, Stikinia rocks are in the Stikine
River valley, 7 km southeast of the confluence of the Stikine
and Pitman rivers, and the basal Tango Creek Formation is at
about 100 m above river level. Four kilometres southeast of
the same confluence, and to the west, Tango Creek Formation
is in the river valley, and a structure is required to drop the
subhorizontal Tango Creek Formation to the river valley.
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Although the position of contacts in the region of the inferred
fault are not well constrained, the Brothers Peak Formation is
probably offset by faulting less than 100 m, if at all. Required
offset of the base of the Tango Creek Formation is about 600 m.
These relationships indicate that the inferred fault must have
accommodated northwest-side-down displacement, and, like
the Griffith and Buckinghorse faults, must have predated the
Brothers Peak Formation. This fault is on trend with the Black
Fox Fault, is roughly the same age, and accommodated
approximately the same magnitude of displacement, there-
fore it is inferred to be a continuation of the Black Fox Fault,
hidden by the cover of the Brothers Peak Formation. This
extrapolation of the Black Fox Fault is supported by interpre-
tation of aeromagnetic anomalies of the region (Fig. 166, on
CD-ROM), which show a major northeast-trending gradient
at the position of the Black Fox Fault. Exposures of Stikinian
rocks generally correspond to areas of significantly higher
magnetic susceptibility than the sedimentary rocks, which
appear to mask the potential field of Stikinian rocks
(Fig. 166). Aeromagnetic anomalies in the vicinity of the
Black Fox Fault are interpreted to reflect thin sedimentary
cover over Stikinia southeast of the fault relative to the thicker
cover northwest of the fault. The Griffith Fault can also be
recognized on the aeromagnetic map, but not as strikingly as
the Black Fox Fault.

The Black Fox Fault is a regional feature at least 60 km
long. The fault has not been directly observed, but the posi-
tion of contacts and the profound aeromagnetic break along
the fault require an explanation. An alternative is that an early
Late Cretaceous topographic high between Black Fox and
Griffith creeks had a northeast-trending west margin which
controlled the Tango Creek fluvial systems. This explanation
does not account for offset of Bowser Lake Group, which
does require a fault. There are three possible interpretations of
the distribution of map units. One is that on the Black Fox
Fault displacement predating Tango Creek Formation offset
the Bowser Lake Group and produced the topographic high
controlling the thickness of the Tango Creek Formation; a
second is that fault displacement was synchronous with
Tango Creek Formation, and the last is that displacement
occurred at both times. The fault may have also had early
Middle Jurassic displacement and controlled thickness of the
Spatsizi Formation, which is thin to nonexistent northwest of
the fault.

In summary, the Black Fox and Griffith faults are northeast-
trending faults which have significant strike length. The
Griffith Fault, and potentially the Black Fox Fault, have long
histories which include substantial vertical displacement
during the broad interval of deposition of the Tango Creek
Formation. Together they resulted in uplift of the block
between them relative to bounding areas. This displacement
is readily apparent in the large-scale map pattern because the
‘high’ hosts the southwesternmost exposures of Jurassic
Hazelton Group rocks, as well as the only exposures of
Stikinia rocks in the Stikine River valley between Pitman
River and the east side of the map area. The ‘high’ is also
clearly identified by aeromagnetic anomalies in the Sustut
Basin, which should not otherwise exhibit strong anomalies.
The faults either included a history predating Sustut Group,

which produced a topographic high that controlled thickness
of the Tango Creek Formation, or they were entirely coeval
with the Tango Creek Formation and controlled thickness of
the unit. Palynological constraints on the age of the Sustut
Group restrict this activity to between about Barremian or
Albian, and late Campanian. Differences in thickness of the
unit are expressed in cross-sections D-E northwest of Black
Fox Fault, J-L southeast of Black Fox Fault, and OO-PP
southeast of the Griffith Fault (see Fig. 171, 172). The Griffith
Fault was reactivated after deposition of the base of the
Brothers Peak Formation, as indicated by minor faults south-
west of the confluence of Spatsizi and Stikine rivers. Either
faulting or gentle plunge could account for the drop in the
base of the Brothers Peak Formation southeast of Skady
Mountain.

Faults cutting Brothers Peak Formation

The Brothers Peak Formation is cut by numerous northeast-
trending dip-slip faults. These are readily apparent because,
although many may have minor displacement, they vertically
displace gently dipping, cliff-forming sheets of conglomer-
ate. Most faults are subvertical, and it is unclear whether they
accommodated extension or contraction. Several faults near
the head of Ross River, including the Ross Fault, are normal
faults with net northwest-side-down displacement of at least
300 m (Fig. 150), and, combined with the local northwest
plunge, are responsible for the larger amount of Sustut Group
occupying the area northwest of the Ross Fault. Fault control
on the preserved thickness of the Tango Creek Formation, as
inferred for the Black Fox and Griffith faults, cannot be docu-
mented. Ross Fault and related faults cut Brothers Peak
Formation, and therefore are latest Campanian or younger.
Some of the faults northeast of the junction of Kliweguh
Creek and Spatsizi River are also normal faults.

Faults of similar style and age are not restricted to the
Brothers Peak Formation. For example, a fault parallel with
Ross Fault, about 7 km to the west, offsets the Tango
Creek–Bowser Lake contact about 130 m (400 ft.). An enig-
matic, northeast-trending, dip-slip fault parallel with, and 4.5
km southeast of, the Griffith Fault at the head of Griffith
Creek, has southeast-side-down offset. It is best understood
in the context of nearby contractional structures and will be
addressed in the section ‘Region 2. Structures between the
Griffith Fault and the eastern map boundary’.

Gladys Fault

The Gladys Fault is a normal fault that extends northeasterly
from the Joan Lake Anticline, across the Eaglenest Syncline
exposing Bowser Lake Group, across the Mount Will (thrust)
Fault, and through the culmination (Connors Anticline) of
Cold Fish Volcanics (Gabrielse and Tipper, 1984). It inter-
sects a steep, possibly reverse fault that trends northwest from
Mount Will. Southwest of that intersection, the Gladys Fault
has a consistent northwest-side-down sense of displacement.
The magnitude of displacement is about 200 m based on
offset of contacts at the Joan Lake Anticline, and of Spatsizi
Formation in the footwall of the Mount Will Fault. Northeast
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of the intersection, the fault separates northeast-dipping beds
in the east, from gently dipping beds in the west. This contrast
in dips is interpreted to be a result of a component of rotation
along the Gladys Fault, such that the fault block east of the
intersection is tilted toward the northeast by 30°–40°.
Accordingly, the Gladys Fault would have northwest-side-
down displacement immediately north of the fault intersec-
tion, changing to southeast-side-down displacement farther
to the northeast. A parallel fault 5.5 km southeast of the
Gladys Fault is also subvertical, and accommodated at least
150 m of northwest-side-down displacement. These faults are
Cretaceous or younger because they offset contractional
structures of the Skeena Fold Belt, but whether they formed at
the same time as the Griffith and Black Fox faults, or the
younger suite of northeast-trending faults, is unknown.

Cold Fish Fault

The Cold Fish Fault is inferred to be at least 60 km long, occu-
pying the valley of Cold Fish Lake, a region with sparse out-
crop. The fault is exposed sporadically for 10–20 km
northwest of Cold Fish Lake. There, Tango Creek Formation
is common on both sides of the fault, but locally the fault sep-
arates Tango Creek Formation on the north from Triassic–
Jurassic volcanic rocks on the south, and is inferred to drop
the basal Sustut Group contact down on the south (Read and
Psutka, 1990). Between this area and Spatsizi River the fault
is not exposed, but it is assumed to continue based on the pres-
ence of Cold Fish Volcanics on slopes to the south and Tango
Creek Formation and Bowser Lake Group on slopes to the
north. If the fault accommodated southwest-side-down dis-
placement as inferred by Read and Psutka (1990) for relation-
ships farther northwest, then it must have had earlier reverse
displacement to account for juxtaposition of Cold Fish
Volcanics against younger rocks to the north (northeast of
Cold Fish Lake). The most likely continuation of the Cold
Fish Fault southeast of Cold Fish Lake is between Spatsizi
River and the head of Griffith Creek, where a zone of steep
thrust or reverse faults separates Bowser Lake Group on the
north from Hazelton Group and lower strata on the south.
Because of the poor exposure in Cold Fish Lake valley, there
are few constraints on the magnitude of displacement on Cold
Fish Fault postdating Sustut Group deposition, which could
have been as little as 250 m (cross-section C-D, see Fig. 171;
Read and Psutka (1990)). In summary, the Cold Fish Fault
had at least two periods of movement: an early (predating
Sustut Group) south-side-up displacement; and a south-side-
down displacement postdating deposition of basal Sustut
Group as observed near Cullivan Creek by the offset of basal
Tango Creek Formation.

Northwest-trending, steep faults

Many faults in the northwest part of the study area which cut
strata younger than Bowser Group are poorly exposed, and
their differentiation as reverse, normal, or strike-slip faults is
unclear. The Cullivan Fault separates Triassic–Jurassic con-
glomerate on the northeast side from Tango Creek Formation
overlying Cold Fish Volcanics on the south side (Read and
Psutka, 1990). Read and Psutka (1990) estimated the fault to

dip moderately northeast, with a throw of 3 km, but the
straight trace of the fault through significant relief requires
that it is steep. Minimum offset is 760 m (2500 ft.) based on
distribution of Sustut Group on the south side of the fault. The
nearby South Fork Fault also has Sustut Group on the south-
west side; minimum offset is 150 m. Cartmel Fault is another
northwest-striking fault; it is assumed to have had south-
west-side-down displacement because Bowser Lake Group
on the south is faulted against Triassic and Early Jurassic
rocks. These three faults, two of which are demonstrably
mid-Cretaceous or younger, accommodated a total of at least
900 m of southwest-side-down displacement, and resulted in
a stepped reduction in stratigraphic level to the northeast. The
absence of Bowser Lake Group below the Sustut Group in the
region between Cullivan Creek and Cartmel Fault is a relation-
ship that provides important constraints on development of
the region. One possible explanation is that displacement on
the Cartmel, South Fork, Cullivan, and Cold Fish faults pre-
dating the Sustut Group, resulting in uplift of this region, and
erosion of Bowser Lake Group prior to the Albian when the
basal Tango Creek Formation was deposited directly on strata
predating Bowser Lake Group. Subsequent reactivation of
the faults resulted in the preservation of the two outliers of
Tango Creek Formation. Another explanation is that the
region was part of a broad anticline in the hanging wall of a
thrust fault at the front of the Skeena Fold Belt. Uplift resulted
in erosion of the Bowser Lake Group prior to the Albian,
which was followed by deposition of the Sustut Group, and
subsequent dip-slip faulting which preserved the outliers of
Sustut Group.

Other faults in the northwest corner of the map area are not
depicted precisely the same as Read and Psutka (1990) did
because the lateral continuity of several of them (e.g.
McEwan Creek, Cullivan) is unclear. The only segment of the
McEwan Creek Fault constrained by bedrock is the east-west
segment north of McEwan Creek, where Triassic rocks on the
south are juxtaposed against Jurassic rocks on the north.
There is no indication that the fault in Ealue Lake valley, if
one exists, is actually a continuation of the McEwan Creek
Fault. Similarly, there is no indication that the McEwan
Creek Fault has an offset counterpart on the northeast side of
Cullivan Fault. Based on thicknesses of units throughout the
stratigraphic column on either side of the inferred McEwan
Creek Fault, Read and Psutka (1990) suggested that it had
early (predating Spatsizi Formation) south-side-down dis-
placement, followed by south-side-up displacement postdat-
ing the Middle Jurassic, and then south-side-down displacement
postdating the Jurassic. Other northwest-trending faults in the
extreme northwest corner of the study area include the
Beggerlay Rapids Fault, which separates Paleozoic strata on the
southwest from Mesozoic strata on the northeast (Read and
Psutka, 1990), and two faults bounding the block of Paleozoic
strata underlying Zechtoo and Thatue mountains. These faults
are latest Triassic or younger, and the magnitude and sense of
displacement are poorly constrained.

The Nation Fault, southwest of Cold Fish Lake, probably
accommodated south-side-down motion based on the strati-
graphic sequences exposed on opposite sides of the fault.
South of the fault, as illustrated in section b on Figure 15, the
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sequence progresses upward from a thick section of mainly
mafic lava flows to a more composite pile of tuffaceous rocks,
lava flows, and thin sills; that is capped by ignimbrite, and
overlain by sedimentary rocks. North of the fault, Cold Fish
Volcanics are highly variable, and are cut by numerous faults.
The sequences directly north of the fault, represented by sec-
tions c, d, and e on Figure 15, bear little resemblance to the
succession south of the fault, and are inferred to be almost
entirely, if not wholly, lower-level strata. Thus, the fault is
inferred to be north-side-up, but because it is subvertical, it is
unclear whether it accommodated extension or contraction.

The Cullivan, South Fork, and Cold Fish faults accommo-
dated south-side-down displacement postdating the base of
the Tango Creek Formation (Barremian to early or middle
Albian). They are steep faults, but it is uncertain whether they
are extensional or contractional in origin. The faults formed
either during or after the Skeena Fold Belt, and therefore
could be southwest-verging, contractional faults related to
the Skeena Fold Belt, or alternatively, could be a result of
extension resulting from flexural loading of the Skeena Fold
Belt. Other northwest-trending faults described above may
have shared this history, possibly following an earlier history,
or may have been entirely pre-Cretaceous.

Pitman Fault

The Pitman Fault is a poorly exposed, but major fault which
skirts the northern boundary of the map area. It continues
eastward into Cry Lake and Kechika map areas, where it coin-
cides with a prominent lineament (Gabrielse, 1998), and
probably westward into Telegraph Creek map area. In
Spatsizi River area it occupies the Stikine River valley; in the
east it separates Cretaceous Sustut Group and underlying
rocks of Stikinia on the south from Middle Jurassic Bowser
Lake Group on the north. Farther west it separates Paleozoic
and Early Jurassic strata on the south from undivided Triassic
and Jurassic strata on the north. The only possible relation-
ship in Spatsizi River map area which constrains the sense of
displacement on the fault is the apparent 2.5 km offset of a
northwest-trending fault with Paleozoic strata on the south-
west and Triassic strata on the northeast, in the vicinity of
Tsaybahe Creek. The occurrence of Sustut Group on the
south side of the Pitman Fault does not necessarily require
south-side-down displacement because exposed strata are
close to the base of the unit and dip gently south, so that the
contact could simply be a gently south-dipping unconformity
south of the fault. The fault is inferred to be sinistral, and
Cretaceous based on offset of Early Jurassic and Cretaceous
plutonic rocks and the Kutcho Fault in Kechika map area
(Fig. 7; Gabrielse (1985)). The regional geology of Spatsizi
River map area sheds light on the origin of the Pitman Fault
because it can be considered to be kinematically compatible
with northeast shortening in the Skeena Fold Belt, wherein
the sinistral Pitman and dextral Finlay faults (Fig. 7) are
conjugate faults accommodating thick-skinned northeast
shortening.

Summary of steep Mesozoic faults

Northern Spatsizi River map area is transected by numerous
steep faults. Most are dip-slip faults, and where known, most
are normal faults. The majority strike northeast or northwest
to north-northwest. Many are Late Cretaceous and possibly
younger, with no constraint on the younger limit. Griffith and
Black Fox faults are northeast-trending regional features
more than 60 km long which significantly influence the distri-
bution of map units. Together they resulted in uplift of the
block between them relative to surrounding areas, and influ-
enced the preserved thickness of the Tango Creek Formation,
possibly during deposition of the fluvial succession. In addi-
tion, they may have been active earlier and may have had
minor displacement later. They may have been a result of
northwest extension, or may be basement faults reactivated
during thrust loading associated with the Skeena Fold Belt.
Whatever the cause, they have not accommodated significant
contraction or extension of the crust, but vertical displace-
ment is substantial. A parallel set of faults near Ross River are
normal faults, and may be an indication that whatever stress
regime caused the Griffith and Black Fox faults continued, or
was rejuvenated farther east, subsequent to deposition of the
lower Brothers Peak Formation. The Black Fox and Griffith
faults were active during regional contraction, but are perpen-
dicular to main direction of shortening. It is possible that the
faults acted as tear faults at some level in the fold belt, but
considering the magnitude of vertical displacement this
seems unlikely.

The Buckinghorse and Sloughgrass faults intersect the
Griffith Fault. Roughly 3000–4400 m of southwest-side-
down displacement on the Buckinghorse and Sloughgrass
faults, and probably a similar magnitude of southeast-side-
down displacement on the Griffith Fault, combine to result in
exposure of significantly different structural levels near their
intersection, which is prominently expressed by the distribu-
tion of map units.

Many significant steeply dipping and northwest-trending
faults occur in the northwest quadrant of the map area. The vast
majority of them, and the Buckinghorse, Sloughgrass, and
Nation faults, accommodated southwest-side-down displace-
ment. The Southfork, Cullivan, Cold Fish, Buckinghorse, and
Sloughgrass are post-Albian, and it is possible that some of
these faults had pre-Albian activity. They may have been
reverse faults related to northeast contraction of the Skeena
Fold Belt, or extensional faults related to thrust loading of the
fold belt. One fault with demonstrable strike-slip displace-
ment (Gabrielse, 1985) is the sinistral Pitman Fault, which
also may be kinematically related to the late stages of the
Skeena Fold Belt.

Post-Jurassic contractional structures:
Skeena Fold Belt

The southern three-quarters of Spatsizi River map area is
underlain by an impressive array of folds and lesser (in num-
ber) thrust faults which are part of a much larger region of
deformed strata collectively called the Skeena Fold Belt
(Evenchick (1991a); Fig. 167). Primary characteristics of the
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fold belt are: 1) that it is best expressed in the Bowser Lake
and Sustut groups, but it also affects Stikinia; 2) most folds
and thrust faults trend northwest; 3) some domains in the west
have structures which trend northeast to north-northeast;
4) the northeast-verging folds accommodated a minimum of
150 km (44%) of northeasterly shortening in the Cretaceous
to earliest Tertiary; 4) the fold belt ends on the northeast in a
classic triangle zone; and 5) the fold belt roots to the west in
the Coast Belt (Evenchick, 1991a). Its scale, timing, and mag-
nitude of shortening are similar to the Foreland Fold and
Thrust Belt of the Canadian Rockies, but the style is primarily
that of a huge system of blind thrusts and related folds, proba-
bly because the stratigraphy lacks counterparts to the thick
competent Paleozoic carbonate rocks of the Cordilleran
miogeocline. Exceptions are where the fold belt involves
competent volcanic rocks of Stikinia. Northeast-trending
folds in the southwestern fold belt are interpreted to predate
northwest-trending ones, but this relative timing need not
apply throughout the fold belt (Evenchick, 2001).

Overview of geometry of folds and thrust faults and
constraints on timing and magnitude of shortening

Folds and thrust faults in Spatsizi River map area fall into two
general trends, one northwest and the other northeast. The lat-
ter occur primarily in the southwest corner of the map area,
south of Burrage Creek and west of Bell-Irving River, but
also as warps and open folds which interfere with northwest-
trending folds south of Tsatia Peak and north of Eaglenest
Creek. They are part of a suite of northeast-trending folds
which occur as large domains sporadically on the west side of
the Skeena Fold Belt (Evenchick, 2001). Northwest- to west-
northwest-trending folds and thrust faults occupy the rest of
the fold belt. Folds of both orientations are most commonly
close to tight, but warps are present, and isoclines are rare.
Folds vary widely in geometry and orientation from angular
chevron folds, to rounded folds, and upright to overturned.
Numerous photographs are used below in the description of

each area to display the wide variety of fold geometries. Most
folds in sandstone, conglomerate, and Triassic–Jurassic vol-
canic rocks are parallel, concentric folds formed mainly by
flexural slip folding. Space was accommodated by flow of
incompetent rock types (siltstone, shale, coal) into hinges.
Disharmonic folds are also common, and most large-scale
folds are somewhat noncylindrical at map scale. Most folds
plunge gently to subhorizontal; moderately plunging folds
are uncommon, and steeply plunging ones exceptionally rare.
Cleavage is parallel with the axial surfaces of folds and is
locally fanned. It varies from absent to strongly developed in
siltstone and very-fine-grained sandstone (Fig. 168). It is rare
in sandstone, and one locality was observed in conglomerate.
Fold wavelengths range from several hundred metres to 1 km
where only Bowser Lake or Sustut groups are involved, but
where Hazelton Group volcanics are involved, wavelengths
are up to several kilometres. Folds are rarely outcrop size in
any unit except the Quock Member of the Spatsizi Formation,
which is intensely folded in areas of high strain such as in the
hanging walls or footwalls of thrust faults (e.g. Fig. 169).
Thrust faults are easiest to document where hanging wall and
footwall are different map units, therefore they are mapped in
the northeast, where the Cold Fish Volcanics, Spatsizi
Formation, Bowser Lake Group, and Sustut Group are all
exposed. Hanging wall and footwall cutoffs of these units
allow construction of balanced cross-sections from which the
magnitude of shortening is estimated (Evenchick, 1991a).
Thrust faults probably exist farther south where only Bowser
Lake Group is exposed, but are difficult to recognize unless
hanging wall or footwall cutoffs are visible, because lithologies in
the units are similar. In the rare cases where fault cutoffs are
recognized, the magnitude of shortening is seldom con-
strained by local markers. Minimum estimates of shortening
where only the Bowser Lake Group is exposed are obtained
from measuring bed lengths of continuously exposed beds
(Evenchick, 1991a). Markers used are sandstone and con-
glomerate, which rarely exhibit penetrative deformation.
These estimates of shortening are a minimum because it is
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Figure 168. Typical aspect of well developed cleavage in
siltstone of the Todagin assemblage. Cleavage is steep
and bedding dips gently to the right. Photograph by
C.A. Evenchick. GSC 2003-403

Figure 169. View northwest to folds in Quock Formation in
the hanging wall of Tuaton Fault. This is the only unit that
consistently forms outcrop-scale folds near thrust faults or
other zones of high strain. Person at lower right for scale.
Photograph by C.A. Evenchick. GSC 2003-404



possible that minor penetrative deformation accounted for
some shortening, and because it is a measure of shortening for
the markers only; monoclinal panels between areas with
folded markers may conceal bedding-parallel faults.

For the purposes of description and discussion, the Skeena
Fold Belt is divided into 14 regions (Fig. 170) of broadly
similar structural style and relationships. The structures
below are discussed either because they influence the

regional distribution of map units, or illustrate the varieties of
the structural geometry, or constrain the timing and magni-
tude of shortening. The structural style is displayed in photo-
graphs, maps, and cross-sections (Fig. 171, 172, 173, on
CD-ROM). In order to illustrate the similarities and changes
along structural trend, the cross-sections are aligned where
possible so that features are above or below their on-trend
counterpart.
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Region 1. Structures between Stikine, Klappan, and
Little Klappan rivers, and the Griffith Fault

The north-central part of the map area exhibits many relation-
ships critical to interpretation of the fold belt. Major thrust
faults and folds of several kilometres wavelength are continu-
ous for 50–60 km along strike. Their extrapolation southeast
across the Griffith Fault is problematic, so the fault is a natu-
ral boundary for discussion. The northern boundary is the
limit of Skeena Fold Belt structures. Extrapolation west
across Klappan River is problematic because the large-scale
folds end to the northwest in a zone of fold interference; folds
immediately northeast of Little Klappan River are smaller
scale, and extrapolation across the wide valleys is not possi-
ble. Elements of this region significant to regional interpreta-
tions are: 1) involvement of Stikinia in contractional
deformation, 2) the presence of thrust faults, 3) evidence for
structures predating Sustut Group, 4) exposure of the entire
stratigraphic succession, and 5) plunge projection of exposed
contacts and fault cutoffs which permit construction of a bal-
anced cross-section.

Major structures which can be traced for tens of kilo-
metres across this belt are, starting in the southwest,
Denkladia Fault, Joan Lake Anticline, Eaglenest Syncline,
Mount Will Fault, Connors Anticline, Ice Box Syncline,
Nation Anticline, Mink Creek Fault, Bear Creek Anticline,
Kitchener Monocline, and the Cullivan Syncline (Fig. 170).
Eaglenest Syncline, Connors Anticline, Ice Box Syncline,
and Bear Creek Anticline are terms introduced in this report;
Kitchener Monocline was named by Eisbacher (1974b),
Cullivan Syncline by Read and Psutka (1990) for the part of
the structure in the northwesternmost Sustut Basin, and the
remaining names were introduced by Evenchick (1991a).
These features have either wavelength on the scale of kilo-
metres (in the case of folds), or displacement of more than
1 km (in the case of thrust faults).

The Denkladia Fault is exposed south of Denkladia
Mountain. It has Cold Fish Volcanics in the hanging wall and
Todagin and Muskaboo Creek assemblages of the Bowser
Lake Group in the footwall (cross-sections T-U, W-X,
Fig. 171). The distance from highest exposure of volcanic
rocks to lowest Bowser Lake Group in the footwall is 700 m.
A better estimate of minimum shortening is the 2 km from
lowest exposed Bowser Lake Group in the footwall, to the
hanging-wall cutoff of the Bowser Lake Group. The cutoff is
derived by extrapolating the base of the Bowser Lake Group
from ridges south of Denkladia Fault, across two minor steep
faults, to the projected updip continuation of the Denkladia
Fault from its exposure south of Denkladia Mountain (cross-
section T-U, Fig. 171). If the position of the base of the Bowser
Lake Group in the footwall of the fault is as shown in
cross-section T-U, offset on the fault is greater than 4 km. To
the southeast the fault is cut by the Griffith Fault, and is
assumed to have a position in Spatsizi River valley separating
Cold Fish Volcanics on the south from Bowser Lake Group
on the north. Its possible continuation to the east is discussed
in a later section. To the northwest the fault is inferred to cut
upsection laterally to a position entirely in Bowser Lake
Group. The presence of small outcrops of complexly
deformed Spatsizi Formation at creek level, west of the alpine

exposure of the fault can be explained by either a north-
side-down normal fault along the valley to drop hanging-wall
sedimentary rocks down to the valley, or a splay of the thrust
fault which entrains sedimentary rocks within the volcanic
rocks, or, as depicted on the map, as a sliver of Spatsizi
Formation in the footwall of the thrust fault.

The Joan Lake Anticline and Eaglenest Syncline are
large-scale folds which change geometry to the northwest,
from southeast-plunging folds inclined to the northeast at
their east limits (Fig. 174), to upright, subhorizontal folds
where the Cold Fish Volcanics are exposed in the core of the
Joan Lake Anticline (Fig. 175), to upright, open folds north-
west of Waterfall Creek, to overturned to the northeast near
Klappan River (Fig. 171, sections W-X, T-U, O-P, F-I, A-B).
The folds increase in wavelength to the northwest. Northwest
of Gladys Fault, the north limb of the Eaglenest Syncline
includes several smaller scale folds steeply inclined and over-
turned to the northeast (Fig. 41), some of which are associated
with the Mount Will Fault. Parasitic folds on the limbs of the
Eaglenest Syncline and Joan Lake Anticline are hundreds of
metres in wavelength (e.g. Fig. 176, 177).

The Mount Will Fault is a thrust fault best exposed on the
southeast-facing slope 7 km south-southwest of Gladys Lake,
where it has Spatsizi Formation in the footwall, and tightly
folded and overturned Cold Fish Volcanics and Spatsizi
Formation in the hanging wall (Fig. 178; cross-section G-H,
Fig. 171). Minimum displacement on the fault at this place is
estimated from the minimum possible positions of hanging
wall and footwall cutoffs of the Spatsizi Formation. The same
folds and thrust fault can be traced southeast for 5 km, and are
then offset by a normal fault. Northwest of the Gladys Fault,
the Mount Will Fault cuts upsection laterally, and is the fault
with hanging-wall folds and cutoffs in Spatsizi Formation,
well exposed on the ridge 8 km west-northwest of Mount Will
(Fig. 179, cross-section G-H, Fig. 171). The fault is on the
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Figure 174. View west along Eaglenest Syncline south of Will
Creek. This part of the syncline, 3 km northwest of Denkladia
Mountain, has a steep to overturned south limb. Resistant
rocks in the core of the syncline are Eaglenest assemblage of
the Bowser Lake Group, and they overlie Muskaboo Creek
assemblage. Width of view at ridge level is about 2 km.
Photograph by C.A. Evenchick. GSC 2003-405



south limb of the Connors Anticline, the regional fold that
exposes the southernmost culmination of continuous Cold
Fish Volcanics (Fig. 180; cross-section G-H, P-Q, Fig. 171).
Connors Anticline is not exposed in the valley south of Nation
Peak, but is inferred to continue northwest to the region north
of Eaglenest Creek because of its position south of Ice Box
Syncline. Alternatively, the fold could die out to the north-
west, and shortening transferred to an en echelon fold (the
fold north of Eaglenest Creek).

The steep north limb of the Ice Box Syncline (Fig. 69,
cross-section B-C, Fig. 171) is the northern limit of continu-
ous Bowser Lake Group and Spatsizi Formation. Near the
southeastern limit of the syncline, it is bounded on the north

by the Nation Anticline, which is in continuous outcrop of
Cold Fish Volcanics. The anticline is best exposed in the
vicinity of Nation Peak, where volcanic stratigraphy outlines
an anticlinal structure with associated folds and thrust faults
(Fig. 181); the structure is not clearly defined beyond the
major valleys bounding this range. Outcrop of volcanic rocks
terminates to the northeast in Cold Fish valley, presumably
against the Cold Fish Fault.

The Mink Creek Fault is a thrust fault which is best
exposed on the ridge 11 km south-southwest of Mount Skady.
At this place the fault is steep, has Bowser Lake Group in the
hanging wall, and Tango Creek Formation, with numerous
tight, locally overturned and northeast-verging folds, in the
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Figure 178. View northwest of Mount Will Fault with Cold
Fish Volcanics in the hanging wall, and Spatsizi Formation in
the footwall. Width of view is about 1.5 km, about 4 km south-
west of Mount Will. Photograph by C.A. Evenchick.
GSC 2003-409
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Figure 175. View west to Cold Fish Volcanics in the core of
Joan Lake Anticline, overlain by Spatsizi Formation and
Bowser Lake Group. Width of view about 5 km. Photograph
by C.A. Evenchick. GSC 2003-406

Conglomerate

Figure 176. Parasitic folds in Todagin assemblage on south
limb of Joan Lake Anticline, immediately south of the hinge
area. View east, 4 km east-southeast of Joan Lake. Width of
view in foreground is about 1 km. Note the smaller scale of
folds in the siltstone–fine-grained sandstone, compared to
the resistant sheet of conglomerate, and the disharmony
between folds in the two rock types. Photograph by
C.A. Evenchick. GSC 2003-407

Figure 177. View west to parasitic folds on north limb of the
Joan Lake Anticline 3 km northwest of Joan Lake. Resistant
beds are conglomerate at the base of the Bowser Lake Group.
Width of view at foreground is 800 m. Photograph by
C.A. Evenchick. GSC 2003-408



footwall (Fig. 171, cross-section AA-BB; Fig. 182). It is
inferred to be folded around the Bear Creek Anticline to
account for the klippe of Bowser Lake Group on the high
point 5 km southwest of Mount Skady, as shown in cross-
section CC-EE ( Fig. 172). No Bowser Lake Group appears
northeast of the klippe. For this reason, hanging-wall cutoff
of the Bowser Lake Group must be between the klippe and the
south slope of Mount Skady, and the fault is inferred to be
entirely in Tango Creek Formation below Mount Skady. The
distance from the hanging-wall cutoff to the lowest exposures
of Tango Creek Formation in the footwall of the steep part of
the fault is the minimum fault displacement, i.e. 6 km. Tango
Creek Formation in the valley between the klippe and Mount
Skady include recumbent folds and gently dipping thrust

faults, an indication of proximity to a gently dipping, high-
strain zone. The Bear Creek Anticline is defined by the folded
fault, and, along trend to the northeast, by the major anticline
north of Mink Creek and west of Spatsizi River. In the inter-
pretation shown in cross-section I-J, Bowser Lake Group
west of Spatsizi River is in the hanging wall of the Mink
Creek Fault; a northwest plunge of 7° on the Bear Creek
Anticline is required for the trace of the fault to be in the val-
ley (as shown on Map 2030A). Bowser Lake Group west of
Spatsizi River, and on the ridge 12.5 km south-southwest of
Mount Skady (cross-section AA-BB, Fig. 171), is overlain in
angular unconformity by Tango Creek Formation. Distribu-
tion of folds in Bowser Lake Group relative to the uncon-
formity west of Spatsizi River strongly suggests that the
unconformity transects folds (cross-section I-J, Fig. 171), and
provides evidence for folding of the Bowser Lake Group pre-
dating Sustut Group. In this area the base of the Tango Creek
Formation is Barremian or Albian (Appendix 1).

West of Spatsizi River, on the north limb of the Bear Creek
Anticline, Tango Creek Formation overlying the Bowser Lake
Group is steeply dipping with tight upright and northeast-
verging folds for 3 km northeast of the contact (cross-section
I-J, Fig. 171). Farther northeast, Tango Creek Formation dips
consistently moderately to the northeast. The upper Tango
Creek Formation and lower Brothers Peak Formation form a
continuous monocline (Kitchener Monocline) on the south-
west side of an open inclined syncline (Cullivan Syncline;
cross-section I-K, Fig. 171). The Kitchener Monocline and
Cullivan Syncline can be traced for about 150 km to the
southeast and 40 km to the northwest (see Evenchick, 1991a;
Eisbacher, 1974b). The southwest limb dips 20–50°E, and
northeast limb is subhorizontal, having local minor warps.
Farther northeast the Sustut Group overlies different units of
Stikinia along a subhorizontal to gently southwest-dipping
unconformity (cross-section D-E, I-L, Fig. 171). The
Cullivan Syncline appears to mark the front of Skeena Fold
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Mount Will Fault

Figure 179. Folds and hanging-wall cutoff of Spatsizi
Formation in hanging wall of Mount Will Fault. View north-
west, width of view in foreground is 1 km. Eight kilometres
west-northwest of Mount Wil l . Photograph by
C.A. Evenchick. GSC 2003-410

Mount Will

Spatsizi
Formation

Cold Fish
Volcanics

Cold Fish
Volcanics

Cold Fish
Volcanics

Connors
Anticline

Mount WillFault

Figure 180. View east of Cold Fish Volcanics on south flank of Connors Anticline. Mount Will Fault is
below cliff of Cold Fish Volcanics at right; Spatsizi Formation occupies the low area. Mount Will is the high
point at left. This photograph shows the common style of tight folds in the immediate hanging wall of the
Mount Will Fault, and the more open folds of the Connors Anticline. Dashed line between two Cold Fish
Volcanics labels is a bedding form line. Width of view is 4 km. Photograph by C.A. Evenchick.
GSC 2003-411



Belt deformation, although it is possible that a flat thrust fault
is entirely within Stikinia strata and surfaces to the northeast
without disrupting Sustut Group northeast of the Cullivan
Syncline. Given the great length and width of nearly flat
rocks, this option is considered to be highly unlikely. Inter-
pretation that no thrust faults underlie the flat domain is criti-
cal in construction of the balanced cross-section because it
provides a fixed ‘pin’ from which to measure shortening in
the fold belt (Evenchick, 1991a). The monocline is inter-
preted as the roof of a classic triangle zone (Evenchick,
1991a) similar to those found at the front of many thrust belts,
and as expressed in cross-section I-K.

Fold interference is relatively minor in the region dis-
cussed above. North of the confluence of Eaglenest Creek and
Klappan River, two northeast-trending folds interfere with

the northwest-trending folds. This anticline and syncline pair,
inclined to the southeast, has a moderately southeast-dipping
limb between two subhorizontal limbs. Interference of the
moderately dipping limb with the northwest-trending folds
results in a northeast-trending zone, 4 km wide, where north-
west-trending folds plunge up to 45° to the southeast. Other
northeast-trending folds are on the plateau southwest of
Gladys Lake. They are warps with an interlimb angle of about
170°. Elsewhere, variations in plunge of northwest-trending
structures, which are everywhere gentle (with the one excep-
tion noted above), do not define northeast-trending folds.
Instead, gentle plunge in one direction is commonly in the
other direction on the neighbouring fold. For this reason, the
changes in plunge in this region are considered to be a result
of variations in shortening along the fold axis or underlying
fault, rather than fold interference. Where volcanic rocks are
exposed, the apparent plunge may also reflect primary strati-
graphic thickness variations and paleotopography. An exam-
ple is in the core of the Joan Lake Anticline, where the
northwest extent of Cold Fish Volcanics appear to plunge
moderately northwest, but nearby folds have subhorizontal
plunge. The Spatsizi Formation thickens significantly north-
west of this area, suggesting that the volcanic rocks to the
southeast formed a topographic high, and that the primary
contact between the volcanic rocks and Spatsizi Formation
dipped westerly or northwesterly. This may also account for
apparent northwest plunge of the Connors Anticline near
Connors Creek.

Southwest of the Denkladia Fault and Joan Lake
Anticline, the scale of folds gradually decreases southwest-
ward over a distance of 5–10 km. To the south, the region is
characterized by tight, upright to moderately northeast-
inclined folds, locally cut by faults on limbs (Fig. 171, cross-
section F-G, M-N, R-S; Fig. 43, 183, 184, 185, 186). Wave-
lengths range from 100 m to 1 km. Folds can rarely be traced
for more than 5 km along trend because they are too numerous
and too short in wavelength for individual axial-surface
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Nation  AnticlineNation  Anticline

Figure 181. Northwest view along Nation Anticline, showing
broad anticlinal structure defined by units in the Cold Fish
Volcanics. Width of view at second ridge is 2 km. Nation Peak
is the high point at left. Photograph by C.A. Evenchick.
GSC 2003-412

Figure 182. View southeast of folded Tango Creek Formation
in immediate footwall of Mink Creek Fault, 11 km south of
Mount Skady. Width of view is about 1 km, and the fault is at
the right side of the photograph. Photograph by
C.A. Evenchick. GSC 2003-413

Figure 183. Tight folds overturned to northeast in Skelhorne
assemblage. View northwest, ridge west of Conglomerate
Creek. Width of view is 1 km. The scale of folds is typical of
this belt north of Klappan River. Photograph by
C.A. Evenchick. GSC 2003-414



traces to be recognized across the valleys that transect the
structural grain. Exposure does not permit construction of a
cross-section in which single markers can be traced for great
distance, but examination of folds in the photographs and
cross-sections listed above indicate that folds and faults
accommodated at least 50% shortening across this belt, and
probably considerably more. For example, as shown at the
southwest limit of cross-section M-N, the folded conglomer-
ate in Figure 184 has a bed length of 2450 m, which has been
shortened to 1040 m, or 42% of its original length (58% short-
ening). The amount of shortening accommodated by thrust
faults in this region is unknown.

Summary of interpretations and regional significance

The following conclusions regarding the fold belt can be
made from the geometries and relationships noted above.

1) Volcanic strata underlying the Bowser Lake Group
(and Spatsizi Formation) are intimately involved in
contractional deformation, including thrust faults; 2) strati-
graphic contacts between the Sustut Group and Cold Fish
Volcanics in the northwest, with no intervening Bowser Lake
Group, requires that there was uplift and erosion of the Bowser
Lake Group and volcanic rocks in latest Jurassic or Early
Cretaceous time; 3) overlap of folds in the Bowser Lake
Group by basal Tango Creek Formation at two localities in
Mink Creek thrust sheet demonstrate folding predating Sustut
Group (i.e. pre-Albian); 4) folding of youngest Brothers Peak
Formation demonstrates post-early Maastrichtian folding;
5) from the last three points, folding was pre-Barremian or
Albian time, post-Albian, and post-early Maastrichtian;
6) constraints imposed by the geometries of the structures
were used to construct a balanced cross-section, the details of
which are described by Evenchick (1991a); 7) from this
construction, the magnitude of pre-Albian (predating
Tango Creek Formation) shortening on thrust faults
expressed by the cross-section F-L, is 20 km or 36%
(Evenchick, 1991a); 8) the scale of folds in the vicinity of
Cold Fish Volcanics, with wavelengths up to several kilometres,
contrasts strongly with the scale of folds in the Bowser Lake
Group distant from volcanic outcrops, which is commonly in
the order of hundreds of metres up to 1 km (see Fig. 171). The
last point highlights how the style of deformation in the volcanic
units influences the style of folding and distribution of the
Bowser Lake Group and Spatsizi Formation. Thick, compe-
tent thrust sheets of volcanic rock are inferred to form large,
fault-bend folds above footwall and hanging-wall ramps. The
resulting broad scale of folds in the volcanic rocks determines
the scale of folds in immediately overlying strata. This influ-
ence dissipates at structurally higher levels as fault-
propagation folds within thinly layered successions (Bowser
Lake Group and Tango Creek Formation) become dominant.
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Conglomerate

Coal

Figure 184. Tightly folded conglomerate, sandstone, and
coal of the Skelhorne assemblage west of Butler Creek. Thick
resistant units are conglomerate. Coal is most obvious as
black talus in the drainage at right, and on the slopes to the
right of the lake in the foreground. Width of view is about
1.5 km at the ridge. Photograph by C.A. Evenchick.
GSC 2003-415

Figure 185. Folds and faults in Skelhorne assemblage. View
southeast, ridge west of Conglomerate Creek. Heavy dashed
lines are faults. Width of view is 1 km. Photograph by
C.A. Evenchick. GSC 2003-416

Figure 186. Northeast-verging folds and thrust fault in
Skelhorne assemblage 7 km south of the confluence of Tsetia
and Waterfall creeks. View west; width of view in foreground
about 1 km. Photograph by C.A. Evenchick. GSC 2003-417



Region 2. Structures between the Griffith Fault and the
eastern map boundary

Many of the structural geometries and relationships described
above are present southeast of Griffith Fault, but in general
the area southeast of the fault exposes a higher structural
level, and in doing so, reveals additional significant relation-
ships. Dip-slip faults and plunging folds provide structural
relief, which facilitates construction of a composite cross-
section that compliments cross-sections northwest of Griffith
Fault. The major structures are the Tuaton Fault, Bowsprit
Fault, Crescent Fault, Sunday Pass Fault, Spatsizi Fault,
Kitchener Monocline, and Cullivan Syncline (all terms not
discussed earlier were introduced by Evenchick (1991a)).
The overall geometry and map distribution are best under-
stood beginning in the southeast, at the highest structural
level and most simple geometry.

The Tuaton Fault is a thrust fault with Spatsizi Formation
in the hanging wall and Todagin assemblage of the Bowser
Lake Group in the footwall (Fig. 172, cross-section
DDD-FFF). Minimum offset is 1 km, based on at least that
amount of overlap of Spatsizi Formation on Bowser Lake
Group. To the northwest, the fault cuts upsection and is
entirely in Bowser Lake Group, but cannot be identified with-
out stratigraphic markers. To the southeast, the fault is
assumed to also cut upsection into Bowser Lake Group
because no Spatsizi Formation is found on ridges 8 km to the
southeast (Evenchick, 1992).

Farther north, in the vicinity of Bowsprit Mountain, bed-
ding in Bowser Lake Group defines large-scale folds
(Fig. 172, cross-section BBB-CCC). These include a fold
several kilometres in wavelength of Bowser Lake Group and
Tango Creek Formation in the hanging wall of the Bowsprit
Fault. The thrust fault has tightly folded Tango Creek Formation
in its footwall. Two kilometres northwest of cross-section
BBB-CCC, the basal Tango Creek Formation in the hanging
wall of the Bowprit Fault is 200 m from the fault, indicating
that the hanging-wall cutoff of the contact is not far above the
erosion level. Minimum displacement on the fault is esti-
mated from the distance between the projected position of the
hanging wall cutoff of the basal contact of the Tango Creek
Formation and the projection of southernmost exposed Tango
Creek Formation in the footwall, a distance of about 2.8 km.
The fault is depicted as dipping gently south because bedding
is gentle south of the large-scale folds near the fault. Farther
south, near Tuaton Peak, bedding orientations are highly vari-
able, and the structure is likely more complex. North of
Bowsprit Fault, in its footwall, folds in Tango Creek Formation
are tight and complex. In a distance of 1000–500 m from the
fault trace to basal Brothers Peak Formation, dips in Tango
Creek Formation change from vertical to consistently northeast,
and conformable with overlying Brothers Peak Formation
(cross-section BBB-CCC). The Kitchener Monocline dips
consistently 20–30° northeast, with the change to subhori-
zontal bedding marking the Cullivan Syncline.

Northwest plunge of the folded Bowsprit Fault and over-
lying basal Sustut Group unconformity, combined with
300 m west-side-down displacement on the Ross Fault, low-
ers the unconformity northwestward so that Tango Creek

Formation occupies all ridges in the range northwest of the
Ross Fault. The basal Sustut Group unconformity is exposed at
1900 m on the south slope of the range (Fig. 172, cross-section
TT-UU). The major differences in structural geometry
between the two areas are that the large open folds in the
hanging wall of the Bowsprit Fault (cross-section BBB-CCC)
are replaced by warps northwest of Ross Fault (cross-section
TT-UU), and steeply dipping, tightly folded Tango Creek
Formation underlies a larger area in cross-section TT-UU.
This may be explained by development in the northwest area
of more faults and thickening in the triangle zone, so that the
northeast-dipping roof of the triangle zone, and the basal
Brothers Peak Formation contact, is raised to a higher posi-
tion. The Bowsprit Fault may be expressed as one, or some, of
the many faults in the triangle zone of cross-section TT-UU.
The major syncline in the immediate hanging wall of the
Bowsprit Fault in cross-section BBB-CCC is on trend with
the change from a southern area of subhorizontal dips, to the
zone of steep dips and tight folds in cross-section TT-UU.

Cross-section NN-OO (Fig. 172) near the head of Garden
Creek, Sunday Pass, and Crescent Mountain does not repre-
sent a simple continuation of the structures described above.
The base of the Tango Creek Formation is exposed nearly
continuously around a southeast-plunging, open anticline,
and has different units immediately below the unconformity
which provide insight to early-formed contractional struc-
tures. Palynomorphs from about 50 m above the uncon-
formity in this area are late Albian to Cenomanian (Appendix 1).
Restoration of steep, dip-slip faults postdating Tango Creek
Formation illustrates the geometry of structures predating the
formation (Fig. 187). East of Buckinghorse Fault, in a posi-
tion northwest of cross-section NN-OO, is a thrust fault with
Stuhini or Hazelton group volcanic rocks in hanging wall and
Bowser Lake Group in footwall (see Map 2032A). This fault
has the same hanging wall and footwall relationships, and is
in roughly the appropriate on-trend position, as the Denkladia
Fault, offset by the Griffith and Buckinghorse faults, and is
therefore tentatively interpreted to be the Denkladia Fault.
This fault, also offset vertically by the Sloughgrass Fault,
accommodated a minimum of 1 km of thrust fault displace-
ment, as indicated by the amount of overlap of Bowser Lake
Group by older volcanic rocks (Fig. 187). The possible exten-
sion of the Denkladia Fault is overlain stratigraphically by
basal Sustut Group. To the northeast, across another steep
fault, the Sunday Pass Fault, has a hanging wall of intensely
folded Spatsizi Formation and footwall of Bowser Lake
Group. Abrupt changes in thickness of the Sunday Pass thrust
sheet across steep faults (Fig. 187) reflect offset of the thrust
sheet on steep faults predating Tango Creek deposition, fol-
lowed by erosion to preserve different thicknesses of the
hanging wall. The steep faults had early senses of displace-
ment (southwest-side-up) opposite to their displacement that
is recorded by offset of the Tango Creek Formation. The ear-
lier steep faults may have been splays of underlying thrust
faults, or may have been extensional structures. Based on
overlap of Spatsizi Formation on Bowser Lake Group, the
Sunday Pass Fault accommodated a minimum of 2.4 km of
displacement prior to deposition of Tango Creek Formation
(Fig. 187). The (?)Denkladia Fault may be the same fault as
the Sunday Pass Fault, as shown by the restoration of the

160



161

R
es

to
ra

tio
n 

of
 D

en
kl

ad
ia

 a
nd

 S
un

da
y 

P
as

s 
fa

ul
ts

.
N

ot
e 

th
at

 th
e 

pr
im

ar
y 

th
ic

kn
es

s 
of

 S
pa

ts
iz

i
F

or
m

at
io

n 
th

in
s 

ea
st

w
ar

d 
to

 z
er

o,
 a

s 
re

qu
ire

d 
by

its
 a

bs
en

ce
 in

 th
e 

ha
ng

in
g 

w
al

l o
f S

pa
ts

iz
i F

au
lt

in
 (

a)
 a

bo
ve

.
T

he
 fo

rm
at

io
n 

is
 a

ls
o 

th
ic

ke
ne

d
st

ru
ct

ur
al

ly
 in

 th
e 

ha
ng

in
g 

w
al

l o
f S

un
da

y 
P

as
s

Fa
ul

t.
T

he
 fa

ci
es

 b
ou

nd
ar

y 
be

tw
ee

n
To

da
gi

n 
an

d
E

ag
le

ne
st

 a
ss

em
bl

ag
es

 o
f t

he
 B

ow
se

r 
La

ke
G

ro
up

 is
 s

ho
w

n 
as

 b
ei

ng
 c

ro
ss

ed
 b

y 
th

e
D

en
kl

ad
ia

 F
au

lt 
to

 a
cc

ou
nt

 fo
r 

th
e 

pr
es

en
ce

 o
f

E
ag

le
ne

st
 a

ss
em

bl
ag

e 
on

ly
 in

 th
e 

w
es

te
rn

m
os

t
fo

ot
w

al
l o

f t
he

 fa
ul

t.

S
W N
N

N
N 20

00

40
00

0

10
00

20
00

40
00

40
00

0

10
00

O
O

O
O

Sloughgrass
Fault

Sloughgrass
Fault

Sloughgrass
Fault

Sloughgrass
Fault

Buckinghorse
Fault

BB
TT

JJ

H
S

H
S

uu
JJ H

S
H

S
uu

JJ

H
S

u
J

H
S

H
S

uu
JJ

BB
TT

JJ BB
TT

JJ
BB

TT
JJ

BB
TT

JJ

B
T

J

BB
TT

JJ

BB
TT

JJBB
TT

JJBB
TT

JJ
BB

EE
JJ BB

EE
JJ BB

EE
JJ

BB
EE

JJ

TCTC
KK

TC
K

BP
K

TCTC
KK

TCTC
KK

TCTC
KK

TCTC
KK

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

=
Ju

S
pa

ts
iz

iF
au

lt
S

pa
ts

iz
iF

au
lt

S
pa

ts
iz

iF
au

lt

F
ut

ur
e

S
pa

ts
iz

iF
au

lt
F

ut
ur

e
S

pa
ts

iz
iF

au
lt

F
ut

ur
e

S
pa

ts
iz

iF
au

lt

S
un

da
y 

Pa
ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t

S
un

da
y 

Pa
ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t

S
un

da
y 

Pa
ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t
S

un
da

y 
Pa

ss

Fa
ul

t

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

Denkladia Fault (
?)

C
re

sc
en

t F
au

lt

C
re

sc
en

t F
au

lt

Fu
tu

re
 C

re
sc

en
t

Fa
ul

t
Fu

tu
re

 C
re

sc
en

t

Fa
ul

t
Fu

tu
re

 C
re

sc
en

t

Fa
ul

t

F
ut

ur
e 

D
en

kl
ad

ia
 a

nd
 S

un
da

y 
P

as
s 

fa
ul

ts
F

ut
ur

e 
D

en
kl

ad
ia

 a
nd

 S
un

da
y 

P
as

s 
fa

ul
ts

In
fe

rr
ed

 c
on

ta
ct

 b
et

w
ee

n
Tr

ia
ss

ic
-J

ur
as

si
c 

vo
lc

an
ic

 r
oc

ks
an

d 
S

pa
ts

iz
i F

or
m

at
io

n,
 c

ut
of

f
in

 th
e 

ha
ng

in
g 

w
al

l o
f D

en
kl

ad
ia

Fa
ul

t p
rio

r 
to

 d
ep

os
iti

on
 o

f t
he

S
us

tu
t G

ro
up

.

In
fe

rr
ed

 s
tr

at
ig

ra
ph

ic
 c

on
ta

ct
 b

et
w

ee
n 

S
pa

ts
iz

i F
or

m
at

io
n

an
d 

B
ow

se
r 

La
ke

 G
ro

up
, s

ho
w

in
g 

th
e 

po
si

tio
n 

of
 th

e
ha

ng
in

g 
w

al
l c

ut
of

f t
ha

t r
eq

ui
re

s 
th

e 
le

as
t d

is
pl

ac
em

en
t

(4
.3

 k
m

) 
on

 th
e 

D
en

kl
ad

ia
–S

un
da

y 
P

as
s 

fa
ul

t.

R
es

to
ra

tio
n 

of
 p

re
-T

an
go

 C
re

ek
F

or
m

at
io

n 
st

ee
p 

fa
ul

ts
.

R
es

to
ra

tio
n 

of
 s

te
ep

,
fa

ul
ts

.
po

st
 b

as
al

Ta
ng

o 
C

re
ek

 F
or

m
at

io
n

P
re

se
nt

.

BB
SS

JKJK

B
ro

th
er

s 
P

ea
k 

F
or

m
at

io
n

Ta
ng

o 
C

re
ek

 F
or

m
at

io
n

S
pa

ts
iz

i F
or

m
at

io
n

BB
EE

JJ BB
TT

JJ H
S

H
S

uu
JJ

TCTC
KK

BPBP
KK

m
   

  f
t BB

SS
JKJK

E
le

va
tio

n

m
   

  f
t

E
le

va
tio

n

=
Ju

d
)

c)b
)

a)

Fa
ci

es
 b

ou
nd

ar
y

Fa
ci

es
 b

ou
nd

ar
y

Fa
ci

es
 b

ou
nd

ar
y

=
Ju

=
Ju

JJH
S

H
S

uu

=
Ju

=
Ju

B
ow

se
r 

La
ke

 G
ro

up
S

ke
lh

or
ne

 a
ss

em
bl

ag
e

E
ag

le
ne

st
 a

ss
em

bl
ag

e
To

da
gi

n 
as

se
m

bl
ag

e

U
nd

iv
id

ed
Tr

ia
ss

ic
 a

nd
Ju

ra
ss

ic
 v

ol
ca

ni
c 

an
d

se
di

m
en

ta
ry

 r
oc

k

Fa
ul

t

R
es

to
re

d 
fa

ul
t

F
ig

ur
e

18
7.

R
es

to
ra

ti
on

of
di

p-
sl

ip
fa

ul
ts

ne
ar

Su
nd

ay
P

as
s

(c
ro

ss
-s

ec
ti

on
N

N
-O

O
)

to
il

lu
st

ra
te

th
e

re
la

ti
on

sh
ip

s
of

un
it

s
im

m
ed

ia
te

ly
be

lo
w

th
e

ba
sa

l
Su

st
ut

G
ro

up
un

co
nf

or
m

it
y.

N
o

ve
rt

ic
al

ex
ag

ge
ra

ti
on

.



steep faults in Figure 187. If this is the case, the minimum dis-
placement on the Denkladia–Sunday Pass thrust fault is
4.3 km (Fig. 187d). Stratigraphic overlap of (?)Denkladia and
Sunday Pass thrust faults by the Tango Creek Formation pro-
vide the most clear evidence for contractional deformation
predating Sustut Group (pre-late Albian to Cenomanian at
this location) in the Skeena Fold Belt.

The only feature in cross-section NN-OO that can be
found to the southeast is the basal Sustut Group contact,
which is assumed to be in the same major thrust sheet as the
contact farther southeast (sections TT-UU and BBB-CCC)
because there are no other structures or intervening units.
Only Bowser Lake Group is exposed beneath the uncon-
formity in cross-sections southeast of NN-OO, and this dif-
ference is interpreted to be a result of structural relief
underlying Sustut Group produced during the deformation
predating Sustut Group (as described above).

The Spatsizi Fault postdates deposition of at least the
lower Tango Creek Formation and is folded around a south-
east-plunging, open anticline defined by the position of the
basal Sustut Group unconformity. The thrust fault has Bowser
Lake Group and slivers of Triassic–Jurassic volcanic rocks in
the immediate hanging wall and Tango Creek Formation in
the footwall (cross section NN-OO). Hanging-wall cutoff of
the Bowser Lake Group–Tango Creek Formation contact, and
overlap of Bowser Lake Group and the volcanic rocks on Tango
Creek Formation constrain offset on the fault to at least 4 km
(cross section NN-OO). The hanging-wall cutoff of Bowser
Lake Group against the Spatsizi Fault is in a zone of steep to
overturned bedding within the triangle zone. Northeast of the
cutoff, bedding dips become gentle to the northeast. Struc-
turally above the Spatsizi Fault, the gently northeast-dipping
zone includes a rotated, northeast-vergent thrust fault which
dips northeast (Fig. 188 and cross section NN-OO). The
uppermost fault in the triangle zone dips northeast, but is
southwest vergent (cross-section NN-OO). Above this highest
fault, Tango Creek Formation and Brothers Peak Formation
dip consistently northeast (Fig. 188) and constitute the
Kitchener Monocline. Farther northeast the change to
subhorizontal dips defines the Cullivan Syncline (cross
section NN-PP).

Four kilometres northwest of cross-section NN-OO,
klippen of Triassic–Jurassic volcanic rocks in the hanging
wall of the Spatsizi Fault overlie overturned folds of Tango
Creek Formation in the footwall (Fig. 189). The southwest
change to steep fault dip observed at this location is depicted
as the ramp in cross-section NN-OO. On the next ridge north-
west, the fault has thin slivers of Triassic–Jurassic volcanic
rocks only on the lower slopes at its westernmost extent, and
elsewhere is overlain by complexly deformed Bowser Lake
Group. The distribution of units indicates that the Spatsizi
Fault cuts up- and downsection laterally near the Bowser
Lake Group–volcanic contact, to sporadically include slivers
of the volcanic rocks (see Map 2032A). Deformation predat-
ing Sustut Group could have resulted in structural relief on the
Bowser Lake Group–volcanic contact, that was subsequently
carried by the Spatsizi Fault. A northeast-trending, steep,
dip-slip fault offsets the base of the Bowser Lake Group by
about 150 m near the head of Griffith Creek, and marks a pro-

found and enigmatic change in the distribution of map
units below the Bowser Lake Group. On the southeast
(cross-section NN-OO), as described above, Triassic–
Jurassic volcanic rocks in the hanging wall of the Spatsizi
Fault are sporadic, and less than 100 m thick, and Bowser
Lake Group is thick. On the northwest side of the fault (sec-
tion GG-HH), however, the Bowser Lake Group is under-
lain by a structural thickness of Triassic–Jurassic volcanic
rocks of at least 650 m. Other features northwest of the
steep fault include structural overlap of Triassic–Jurassic
volcanic rocks on Tango Creek Formation on the south-
west-facing slope northeast of Griffith Creek, and a
subhorizontal fault at the top of the same peak that is
entirely within the Tango Creek Formation. This fault has a
large recumbent fold in the hanging wall (Fig. 190; section
GG-HH), and is assumed to be continuous with the fault car-
rying the volcanic rocks on the slope to the south. If this is
the case, the thrust fault must cut through Bowser Lake
Group quickly as shown in cross-section GG-HH for both
hanging wall and footwall to be in Tango Creek Formation on
the peak with the recumbent fold. Alternatively, the recum-
bent fold may be in the footwall of the fault carrying the vol-
canic rocks. Thinning of Bowser Lake Group may have been
accommodated by uplift and erosion predating the Sustut
Group as is apparent below the basal Sustut Group in
cross-section NN-OO. If the thrust fault carrying the volcanic
rocks is the Spatsizi Fault, the Spatsizi Fault must cut
downsection rapidly to the southwest, below the level of
exposure in section NN-OO, to account for the large thick-
ness of volcanic rocks in its hanging wall in cross-section
GG-HH. The ramp of the Spatsizi Fault in cross-section
GG-HH must be at least 650 m high to account for the thick-
ness of volcanic rocks. Alternative explanations to rationalize
the structural geometry of cross-section GG-HH with
NN-OO are that the northeast-trending normal fault has sig-
nificant displacement, and the southeast (cross-section
NN-OO) and northwest (cross-section GG-HH) sides are
entirely different thrust sheets. This explanation is ruled out
because Bowser Lake Group at the southwest part of the fault
is offset a maximum of 150 m. A northwest-trending fault
which offsets the Spatsizi Fault approximately 150 m on the
southeast side of the northeast-trending fault, may intersect
the latter fault and continue to the northwest to account for
some of complexity described above.

A remaining problem is reconciliation of structures across
the Griffith Fault. The only feature which is clearly common
to both sides of the fault is the panel of steeply dipping, Trias-
sic volcanic and clastic rocks. This panel, and the lack of other
features common to both sides, indicates that displacement
on the fault is at least the height of the panels of steeply dip-
ping rock, or 650 m. As discussed in an earlier section, the
Griffith Fault had southeast-side-down displacement, there-
fore cross-sections on its southeast side (FF-II and NN-OO)
represent a higher structural level than those on its northwest
(cross-section Y-BB). Accordingly, Tango Creek Formation
southeast of the Griffith Fault has to be above Bowser Lake
Group northwest of the fault. For these reasons, the relation-
ships in cross-section Y-BB are placed along trend, and
below Spatsizi Fault in cross-section NN-OO, to construct a
composite cross-section. Correspondence of the steeply dipping
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Recumbent folds

b)

Figure 188. a) View southeast to triangle zone southeast of
Garden Creek in cross-section NN-OO. Tango Creek Forma-
tion on right dips gently northeast and is folded. A north-
east-dipping fault is evident from hanging-wall cutoffs near
the centre of photograph. The fault cuts upsection to the left
(northeast) and is associated with b) east-vergent folds. Both
these relationships illustrate that although the fault dips
northeast, it is a northeast-vergent thrust fault. The fault con-
tinues down to the northeast, cutting upsection below a zone
of tight folding in the core of a large anticline, c) and does not
surface to the east. The fault must loose displacement to the
northeast, and this (fault propagation) fold is where some dis-
placement is accommodated. Structurally above the large
anticline, Tango Creek Formation dips consistently north-
east (see left side of a) except where it is folded in the hanging
wall of a southwest-vergent thrust fault (hidden from view);
these are the highest fault and fold in the triangle zone. Above
the fault, Tango Creek Formation dips consistently northeast
and is conformably overlain by Brothers Peak Formation
which defines the Kitchener Monocline (left side of a).
Photographs a, b, c by C.A. Evenchick. GSC 2003-418,
GSC 2003-419, GSC 2003-420, respectively

NE SW
Brothers Peak Formation

Tango Creek Formation

Figure 188b
Figure 188c

a)

c)



thrust ramp of the Spatsizi Fault with the steeply dipping Cold
Fish Fault may lend support for this reconstruction. If the
geology of cross-section Y-BB projects to the position
depicted in cross-section NN-OO, the Griffith Fault must
have had about 1600 m of southeast-side-down displacement,
if plunge of folds did not contribute to the drop in structural
level. Implications of this reconciliation of contractional
structures across the Griffith Fault are: 1) relief of Triassic
strata below the Bowser Lake Group unconformity on south-
east side, added to that on the northwest side, results in a
steeply dipping panel of Triassic strata with at least 1300 m of
relief prior to displacement on the Griffith Fault; 2) this steep
panel is in the hanging wall of the Spatsizi Fault (i.e. the ramp
is at least 1300 m high); 3) displacement on the Griffith Fault
is at least 650 m, and perhaps in the order of 1600 m; 4) the

Spatsizi Fault is one of the thrust faults between the Triassic
volcanic rocks and Bowser Lake Group northwest of the
Griffith Fault, and is possibly continuous with the Cold Fish
Fault; and 5) the Spatsizi Fault may join the Mink Creek Fault
at depth.

The key relationships and features in the region between
Griffith Fault and the east side of the map are: 1) the region
represents a higher structural level than northwest of the Griffith
Fault; 2) the Denkladia Fault appears to occur east and west of
Griffith and Buckinghorse faults as a thrust fault strati-
graphically overlain by Sustut Group, and is probably contin-
uous with the Sunday Pass Fault; 3) documentation of these
structures predating the Sustut Group constrains at least some
contractional deformation to prior to late Albian to
Cenomanian time; 4) deformation of this age may contribute
to some of the complex relationships associated with the
Spatsizi Fault; 5) the minimum amount of displacement on
individual thrust faults is in the order of a few kilometres on
each fault; construction of a balanced cross-section
(Evenchick, 1991a) indicates 60% shortening in the region
southeast of Griffith Creek; 6) the Spatsizi Fault is a major
feature with a large ramp through Triassic strata; and 7) the
geology southeast of Griffith Fault can be rationalized with
that northwest of the fault if it accommodated about 1600 m
of southeast-side-down displacement.

Region 3. Structures between Kluayaz Lake, Kluayetz
Creek, Griffith Fault, Crescent Mountain, Happy Lake,
and Prudential Mountain

Immediately southwest of the region described above is a
semicontinuous  belt  of  monotonous  Todagin  assemblage
lacking structural markers. Farther southwest, Muskaboo
Creek and Skelhorne assemblages comprise a northwest-
trending belt about 4 km wide that has numerous resistant
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Tango Creek Formation

Triassic-Jurassic volcanic rocks

Spatsizi Fault

Figure 189. View southeast to Spatsizi Fault with
Triassic–Jurassic volcanic rocks in the hanging wall (form-
ing one of two volcanic klippe on the ridge), and complexly
deformed Tango Creek Formation in the footwall; between
Garden Creek and Griffith Creek. Width of view is 1.7 km.
Photograph by C.A. Evenchick. GSC 2003-421

Spatsizi Fault (?)

Figure 190. View southeast to recumbent fold of Tango Creek
Formation above a thrust fault (possibly Spatsizi Fault)
within Tango Creek Formation. Width of view is about 1 km;
14 km due south of Mount Skady. Photograph by
C.A. Evenchick. GSC 2003-422

Figure 191. View northwest to steeply inclined to overturned
anticline and syncline 4 km southwest of Crescent Mountain.
Cross-section NN-OO crosses these folds 3.5 km northwest of
the folds shown in the foreground; only the anticline is shown
at the southwest end of the cross-section because the syncline
is cut out by the assumed continuation of the Bowsprit Fault.
Width of view is 4 km; Klahowya Lake in foreground. Photo-
graph by C.A. Evenchick. GSC 2003-423



sandstone and conglomerate beds defining upright and
overturned, northeast-verging, open to tight folds of about 1
km wavelength (Fig. 172, cross-sections NN-OO, QQ-SS,
YY-AAA; Fig. 191, 192, 193). One conglomerate marker
4 km from the north end of cross-section YY-AAA in
Muskaboo Creek assemblage illustrates the magnitude of
shortening in this area. The conglomerate sheet has been
shortened to almost half of its original length (3950 m short-
ened to 2100 m). Southwest of this belt with structural mark-
ers is a belt 4 km wide of Todagin assemblage in which the
structure is poorly defined, but is roughly anticlinal (cross-
sections QQ-SS, YY-AAA). Another belt of Shelhorne
assemblage farther southwest has numerous continuous con-
glomerate and sandstone markers that outline folds on all

ridges. They are close to tight, upright to steeply inclined to
the northeast, and northeast verging with wavelengths hun-
dreds of metres to 1 km (e.g. Fig. 194, 195, 196, 197). Distri-
bution of folds requires the presence of unrecognized thrust
faults (e.g. cross-section YY-AAA). South of Mount
Umbach, shortening measured by the bed length method is a
minimum of 3800 m, or 44% shortening of the original length
(cross-section YY-AAA; Fig. 194), which is typical for the
belt as shown by photographs of areas to the north (Fig. 195),
and southeast (Fig. 196, 197).

Region 4. Structures between Kluayetz Creek, Kluayaz
Lake, and Skeena River

Southwest of the domain described above, Jenkins Creek
assemblage is folded into northeast-vergent, tight folds
(Fig. 172, southwest 10 km of cross-section XX-ZZ).
Shortening across the 7 km of exposure is about 1650 m, 20%
shortening of original bed length. The enveloping surface of
folds between XX and ZZ dips gently southwest. If no large
faults exist in the valleys bounding this range, Jenkins
Creek assemblage overlies the Skelhorne assemblage north
of Kluayetz Creek, and is equivalent to the lower part of the
Gunanoot-Groundhog assemblage farther south. Wide
valleys on either side of this range, however, deter recogni-
tion of structural relationships between his area and ranges to
the northeast and southwest. Structure at the northwest end of
this region, in the vicinity of Klappan Mountain, has been
studied in detail by previous workers concerned with the
presence of significant coal seams at the Mount Klappan
(Lost Fox) prospect. Details of the structure, which includes
overturned folds and thrust faults, are illustrated by Bustin
and Moffat (1983, Fig. 16).
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Figure 192. View northwest to overturned syncline in
Muskaboo Creek assemblage 4 km north of Mount Umbach.
Width of view at ridge is 2 km; 5 km northwest of cross-section
YY-AAA. Photograph by C.A. Evenchick. GSC 2003-424

Figure 193. Oblique view southeast to syncline in Muskaboo
Creek assemblage 4 km southwest of Happy Lake. This fold is
shown in cross-section YY-AAA by form lines 6.7 km south-
west of point AAA, and above the line of section because it is
projected 1 km into the line of the cross-section. Person in
lower left of photograph for scale. Photograph by
C.A. Evenchick. GSC 2003-425

Figure 194. View northwest to folds in Skelhorne assemblage
5 km south of Mount Umbach. The conglomerate sheet above
the dashed line outlines folds depicted about 15 km southwest
of point AAA in cross-section YY-AAA. These beds are used to
estimate magnitude of shortening. Width of view is 1.7 km.
Photograph by C.A. Evenchick. GSC 2003-426



Region 5. Structures between Skeena River
and Nass River

Between Skeena River and Nass River, Gunanoot-
Groundhog assemblage and Devils Claw Formation are
folded on a range of scales, collectively defining the Biernes
Synclinorium (cross-sections III-JJJ, GGG-HHH, and
VV-WW, Fig. 172). The synclinorium is most clearly dis-
played at large scale by the presence of Devils Claw
Formation in the core of the structure. Folds in the
Groundhog-Gunanoot assemblage are hundreds of metres to
1 km wavelength. They verge northeast on the northeast side
of the synclinorium, and southwest on the southwest side
(Fig. 198, 199, 200). A prominent circular aeromagnetic
anomaly in the Nass River valley was considered to be evi-
dence of a Mesozoic volcanic basement culmination carried

by a major southwest-directed thrust fault (Moffat, 1985), or
northeast-directed thrust fault (Moffat and Bustin, 1993) in
the Nass River valley. The aeromagnetic anomaly coincides
in location and shape with outcrop of a Pleistocene basaltic
cone (Fig. 166), and therefore is most likely attributed to the
cone rather than a culmination of Mesozoic volcanic rocks;
major structures in the Nass River valley cannot be identified
with confidence. The Biernes Synclinorium is best defined by
exposure of the Devils Claw Formation, which occupies the
core of the fold. The scale of folding in Devils Claw Formation
(e.g. Fig. 136, 201), much larger than other folds in southern
Spatsizi map area, is inferred to be a result of mechanical
control by the high proportion and thickness of competent
conglomerate sheets (e.g. Fig. 129, 201). The Devils Claw
Formation has steep to overturned bedding on the southwest
side of the synclinorium, and moderate to gentle dips on
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Figure 195. View west to northwest-trending tight folds in
Skelhorne assemblage 3 km south of Mount Umbach. The
resistant units, highlighted by dashed lines, are sheets of con-
glomerate. The conglomerate sheets outline folds depicted in
cross-section YY-AAA. The folds are 2 km north-northeast of
Figure 194, and 11.5 km southwest of AAA on cross-section
YY-AAA. Width of view at foreground ridge is about 1.3 km.
Photograph by C.A. Evenchick. GSC 2003-427

Figure 197. View southeast to chevron folds defined by con-
glomerate in the Skelhorne assemblage, illustrating the
structural style and magnitude of shortening. Width of view at
ridge is 1 km; 17 km southeast of Mount Umbach. Photo-
graph by C.A. Evenchick. GSC 2003-429

Figure 196. View northwest to tight folds in Skelhorne assem-
blage 7 km southeast of Mount Umbach, illustrating the
degree of shortening in this belt. Width of view on foreground
ridge is approximately 2 km. Photograph by C.A. Evenchick.
GSC 2003-428



the northeast side (cross-sections VV-YY and GGG-HHH),
indicating northeast vergence of the large-scale structure.
Gentle southeast plunge results in northwest termination of
Devils Claw Formation north of Mount Gunanoot, and pres-
ervation of thicker Devils Claw Formation in the southeast.
The Biernes Synclinorium includes many open folds and
warps, which are probably required to accommodate space in
the core of the structure. Age of the synclinorium is
post-Albian because age of the rocks, although poorly con-
strained, are probably Albian or younger. Additional details
of the structural geometry in the northwest part of this belt are
given by Moffat (1985).

Region 6. Structures in the area bounded by Klappan
River, Sweeny Creek, Konigus Creek, and Nass River

West of the Biernes Synclinorium, the area bounded by
Klappan River, Sweeny Creek, Konigus Creek, and Nass
River (cross-sections KKK-LLL, MMM-RRR, Fig. 173) is
underlain by northwest-trending folds which plunge either
subhorizontal or gently southeast. Folds are hundreds of
metres to 1 km wavelength, and verge southwest and north-
east. At the northeast end of cross-section MMM-RRR, folds
have no consistent vergence direction, although along trend
to the southeast they locally verge northeast (e.g. Fig. 202). At
the northeast side of cross-section OOO-PPP, folds verge
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Figure 200. View northeast along folds on the northeast flank
of the Biernes Synclinorium, in Groundhog-Gunanoot
assemblage. Foreground is 5 km west-southwest of the con-
fluence of Otsi Creek and Skeena River. Width of view of fore-
ground ridge (complete to right side) is about 1 km.
Photograph by C.A. Evenchick. GSC 2003-432

?

Figure 198. View northwest to angular fold in the
Groundhog-Gunanoot assemblage flanking the southwest
side of the Biernes Synclinorium; 7.5 km west-northwest of
Mount Gunanoot. Width of view is 1.5 km. Photograph by
C.A. Evenchick. GSC 2003-430

?

Figure 199. View southeast to southwest-verging folds in
Groundhog-Gunanoot assemblage on the southwest flank of
the Biernes Synclinorium; 6 km west-northwest of Mount
Gunanoot. Width of view at foreground ridge (with folds
marked) is 1.5 km. Photograph by C.A. Evenchick.
GSC 2003-431

Biernes Synclinorium

Figure 201. View southeast along the core of the Biernes
Synclinorium. Thick conglomerate sheets are the resistant
ribs defining the structure. Note the large scale of folds rela-
tive to folds in other assemblages. Foreground prominent
syncline is 8.5 km southwest of the confluence of Porky Creek
and Skeena River. Width of view in immediate foreground is
1 km. Photograph by C.A. Evenchick. GSC 2003-433



northeast, but 5 km farther southwest they appear to verge
southwest. This change in vergence is on trend with a large,
open syncline in cross-section KKK-LLL. The northeast end
of cross-section KKK-LLL illustrates the northeast-verging
chevron folds common on the northeast side of the region
(Fig. 203). Gentle southeast plunge in this region accounts for
the appearance of nonmarine (Jenkins Creek) strata above
deltaic (Skelhorne) rocks in the southeast, and, the appear-
ance of slope (Todagin) and submarine fan (Ritchie-Alger)
facies west of the region. The change in vergence between the
northeast side of this region, and cross-section III-JJJ north-
east of Nass River, is an indication of a structural culmination
in the vicinity of the valley, but its nature and geometry are
unknown.

Region 7. Structure between Sweeny Creek and
Tumeka Lake

Between Sweeny Creek and Tumeka Lake (cross-section
SSS-TTT, Fig. 173) folds trend consistently trend northwest,
with subhorizontal or southeast plunge. They have a wide
range of forms, from chevron (Fig. 204) to rounded, and
wavelengths up to 1.5 km. The geometry of markers is not
known for a large enough distance to estimate magnitude of
shortening, but in many places folds are tight, and if the
geometry shown in cross-section SSS-TTT and Figure 204
are typical, then shortening is at least 50%.

Region 8. Structures between Konigus Creek and
Bell-Irving River

Between Konigus Creek and Bell-Irving River fold trends
range from north-northwest to north, to northeast, and rapidly
vary in form along trend. Although examined only briefly in
the southwest, bedding and axial-surface traces of this region
are well exposed (e.g. Fig. 205) and clearly displayed on air-
photos. The region includes a transition from consistent
northwest fold trends to consistent northeast fold trends, but it
is unclear how the change is accomplished (see Evenchick,
2001, Fig. 5). Fold interference is not apparent except in one
place, 13 km south of the east end of Tumeka Lake. Else-
where, fold trends are slightly arcuate, but generally consis-
tent within individual parts of the region.

Region 9. Structures south of Burrage Creek and west
of Bell-Irving River

The southwest corner of Spatsizi River map area, bounded by
Bell-Irving River and Burrage Creek, is a domain of consis-
tently northeast- to north-northeast-trending folds. They are
upright to inclined to the northwest or southeast, and plunge
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Figure 202. View southeast to northeast-verging folds in the
region flanking the Klappan River. These folds are 5.5 km
southeast of section QQQ-RRR, along trend of upright struc-
tures 6 km southwest of point RRR. Width of view at main ridge
is 1.7 km. Photograph by C.A. Evenchick. GSC 2003-434

Figure 203. View west to northeast-verging, chevron folds
flanking the southwest side of the Nass River valley, 14 km
south of Nass Lake. Note that the view is somewhat oblique to
the fold trend, exaggerating the degree to which folds are
overturned. Note disharmony of folds on the lower limb of the
rightmost syncline. Width of view at ridge about 1.5 km. Pho-
tograph by C.A. Evenchick. GSC 2003-435

Figure 204. View southeast to chevron folds in Skelhorne
assemblage; 10.5 km southwest of the confluence of Sweeny
Creek and Klappan River. Note that the axial surfaces change
southwest from vertical to gently northeast dipping. A gently
dipping detachment fault at depth is required to accommo-
date this style of folding. Width of view at foreground ridge is
about 1.8 km. Photograph by C.A. Evenchick. GSC 2003-436



gently. They are similar in scale to the northwest-trending
folds of the rest of the Skeena Fold Belt, and cleavage, as else-
where, is parallel with the axial surface. The region hosts a
wide range of fold geometries, many changes in vergence
direction, and thrust faults (e.g. Fig. 206, 207, 208). From
measurement of bed lengths in cross-section UUU-ZZZ
(Fig. 173), the strata have been shortened southeasterly from
6750 m to 5350 m, or 21%, by folding. Thrust faults are pres-
ent at the west side of the cross-section. At the north end of
this region the most laterally continuous fold can be traced
into the domain farther north, where it interferes with north-
west-trending folds.

Region 10. Structures between Burrage Creek
and Tumeka Lake

North of the region described above, the area bounded by
Burrage Creek, Chismore Creek, Tumeka Lake, and the creek
draining north into Tumeka Lake, features a continuation of
the trends and styles noted farther southeast, with common
northwest-trending folds (see Fig. 38). The structural
geometry and magnitude of shortening are poorly known
owing to the paucity of local markers. The nature of the
boundary between northwest-trending folds of this domain,
and northeast-trending folds of the domain to the south, is
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Figure 207. View north-northeast to northeast-trending,
southeast-verging, folds 23 km southwest of Tumeka Lake
(east of the head of Alger Creek). Folds are 2 km southwest of,
and on trend with, structures 3.5 km east of the west side of
cross-section UUU-ZZZ. Width of view is 1.2 km. Photo-
graph by C.A. Evenchick. GSC 2003-439

Figure 205. View northwest to northeast-verging folds in
Skelhorne assemblage. Rapid variation in form along trend,
as shown by strongly overturned folds on background ridge,
is common in this region; 3 km west of Konigus Creek at
southern map boundary. Width of view at foreground ridge is
about 800 m. Photograph by C.A. Evenchick. GSC 2003-437

Figure 206. View northeast to northeast-trending folds west
of Bell-Irving River. These folds are depicted on cross-
section YYY-ZZZ, 2.7 km from the right side; the view is some-
what oblique to the trend of the folds. Width of view is 1.3 km.
Photograph by C.A. Evenchick. GSC 2003-438

Figure 208. View northeast to structures 2 km southeast of,
and along trend with, the west side of cross-section UUU-
VVV. Here, like many parts of the Skeena Fold Belt, thrust
faults that are along bedding cannot be recognized until they
cut off beds in the footwall or hanging wall. Located 21 km
southwest of Tumeka Lake, 7 km northeast of the head of
Alger Creek. Width of view is 1 km. Photograph by
C.A. Evenchick. GSC 2003-440



unclear. The complete change occurs across a zone of no
exposure 1–4 km wide. The relatively abrupt change and one
example of fold interference rule out vertical axis rotation as a
mechanism for the change from one trend to another (see dis-
cussion in Evenchick (2001)). North of this enigmatic bound-
ary, bedding dips consistently northeast across a belt up to
8 km wide, with local southwest-verging parasitic folds. This
monocline is on the northeast side of a structural culmination,
and in one place (15 km southwest of Tumeka Lake) is
transected by a northeast-trending fold. The change in fold
trend might occur within a detachment and/or zone of com-
plex folding below the northeast-dipping monocline. The
domain of complex folds east of Bell-Irving River may repre-
sent a continuation of this transfer zone.

Region 11. Structures between Klappan and
Little Klappan rivers

Between Klappan and Little Klappan rivers most folds trend
northwest, are upright or steeply inclined to the northeast, and
are northeast verging (e.g. cross-section AAAA-FFFF). Most
folds are hundreds of metres wavelength, although some
range to 1 km. Axial surfaces can be traced for more than
5 km. The region was examined at its west and east limits.
Between these areas, conglomerate markers delineate fold
hinges and bedding trends that are well displayed on aerial
photographs. In the east, folds vary in trend from northwest to
rare west-southwest. They are open to tight, and upright or
inclined northeast. Plunge is subhorizontal or gentle to the
southeast. In the west, folds trend west-northwest, are upright
to overturned to the north-northeast, with wavelengths hun-
dreds of metres to 1 km (cross-section AAAA-FFFF;
Fig. 209). Tight folds are common, and accommodated at
least 50% shortening. A wide range of styles of upright to
overturned folds includes near isoclinal ones on the slopes
flanking Little Klappan River (e.g. Fig. 210).

Region 12. Structures between Tumeka Lake,
Klappan River, Maitland Creek, the western map
boundary, and Chismore Creek

Northwest of Tumeka Lake is a large area of Todagin assem-
blage with numerous west-northwest-trending folds.
Although many folds can be identified, the larger scale struc-
ture is unknown owing to the absence of continuous markers.
The east side of the region is underlain by deltaic strata which
define folds more clearly. Cross-section GGGG-HHHH
(Fig. 173) illustrates the upright folds with subhorizontal
enveloping surface; smaller scale folds related to faults are
common (e.g. Fig. 211). Shortening displayed in cross-
section GGGG-HHHH is at least 20% by folding, but there
are several places where thrust faults (e.g. Fig. 211) have
probably accommodated additional shortening.
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Figure 210. View west-northwest to isoclinal anticline-
syncline pair displayed by conglomerate beds in Skelhorne
assemblage, 3 km southeast of the high point on Tacostadia
Mountain. Width of view is 1.2 km. Photograph by
C.A. Evenchick. GSC 2003-442

Figure 209. View west-northwest to tight overturned folds in
the Skelhorne assemblage south of Little Klappan River.
Eleven kilometres east of the confluence of Maitland Creek
and Klappan River. Width of view is 2.5 km. Photograph by
C.A. Evenchick. GSC 2003-441

Figure 211. View west-southwest to folds and associated
thrust faults in Skelhorne assemblage, located 9.5 km south-
west of the confluence of Maitland Creek and Klappan River.
Solid lines are thrust faults. Width of view is 1 km. Photograph
by C.A. Evenchick. GSC 2003-443



Region 13. Structures north of Maitland Creek
to the head of Tsetia Creek

Structures north of Maitland Creek are west-northwest-trend-
ing, upright folds ranging from hundreds of metres to a few
kilometres wavelength (e.g. cross-section IIII-JJJJ, Fig. 173).
Most axial surfaces can be traced for many kilometres. The
larger wavelength folds occur in the west, and the shorter
wavelength folds in the east. Near Klappan River fold inter-
ference occurs on a range of scales. The complexity of this
eastern area is shown by stereoplots in which poles to bedding
from relatively small areas do not define a coherent girdle or
cluster (domains 1+2, and 3, Fig. 212). The northern part,
however, can be divided into smaller domains of cylindrical
folds with different plunge which are consistent with the
geometry and orientation of well exposed folds (domains 1
and 2, Fig. 212). One of these is a west-trending fold that
plunges 60° to the east-southeast (domain 1, Fig. 212, 213).
Its orientation and geometry contrast with the domain a few
kilometres west, where folds are subhorizontal and trend
west-southwest (domain 2, Fig. 212, 214). Domain 3
(Fig. 212) could not be subdivided at a similar scale of analy-
sis into domains of cylindrical folds. This is possibly an indi-
cation of smaller scale fold interference.

At the west side of the region the major folds trend
west-northwest and have interlimb angles ranging from
130°–110° (e.g. cross-section IIII-JJJJ). Fold plunges are
consistently subhorizontal. Interference of the most continu-
ous northwest-trending syncline (the one in cross-section
IIII-JJJJ) with northeast-trending warps is responsible for
observed minor changes in plunge of the syncline. This
syncline interferes with an open, northeast-trending syncline
7 km west of the map boundary to result in a dome-and-basin
interference pattern (Fig. 215; Evenchick (2001)). Fold inter-
ference is apparent locally in Spatsizi River map area, but
nowhere is it as spectacularly displayed as this locality.

Region 14. Structures in the Tsatia Peak region

Structures between the northern exposure of Bowser Basin
strata on Todagin Mountain at the north, Tsatia Creek on the
south, and Klappan River on the east, display less horizontal
shortening than any other region (e.g. Fig. 216, 217; sections
NNNN-OOOO, LLLL-MMMM, Fig. 173). Northeast-trend-
ing folds are gentle (interlimb angles 160°–130°), upright to
inclined, and 2–5 km in wavelength; inclined folds have
subhorizontal or gently dipping limbs several kilometres
long, and shorter, moderately southeast-dipping limbs
(Fig. 217). These folds account for about 5% horizontal short-
ening (cross-section KKKK-MMMM, Fig. 173), and are
responsible for the northeast strike of the basal contact of
Bowser Basin strata north of Todagin Creek. North and south
of Todagin Creek, the folds interfere with northwest-trending
folds, which are tighter, spaced several kilometres apart, and
have vertical or northeast-dipping axial surfaces. The north-
west-trending folds do not affect the basal contact of Bowser
Basin strata significantly, but result in a mappable change of
plunge of northeast-trending folds south of Todagin Creek,
which is also expressed in plots of poles to bedding. Relative
ages of the two fold sets is unclear. Few cleavage data are

available; where observed, it is parallel with the axial surface
of the tighter local fold. Cleavage is strongly developed
locally near the basal contact of Bowser Lake Group and in
hinges of tight mesoscopic folds in a fault zone in the hinge of
a northwest-trending fold.

Summary of magnitude of shortening in the
Skeena Fold Belt

The first estimate of northeasterly shortening in the Skeena
Fold Belt, a minimum of 44%, was documented by
Evenchick (1991a). This was based on construction of bal-
anced cross-sections and measurement of bed-length short-
ening for parts of east-central Spatsizi River map area. Some
of these relationships are reviewed above. Skeena Fold Belt
structures elsewhere in Spatsizi River map area are entirely in
the Bowser Lake Group, negating the use of thrust fault cut-
offs of map units to accurately estimate shortening. In these
areas, shortening is most commonly expressed as folds,
although some thrust faults are observed. From the discus-
sions in each section above, and examination of photographs
and cross-sections presented, it is apparent that the minimum
shortening in the Bowser Lake Group is approximately
equivalent to that accommodated by thrust faults, as deter-
mined earlier from the construction of balanced cross-
sections. Northeast-trending folds also appear to have accom-
modated a similar proportion of shortening, but in a south-
easterly direction.

Summary of constraints on timing of Skeena
Fold Belt deformation

Timing of deformation is constrained by ages of rocks
involved in structures, and by inferences of sources of
synorogenic clastic rocks. A constraint on the oldest limit of
deformation is that the youngest marine Bowser Lake Group
is latest Jurassic or, more probably, earliest Cretaceous
(Todagin assemblage near Alger Creek). Deltaic strata in the
Biernes Synclinorium are also Early Cretaceous. Basinal
strata (other than Devils Claw Formation) do not appear to
record tectonism to the west. Therefore, folding in the Skeena
Fold Belt began in the earliest Cretaceous, or earlier. Overlap
of basal Sustut Group on the Denkaldia–Sunday Pass thrust
fault illustrate that some contractional deformation was prior
to the Albian or Cenomanian. The Devils Claw Formation, in
part Albian, is inferred to be derived from structural culmina-
tions of Bowser Lake Group in the evolving Skeena Fold Belt
(see Fig. 137). Tango Creek Formation, which had an eastern
source in its earliest history, but a western, Skeena Fold Belt,
source later, is Barremian or Albian to late Campanian and is
considered to be, in part, a foreland basin associated with the
fold belt. These relationships indicate that development of
topography, interpreted to be a result of shortening in the
Skeena Fold Belt, was mid-Cretaceous. A large volume of
conglomerate at the base of the Brothers Peak Formation, in
part derived from the southwest, indicates a significant
increase in energy in the late Campanian; this is also assumed
to have resulted from renewed or increased shortening in the
Skeena Fold Belt. The youngest Brothers Peak Formation is
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early Maastrichtian (latest Cretaceous) and is folded. It pro-
vides the constraint on youngest folding as early
Maastrichtian or younger.

Tectonic considerations

The Skeena Fold Belt formed during a time of oblique con-
vergence between the Pacific and North American plates
(e.g. Engebretsen et al., 1985) and is regarded to be a result
of that convergence (Evenchick, 1991a, 2001). Consider-
ation of the sense of oblique convergence and a search for an
explanation for northeast-trending folds in the western
Skeena Fold Belt that accommodated significant southeast-
erly shortening, leads to more specific tectonic interpreta-
tions. These folds were interpreted by Evenchick (2001) to

be a result of sinistral convergence on the plate margin early
in the history of the fold belt (i.e. Early Cretaceous), sup-
porting interpretations by Kelly (1993) and Kelly and
Engebretsen (1994) that sinistral convergence continued
into mid-Cretaceous time before becoming dextral. It is con-
ceivable, but unproven, that partitioning of strain during
sinistral convergence may also have resulted in local north-
west-trending folds, reflecting the orthogonal component of
convergence. The later (Late Cretaceous) history of the fold
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Figure 213. View west-northwest to steeply east-southeast
plunging fold; 11 km north of confluence of Maitland Creek
and Klappan River, in domain 1 of Figure 212. Width of view
in foreground is about 1.8 km. Photograph by
C.A. Evenchick. GSC 2003-444

Figure 214. View east-northeast along subhorizontal,
north-verging fold 3.5 km west of those shown in Figure 213;
9.5 km northwest of confluence of Maitland Creek and
Klappan River; in domain 2 of Figure 212. Width of view is
about 800 m. Photograph by C.A. Evenchick. GSC 2003-445

N

0 1km

Figure 215. Aerial photograph of dome-and-basin fold
interference resulting from interference of the syncline in
cross-section IIII-JJJJ with a northeast-trending one.
Located 7 km west of the western boundary of Spatsizi River
map area (see Fig. 167). Interference of upright folds
locally results in minor changes of fold plunge in west
Spatsizi map area, but nowhere is fold interference as
impressively displayed as at this location.

Tsatia Mtn.

Figure 216. View north to Tsatia Mountain, showing gentle
bedding dips across the region. Width of view at distance of
Tsatia Mountain about 4 km. Photograph by C.A. Evenchick.
GSC 2003-446



belt is recorded by northwest-trending folds in the Sustut
Group. The proportion of Late Cretaceous folds in the Bowser
Lake Group is unknown.

An important aspect of the northeast-trending folds for
tectonic interpretations is that they accommodated a large
proportion of shortening. This is essential to regional tectonic
discussions because northeast-trending warps are present
elsewhere in the fold belt, but need not have regional signifi-
cance. For example, Moffat and Bustin (1993) cited the pres-
ence of northeast-trending folds as evidence for two or three
superposed deformations in Spatsizi River map area. The evi-
dence is not considered strong herein because the amount of
shortening accommodated by the northeast-trending warps is
minimal (less than 5%), and could arguably have explana-
tions which do not require superposed deformations of signif-
icantly different strain axes. It is believed here that many of
those folds are likely a result of minor changes in plunge due
to variations in shortening along northwest-trending folds, or
some other local strain accommodation. Specific examples of
apparent northeast-trending folds in the eastern fold belt that
have explanations other than a change in regional strain axes
include: 1) moderate southeast plunge south of Little Klappan
River that is attributed to drape of northwest-trending folds
over a subsurface extension of the Griffith Fault, as discussed
earlier; 2) in the Joan Lake area, primary variations in thick-
ness of Hazelton Group units are likely the cause of apparent
variations in plunge of the Joan Lake Anticline. In conclu-
sion, although it is possible that some northeast-trending
warps were a result of the southeast contraction expressed in
the western Skeena Fold Belt, doubt is cast on the model pre-
sented by Moffat and Bustin (1993) because of the inability to
distinguish warps resulting from superposed deformations
with different strain axes, from those resulting from 1) varia-
tions in plunge along trend due to differences in amount of
shortening, 2) drape of pre-existing folds over normal faults,
or 3) primary variations in unit thickness. In contrast, in the
western fold belt domains of northeast-trending folds are

large areas of about 50% horizontal shortening, which cannot
be explained by the alternatives listed above. Broader tec-
tonic considerations of the Skeena Fold Belt are given in
Evenchick (2001), and summarized in the ‘Tectonic synthe-
sis’ section of this bulletin.

ECONOMIC GEOLOGY
Spatsizi River map area contains 37 recorded mineral occur-
rences (Fig. 218). Commodities of economic potential in
Spatsizi River map area that have been actively explored for
fall into two groups of type and location: coal in the south and
precious and base metals in the north. Petroleum resources
have not been explored for in Spatsizi River map area specifi-
cally, but on a broader, basin scale, with emphasis on the cen-
tral and southern Bowser Basin. The primary source of
information for the overview below is the British Columbia
Ministry of Energy and Mine’s MINFILE catalogue, which is
based on company assessment reports and other research.
These sources are cited below as “BC MINFILE 104Hxxx”,
where “xxx” is the number of the deposit, property, or show-
ing in the MINFILE data base and on Figure 218 ( February
2004).

Coal

Coal of semianthracite to meta-anthracite rank occurs within
the Groundhog and Klappan coalfields, located between the
Nass and Skeena rivers, and extending northwestward from
Groundhog Mountain (in NTS 104 A) to the ranges northwest
of Klappan Mountain (NTS 104 H; Fig. 218). Observations
and exploration for coal began in the late 1800s, and led to a
period of intense activity between 1903 and 1912 (see
‘Introduction’). Subsequent exploration was sporadic until
the late 1970s when interest was sparked in the northern coal-
field. Companies active in the late 1970s through early 1980s
period of exploration included Gulf Canada, Esso Minerals,
Imperial Metals Corp., Suncor Resources Inc., Groundhog
Coal Ltd., Skeena Metals, Petro-Canada, and BP Canada.
Gulf Canada carried out the longest and most regional examina-
tion, which ended in 1988, after drilling more than 150 diamond-
drill holes, 30 rotary drill holes, and excavating a test pit at
Mount Klappan. The three developed prospects identified by
Gulf Canada as a significant resource in terms of size, are the
Mount Klappan Hobbit-Broatch (BC MINFILE 104H 020),
Mount Klappan Lost-Fox (BC MINFILE 104H 021), and
Mount Klappan Summit (BC MINFILE 104H 022; see
Fig. 218). The main coal-bearing unit is the lower Groundhog-
Gunanoot deltaic assemblage of the Bowser Lake Group of
this report, which corresponds approximately to the Currier
Formation of Cookenboo and Bustin (1989). More than 12
seams, labelled ‘A’ to ‘L’, were identified by Gulf Canada.
An aggregate thickness of 25.2 m (average 17 m) occurs over
a stratigraphic interval of 300–350 m (BC MINFILE 104H
020). The major seams range in thickness from 1 m to 5.2 m,
with the largest seam measured at 10 m (BC MINFILE 104H
020). Extensive coal quality analyses performed by Gulf
Canada determined that the Klappan property could produce
a range of coal products required by the world anthracite mar-
ket. Measured, indicated, and inferred tonnage in 1985 at the
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Maitland Volcanics

Bowser Lake Group

Figure 217. View east to open folds east of Todagin Creek.
Folds in this region are warps to close folds, with long, gently
dipping limbs and shorter steep limbs. Width of view of
background ridge is 4 km. Photograph by C.A. Evenchick.
GSC 2003-447
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Summit, Lost Fox, and Hobbitt-Broatch prospects was
41.400 million tonnes, 194.1 million tonnes, and 405.7 mil-
lion tonnes, respectively; the total speculative resource is
over 3.5 billion tonnes (BC MINFILE 104H 020, 021, 022).
Gulf Canada Resources Inc. stopped developing the property
in 1988, and in 1993 removed their infrastructure from the
coalfield. Potential coal resources in the coalfield as a whole
is estimated to be 37 billion tonnes (Ryan and Dawson, 1993).
A summary of coal rank and quality data for Bowser Basin is
presented in Ryan and Dawson (1993). In general, the coal
has moderate to high ash and low sulphur content. Average
values of Rmax (mean maximum reflectance), indicating the
coal rank, were calculated to be 2.9% and 4.59% for the top
and bottom, respectively, of the Currier Formation (Ryan and
Dawson, 1993). Additional discussions of coalification in the
Groundhog Coalfield are given by Bustin (1984) and Bustin
and Moffat (1989).

Coal seams outside of the Groundhog Coalfield were
noted in regional mapping in all belts of Skelhorne assem-
blage (Evenchick, 1988, 1989; Evenchick and Green, 1990).
Those in the region between Konigus and Sweeny creeks
were examined by Esso Resources Canada in 1984 and 1985.

Renewed interest in coal in the Bowser Basin was sparked
by the recognition of coal-bed methane as a potential energy
resource. Ryan and Dawson (1993) undertook a preliminary
assessment of the potential for extraction of coal-bed meth-
ane from the Groundhog Coalfield. They used Rmax values
published by Bustin (1984) and those contained in ‘Coal
Assessment’ reports, and estimated tonnage of the Currier
Formation, to calculate the coal-bed methane resource. The
results are hampered by a limited understanding of the distri-
bution of coal at depth, and poorly known burial history.
Despite these and other uncertainties, including issues of
stratigraphic nomenclature which impact estimates of ton-
nage, Ryan and Dawson (1993) presented a conservative esti-
mate of methane resource of 228 billion cubic metres
(8 trillion cubic feet), not all of which is available for extrac-
tion. They cautioned that the resource is large, but potential
for development was considered low. They noted that the
asymmetric geometry of the folds provide large, flat-lying
areas of Currier Formation that are good targets. Coal-bear-
ing areas outside the region of the Groundhog (and Klappan)
Coalfield were not included in the resource calculation.

Petroleum

Exploration for petroleum resources in the Bowser Basin
began in 1959 when Pan American leased most of the basin.
The first drilling in 1969 was accompanied and followed by
exploration work by several companies. Industry activity
ended shortly after the second well was drilled by Dome
Petroleum in 1972. Recent research on the regional geologi-
cal framework and consumer demand for natural gas have led
to a renewed interest in the petroleum resource potential of
the Bowser and Sustut basins.

The Dome Petroleum wells (Dome et al. Ritchie a-3-J/
104-A-6, BCMEM Well File WA#2529; c-62-G/104-A-6,
BCMEM Well File WA#3215) were drilled on the anticline
extending southeast from Oweegee Dome in northwest

Bowser Lake (NTS 104 A) map area (Fig. 7), and targeted
Permian carbonate exposed at Oweegee Dome (Koch, 1973).
Although drilling did not reach the primary objective, the
interval between 823 and 884 m (2700 and 2900 ft.) in well
a-3-J displays potential reservoir characteristics (M.C. Hayes,
pers. comm., 2003). In addition, cuttings analyzed by the
Research Department of Imperial Oil show tangible quanti-
ties of dry gas (methane) particularly in the upper 792 m
(2600 ft.) of the well. Wet gas (C2 ethane) was also recorded
in tangible quantities from 107–320 m (350–1050 ft.; Koch
(1973)). Well files and geological and geophysical reports
filed on all petroleum exploration may be viewed by contact-
ing the BC Ministry of Energy and Resources (BCMEM
Fileroom).

Following industry activity in the basin, research relevant
to (but not driven by) petroleum resources has resulted from
focused stratigraphic studies of the Groundhog Coalfield
associated with exploration of the coalfield, and from
regional geological studies. Vitrinite reflectance data on parts
of the coalfield show that the strata are overmature with
respect to oil and gas, consistent with the presence of anthra-
cite and meta-anthracite in the region (Bustin, 1984; Bustin
and Moffat, 1989). Because the coalfield includes the highest
stratigraphic levels of the basin, the perception that the entire
basin, at all stratigraphic levels, was overmature, became
entrenched. Regional petroleum assessment of the region
based on early views of the geological framework identified a
significant petroleum potential while recognizing that there
are several poorly understood, but significant risks
(Hannigan et al., 1995). Following revision of stratigraphic
and structural framework of the northern two-thirds of the
basin, vitrinite and bitumen reflectance data of samples col-
lected during regional mapping were compiled (Evenchick
et al., 2002). These data, the first regional data set available
for the basin, show that large areas, including the lowest
stratigraphic levels of the Bowser Basin, have sufficiently
low organic maturity levels to be favourable for the formation
and preservation of a significant petroleum resource
(Evenchick et al., 2002). This result is a fundamental change
from previous views, and sparked a study (ongoing as of fall
2003) to further examine the petroleum resource potential of
the Bowser and Sustut basins by undertaking resource studies
and by improving the geological framework needed for a
more robust resource assessment (Evenchick et al., 2003).
Preliminary work on effective petroleum systems has identi-
fied, extracted, and characterized crude oil occurrences from
three locations in Bowser and Sustut basin strata in Spatsizi
River map area (Osadetz et al., 2003). These are in Muskaboo
Creek assemblage (Bowser Lake Group) in a breeched oil
field in at Tsatia Mountain; Tango Creek Formation (Sustut
Group) sandstone in the roof of the triangle zone north of
Cold Fish Lake; and in Eaglenest assemblage (Bowser Lake
Group) in the footwall of the Crescent Fault south of the
mouth of Buckinghorse Creek. Analysis of the molecular
composition of these oil stains has identified at least two dis-
tinct compositional families of crude oils. One is inferred to
be derived from Paleozoic carbonate source rocks in underly-
ing Stikinia and the other is inferred to be derived from
Jurassic or younger sources in the Hazelton-Bowser-Sustut
successions (Osadetz et al., 2003; Evenchick et al., 2003).
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Critical conclusions from these early results are that the pres-
ervation of crude oils confirms the revised thermal maturity
model for the basin (Evenchick et al., 2002) and that the iden-
tification of potential petroleum systems with sources in the
Stikine Assemblage indicates that Hazelton Group potential
reservoirs might also be prospective for petroleum accumula-
tion.

Petroleum resource assessments must be revised to con-
sider new energy resource data and the revised stratigraphic
and structural frameworks. For example, the existing petro-
leum resource assessments (Hannigan et al., 1995) do not
attribute petroleum potential to successions underlying
Bowser Lake Group, which must, because of the molecular
composition work on newly discovered oil stains, be attrib-
uted a significant petroleum potential. Similarly, potential tri-
angle zone plays, and specific lithofacies assemblage plays
may now be modelled and included in a revised assessment.

Base and precious metals

Thirty-four base- and precious-metal properties occur in
Paleozoic to early Middle Jurassic volcanic, sedimentary,
metasedimentary, metavolcanic, and intrusive rocks underly-
ing the Bowser Lake Group; many of these are restricted to
the northwest corner of the map area. Mineral exploration
was sporadic until the early 1990s, when renewed interest
across the northern map area was sparked by the recognition
of porphyry Cu-Au mineralization at the Red-Chris deposit.
Existing properties received new attention, and a few new
showings were discovered. The main types of mineralization
consist of vein and porphyry-style copper with associated
gold and molybdenum deposits, and limestone bodies.

Properties in Paleozoic strata of the Stikine Assemblage
include those hosting limestone and base metals. Three lime-
stone deposits, Klastline Plateau (BC MINFILE 104H 018),
Stikine River Limestone (BC MINFILE 104H 019), and
Tsaybahe Mountain (BC MINFILE 104H 023) occur in the
northwestern corner of the map area. Two mineralized zones
at the Kitty showing are in Mississippian phyllitic metavol-
canic rocks near the Mississippian intrusion on Zechtoo
Mountain. Quartz carbonate veins with disseminated chalco-
pyrite and pyrite occur in both zones, and arsenopyrite is
restricted to one of the zones (BC MINFILE 104H 015). Far-
ther east, near the summit of Thatue Mountain, mineraliza-
tion in phyllitic metavolcanic rocks is distributed in three
zones. All zones host chalcopyrite mineralization; two of the
zones are in quartz carbonate veins, and the third is in tuff and
associated with breccia (BC MINFILE 104H 033).

The only developed prospect of precious or base metals is
the Red-Chris porphyry copper-gold deposit, associated with
Triassic strata of the Stuhini Group. Initial exploration and
staking in 1956 was followed by additional staking in 1969
and 1970. Exploration efforts in the mid-1990s culminated in
American Bullion Minerals Ltd. drilling 21 400 m in 1994,
and 36 830 m in 1995. A pre-feasibility study for an open pit
mine, dated 1998, estimated a total resource of 224.5 million
tonnes grading 0.419% Cu and 0.330 g/t Au, for 20.5 years
(BC MINFILE 104H 005). The property moved to ‘Environ-
mental Assessment Review’ in 1999. Mineralization is

associated with the Early Jurassic, pyritic, hornblende por-
phyry monzonite of the Red Stock (Schink, 1977; Friedman
and Ash, 1997). Both intrusion and host rocks (Stuhini
Group) are altered and mineralized. The southern boundary
of the property is inferred to be in fault contact with the Bowser
Lake Group (Schink, 1977; Ash et al., 1997b), but strati-
graphic relationships suggest that either the fault is entirely in
strata underlying Bowser Lake Group, or displacement is
minor. Mineralization consists of chalcopyrite, lesser bornite,
and traces of covellite and native gold, and it is associated
with steeply dipping, fault-controlled quartz stockworks and
restricted zones of intense silicification (BC MINFILE 104H
005). Dominant alteration types, in decreasing order of sig-
nificance, are phyllitic (plus carbonate), potassic, and propy-
litic (BC MINFILE 104H 005).

Stuhini Group hosts three other properties in the vicinity
of the Red-Chris deposit. At the Eldorado (BC MINFILE
104H 026) and Bonanza (BC MINFILE 104H 013) cop-
per-gold showings, northeast of Red-Chris property, volcanic
and volcaniclastic rocks are locally intruded by porphyritic
dykes and subvolcanic intrusions. The Gin property occurs in
andesitic flows interbedded with fine-grained clastic rocks.
Chalcopyrite, arsenopyrite, and rare galena and sphalerite are
associated with pyrite veins (BC MINFILE104H 031). Far-
ther north, the Tsetogamus Creek property was staked in 1929
because of chalcopyrite mineralization in augite-porphyritic
meta-andesite (BC MINFILE 104H 003).

The Mount Sister Mary area, along the north-central map
boundary, hosts five Cu showings and two Cu properties,
associated with Stuhini Group, Hazelton Group, and Early
Jurassic phases of the Hotailuh Batholith. Extensive staking,
geological mapping, and trenching was conducted in the
region in 1969 and 1970. Mineralization typically occurs as
hairline fracture and fissure fillings, and disseminations. For
example, the Pay prospect, hosted in quartz monzodiorite,
has chalcopyrite as disseminations and fracture fillings, and
associated magnetite and pyrite (BC MINFILE 104H 007),
and the Joy 84 prospect, hosted by Triassic to Jurassic andes-
ite has chalcocite in fractures, with malachite on weathered
surfaces (BC MINFILE 104H 010). In contrast, at the GD 7
showing, disseminated native copper, bornite, and chalcocite
are locally present along the contact between volcanic breccia
and overlying amygdaloidal andesite (BC MINFILE 104H
030).

Properties associated with the Lower Jurassic Hazelton
Group and related intrusions include the Ram showing,
southwest of Red-Chris property, which contains a few flakes
of molybdenite in a pyritic orange-stained zone (BC
MINFILE104H 011), and many showings and prospects in
the vicinity of Ehahcezetle Mountain, immediately north of
Ealue Lake and southeast of Iskut. The latter area, host to 11
showings and two prospects, was first explored in 1929 when
an adit was driven in copper mineralization on the Klappan
Rose property (BC MINFILE 104H 014, now called the Hi
property). Extensive geological, geochemical, and geophysi-
cal exploration has taken place in different locations through-
out this area from the 1960s into the 1990s. The two prospects
are the Hi and MFJ prospects. The Hi prospect hosts Cu-rich,
Au-poor mineralization (BC MINFILE 104H 014). The MFJ
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prospect is host to alkaline Cu-Au mineralization (BC
MINFILE104H 001). As with the MFJ and Hi prospects, the
West, Edon, Coyote, South, RD, Coyote 3, B18, Plateau,
Mabon, B31, and D1 prospects (BC MINFILE104H 002,
004, 012, 006, 016,024, 032, 034, 035, 036, and 037 respect-
ively) are associated with andesitic green to maroon volcanic
flows, lapilli tuffs, agglomerate, and volcaniclastic rocks of
the Hazelton Group. These rocks are intruded by
monzodiorite, monzonite, and porphyritic monzonite of the
Early to Middle Jurassic Edon, Rose, and related intrusions.
The Rose intrusion has chalcopyrite, magnetite, and pyrite
with quartz in stockwork fractures and as disseminations. The
Edon intrusion has pyrite, magnetite, and trace chalcopyrite
and molybdenite which occurs mainly as disseminations in
porphyritic quartz monzonite. In addition, copper skarn min-
eralization is developed locally where quartz monzonite to
monzonite intrusions cut calcareous sedimentary rocks, and
chalcocite-bornite mineralization occurs locally at the transi-
tional contact between green and maroon andesite (Cooper,
1978).

The Cu-Au-Ag Brock prospect is associated with the
youngest subdivision of the Hazelton Group, the Mount
Brock volcanics. Disseminated chalcopyrite and pyrite
occurs in quartz veins in the Early Jurassic McEwan Creek
pluton, near its intrusive contact with the volcanic rocks (BC
MINFILE 104H 025).

Only two deposits are outside of the northwest corner of
the map area. The Lynne property, a minor copper sulphide
showing with quartz veins, is in a screen of amphibolite in the
Stikine Batholith, in the northeast corner of the map area (BC
MINFILE 104H 008). The Nation Peak barite showing is
located near the centre of the map area, within Spatsizi Plateau
Wilderness Provincial Park (BC MINFILE 104H 017).

Large, semiprecious quartz crystals, including ‘phantom
crystals’, have been found in extensional quartz veins in
Bowser Lake Group. They have been excavated by prospec-
tors and collected by many eager geological assistants.

JURASSIC AND CRETACEOUS
REGIONAL TECTONIC SYNTHESIS
This synthesis discusses the Jurassic through Cretaceous his-
tory of strata in Spatsizi River map area in the context of more
regional tectonics. It compliments the broader, but less
detailed ‘Regional setting’ section of this report by providing
more detailed discussion of the major units of Spatsizi River
map area.

Hazelton Group

Hazelton Group volcanic and related sedimentary rocks of
Early to early Middle Jurassic age are scattered throughout
much of Stikinia (Fig. 7). Together they indicate that Stikinia
was a region of widespread volcanism for about 25 Ma. Most
of the volcanic complexes are polygenetic and composite,
and many contain both marine and subaerial facies. Strati-
graphic order within one volcanic complex typically has no
obvious connection to that of others, and regional correlation

among successions is generally not possible. These charac-
teristics imply that volcanism generally occurred as a set of
volcanic fields and cones in an oceanic or coastal environ-
ment. Fossil control and isotopic dating indicate that
Hazelton volcanism was nearly continuous on Stikinia as a
whole, but that individual successions, in most cases, were
active for no more than a few million years. Geochemical
characteristics indicate that the volcanism occurred in
subduction-generated volcanic-arc and back-arc environ-
ments (e.g. Marsden and Thorkelson, 1992), and, for the
younger parts of the group on the west, mid-ocean-ridge envi-
ronments (e.g. Macdonald et al., 1996; Barrett and Sherlock,
1996).

In the first comprehensive description of widespread
Hazelton strata, based on geology across the Skeena Arch
(Fig. 7), Tipper and Richards (1976) gave the name Hazelton
Trough to the entire volcanic and sedimentary assemblage of
the Hazelton Group. They determined that the central part of
the region was a locus of marine sedimentation and volca-
nism throughout Hazelton deposition, whereas flanking areas
were sites of relatively shallow-water sedimentation and
subaerial volcanism during the Sinemurian and early
Pliensbachian. In the centre of the Hazelton Trough, strati-
graphic thicknesses are at least 4200 m, considerably thicker
than along the margins. Citing these features, Tipper and
Richards (1976) suggested that the centre of the trough was a
region of syndepositional subsidence caused by normal fault-
ing. They speculated that this central basin, which they called
the Nilkitkwa Depression, trended northwest across an area
now covered by sedimentary rocks of the Bowser Basin.

Following the views of Tipper and Richards (1976),
Marsden and Thorkelson (1992) inferred a chain of terrestrial
volcanic fields, volcanic islands, and seamounts on either
side of the speculated Hazelton Trough axis. They used the
term ‘Hazelton Trough’ only for the central, generally marine
part of the Hazelton Group, the same region called the
‘Nilkitkwa Depression’ by Tipper and Richards (1976). They
showed that on the western side of the ‘Hazelton trough’ (of
Marsden and Thorkelson (1992)), from the Whitesail Lake to
Telegraph Creek areas, subaerial volcanism occurred in vari-
ous areas during intervals in the Sinemurian, Pliensbachian,
Toarcian, Aalenian, and possibly the Bajocian. More recent
work, however, shows only marine strata for Aalenian and
Bajocian times in large parts of these areas (e.g. Roth et al.,
1999; Evenchick and McNicoll, 2001). On the eastern side,
from the Cry Lake to McConnell Creek regions, subaerial
volcanism occurred in the Hettangian or Sinemurian, and
Pliensbachian, Toarcian, and Bajocian. Submarine volca-
nism was common within and west of the ‘trough’, and
subaerial volcanism within the ‘trough’ is considered to be
highly restricted. These relationships were used to infer syn-
to postvolcanic subsidence of thousands of metres (Marsden
and Thorkelson, 1992). Although these observations and
interpretations concur with the general paleogeographical
depiction of the Hazelton Group south of the Bowser Basin by
Tipper and Richards (1976), the level of uncertainty in the
paleogeography of Stikinia north of the Skeena Arch is high
because much of it is blanketed by younger basinal strata. The
inference of a ‘trough’ continuing to the Stikine Arch is based
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on the assumption that ‘trough’ strata, now only seen at the
north and south ends of the Bowser Basin, over 300 km apart,
belong to one continuous belt.

Volcanic activity in Stikinia was concentrated early in the
history of the Hazelton Group. By Bajocian time volcanism
had become relatively scarce, and marine sediments accumu-
lated over the successions that had been deposited in
subaerial environments. Bajocian volcanic rocks may be con-
sidered the final products of the Hazelton magmatic regime.

The Hazelton Group is exposed across a width of approxi-
mately 300 km. When the effects of contractional deforma-
tion are accounted for, the width of the Hazelton belt restores
to about 450 km in the Early Jurassic (Evenchick, 1991a;
Marsden and Thorkelson, 1992). Comparing characteristics
of volcanic rocks from the eastern, central, and western belts
of the Hazelton Group, Marsden and Thorkelson (1992) con-
cluded that volcanism of similar ages occurred across a width
greatly exceeding that of modern arcs, and that the Hazelton
Group was not deposited above a single subduction system.
To accommodate the great width and apparent geochemical
uniformity of the Hazelton Group, Marsden and Thorkelson
(1992) suggested that subduction of oceanic lithosphere
occurred beneath Stikinia from both the eastern and western
sides (in present geographical co-ordinates). They argued
that the distance from trench to volcanic front on each side
was about 175 km, based on postulated subduction angles
averaging 30° to a depth of 150 km. Hence, the Hazelton
Group was interpreted to have formed as a pair of coeval
island arcs, separated by a marine trough, on an 800 km wide
microplate (Marsden and Thorkelson, 1992, Fig. 6). The cur-
rent extent of Stikine Terrane represents the central part of the
microplate. The eastern forearc region has probably been
overridden by the Cache Creek Terrane, and dismembered by
transcurrent faulting (Gabrielse, 1985). Rocks of the western
arc-trench gap may also have been underthrust and attenuated
by faulting, although relations have been blurred by subse-
quent magmatism, metamorphism, and uplift in the region of
the Coast Belt. This interpretation should be refined in light of
more recent stratigraphic, geochronological, and geochemi-
cal studies of the western Hazelton Group (e.g. Macdonald
et al., 1996; Roth et al., 1999; Evenchick and McNicoll, 2001).

Hazelton Trough–Bowser Basin transition

The change in depositional character from volcanic and
volcaniclastic detritus of local provenance, to lithic detritus from
Cache Creek Terrane, marks the transition from the Hazelton
Group to the Bowser Lake Group (Souther and Armstrong, 1966;
Tipper and Richards, 1976; Thomson et al., 1986). Beginning in
Bajocian time, voluminous chert-rich sediment derived from the
north and northeast was deposited on Stikinia. Initial (Bajocian)
deposition of chert-rich material was restricted to the outlier of
Bowser Basin in Cry Lake map area, presently in the footwall of
the thrust sheet carrying Cache Creek Terrane (Fig. 7). The first
widespread chert-rich detritus did not appear in north-central
Spatsizi River area until the Bathonian. The change in sediment
type and provenance reflects a radical change in the tectonic set-
ting of Stikinia, from an independent terrane to part of an amal-
gamating landmass on the western margin of North America.

Stikinia may have begun to collide with the Cache Creek
Terrane as early as the Toarcian, as indicated by sedimento-
logical and structural evidence on the Stikine Arch
(Gabrielse, 1991). The timing of this event is also implied by
the paucity of Toarcian and younger volcanism in the eastern
Hazelton volcanic belt. A small number of Toarcian to
Bajocian volcanic piles in the eastern Hazelton belt, however,
suggests that subduction at the eastern trench may have con-
tinued into the Bajocian. The Mount Brock volcanics in
Spatsizi River map area are an example of these youngest vol-
canic successions. The magnitude of volcanic activity in the
central and western belts also decreased after the Toarcian,
and the complete absence of Hazelton volcanic rocks younger
than Bajocian indicates that east and west subduction systems
had ceased to operate by that time. Whether cessation of
subduction along the western margin of Stikinia was caused
by collision with more outboard terranes, or by changes in
plate motions, is uncertain. An independent interpretation of
timing of Stikinia–Cache Creek Terrane interaction is that
Aalenian condensed shale of the Abou Member (Spatsizi
Formation) in northern Spatsizi River area is be the result of
flexural subsidence caused by obduction of the Cache Creek
Terrane over Stikinia (Ricketts et al., 1992). In summary, the
transition from Hazelton Trough to Bowser Basin deposition
is marked by a Toarcian through Bajocian period of decreas-
ing volcanism interpreted to be a result of cessation of
subduction, Aalenian deposition of condensed shale inter-
preted to be a result of flexural subsidence associated with
Cache Creek Terrane overriding Stikinia, and Bajocian to
Bathonian deposition of initial detritus from Cache Creek
Terrane. The age of the latter is a function of distance from
source.

Bowser Basin

The Middle Jurassic to mid-Cretaceous Bowser Lake Group
is an overall regressive marine to nonmarine succession of
fine- to coarse-grained clastic rock distinguished by chert-
rich conglomerate and sandstone. Environments of deposi-
tion range from distal submarine fan, through slope, shallow-
marine shelf, deltaic, and fluvial (Eisbacher, 1981; Moffat
et al., 1988; Cookenboo and Bustin, 1989; MacLeod and
Hills, 1990; Green, 1991; Ricketts and Evenchick, 1991;
Evenchick, 2000; Evenchick et al., 2001b). The main source
of the clastic detritus was the Cache Creek Terrane, which
emerged during its obduction onto Stikinia in the late Early to
early Middle Jurassic (e.g. Souther and Armstrong, 1966;
Thorstad and Gabrielse, 1986; Gabrielse, 1991; Ricketts
et al., 1992). Although it is commonly called an overlap
assemblage, the Bowser Lake Group is restricted to Stikinia
and is more properly described as a sedimentological or prov-
enance link between Stikinia and the Cache Creek Terrane.

Interpretation of the depositional history of the basin is
achieved by integration of regional mapped sedimentary
facies with a database of fossil ages, and is shown schemati-
cally in Figure 219 (Evenchick et al., 2001b). The first coarse
clasts deposited on Stikinia and clearly derived from Cache
Creek Terrane form chert and limestone boulder conglomer-
ate intercalated with Bajocian volcanic rocks in the immedi-
ate footwall of the King Salmon Fault (Fig. 7, 219a). Coeval
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deposition of Bajocian tuffaceous siltstone and isolated
regions of volcanic rocks across northern Stikinia, represent
the last significant volcanogenic deposits of the region.

The distribution of Bathonian to early Oxfordian fossils
illustrates that the shelf-slope break remained near the northern
margin of the basin throughout that period (Fig. 219b, c).
Bathonian rocks are restricted to the northern margin of the
basin and the lower few hundred metres of Bowser Lake
Group around Oweegee Dome and in northeast Iskut River
map area (Fig. 7); in the north they are almost exclusively
submarine channel and slope deposits. Coeval shallow-
marine sandstone in the Griffith Creek region of Spatsizi
River map area are the most proximal (to source) Bathonian
strata. Deltaic strata about 10–20 km farther north and northwest

are either Bathonian or Callovian. Deposition in submarine
canyon and slope environments continued to dominate the
northern basin in Callovian time, but the presence of
Callovian fossils in shelf strata on Tsatia Mountain and east of
Todagin Creek, as well as in deltaic strata in the Eaglenest
region delineate a shelf-slope break farther south than in the
Bathonian (Fig. 219b, the southern branch of the facies
boundary). Early Oxfordian deposition in slope environ-
ments occurred in the eastern basin (McConnell Creek area)
and in southmost strata of the Tsatia region. It also occurred in
Buckinghorse region; the pronounced deflection of the facies
boundary there is probably a result of preservation of a higher
thrust sheet between the Griffith and Buckinghorse faults,
and described earlier in this report. Deposition in shelf envi-
ronments at this time occurred in the regions south of Tuaton
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Lake, the southern Griffith region, south of Joan Lake, and
south of Tsatia Mountain. Early Oxfordian deltaic strata are
south of Tsatia Mountain, south and east of Joan Lake, and
near Crescent Mountain. Locally, deltaic strata fed across a
narrow shelf to form submarine canyon deposits. The pres-
ence of early Oxfordian fossils through 300 m of section
spanning slope, shelf, and deltaic strata south of Tsatia
Mountain indicates that there was rapid migration of facies
boundaries at this time.

Where lower Bowser Lake Group is exposed at Oweegee
Dome and farther west, the presence of middle or late
Oxfordian, late Oxfordian to early Kimmeridgian, and early
Kimmeridgian fossils within 300 m of the underlying Hazelton
Group, demonstrate that there was little deposition in the west-
ern basin prior to middle or late Oxfordian time (Evenchick
et al., 2001), as depicted in Figures 219b and 219c.

By middle Oxfordian time the major depocentre was no lon-
ger restricted to the north margin of the basin, and middle
Oxfordian to early Kimmeridgian deltaic facies prograded rapidly
southwest over the early Oxfordian shelf and slope at the north-
east side of the basin, and a wide shallow-marine shelf formed
across thecentralbasin (Fig.219d).This shelfwasboundedon the
west by a broad region of submarine fan deposition in the late
Oxfordian to early Kimmeridgian. Middle Oxfordian and younger
strata of the Ritchie-Alger assemblage reach a thickness of at least
4000 m in the western parts of the basin, comprising the bulk of
the Bowser Lake Group in this region. A western depositional
margin of the basin is not recognized.

The record of latest Jurassic to earliest Cretaceous deposi-
tion outside the Groundhog Coalfield is limited. Several col-
lections of bivalves in the Alger region of southwest Spatsizi
River map area and southern Bowser Lake area indicate that
deposition in submarine fan environments continued into
Tithonian and possibly Berriasian time in the western basin
(Fig. 219e), attesting to the persistence of marine deposition at
least to the Jura-Cretaceous boundary. Fossil collections east
of Oweegee Dome indicate that shallow-marine deposition
continued there into earliest Cretaceous time. Deltaic sedimen-
tation continued in the Groundhog Coalfield region, including
minor marine incursions, into the earliest Cretaceous
(Cookenboo et al., 1991). Mid-Cretaceous alluvial fan and flu-
vial deposits (Devils Claw Formation) are only preserved as
the highest unit in the Groundhog Coalfield (Fig. 219f).

Controls on deposition of the Bowser Lake Group

Proposed tectonic settings for the Bowser Basin include fore
arc, back arc and/or extensional, and foreland. The fore-arc
model suggested by Dickinson (1976) is commonly cited for
the Bowser Basin. The Bowser Basin lacks the primary charac-
teristics of fore-arc basins, which are typically linear features
related to nearby volcanic arcs and subduction zones, and con-
tain volcanic rocks and detritus from the arc (e.g. Ingersoll,
1988). A possible minor exception is the Spatsizi Formation,
the upper parts of which may be viewed as basal Bowser Basin
strata, and which have some volcanogenic input. A back-arc
setting proposed by Anderson and Thorkelson (1990) for the
earliest deposits of the Bowser Basin may be appropriate for
Bajocian and earlier (Spatsizi Formation), but it cannot

account for the bulk of Bowser Lake Group sedimentation.
There is no evidence within or external to the basin to support
or negate speculation that transtension (Greig et al., 1991)
played a role in evolution of the basin.

Marsden and Thorkelson (1992) argued that the Bowser
Lake Group filled an existing marine basin, their “Hazelton
trough”, Tipper and Richard’s (1976) “Nilkitkwa Depres-
sion”, that was a back-arc basin shared by volcanic arcs on
east and west Stikinia. As discussed earlier, the paleo-
geography of the parts of Stikinia covered by the Bowser
Basin is hypothetical, therefore the existence of this earlier
trough is highly speculative. Furthermore, facies boundaries
for the northern Bowser Basin (Evenchick et al., 2001b) and
southern basin (Tipper and Richards, 1976) trend at a high
angle to the hypothetical earlier ‘trough’ and are not influ-
enced by it. Tipper and Richards (1976) interpretation is that
the extent of the marine part of the trough was at a minimum
immediately prior to deposition of initial Bowser Basin
strata, therefore it does not correspond spatially to the Bowser
Basin. From these points, the senior author argues that the
Bowser Basin did not fill an existing marine basin corre-
sponding to the Hazelton “trough” of Marsden and
Thorkelson (1992).

Obduction of Cache Creek Terrane onto Stikinia has been
proposed as a major factor in Bowser Basin evolution
(Eisbacher, 1981; Ricketts et al., 1992). Deposition started
with a condensed section, which is interpreted as the starved
basin phase of flexural subsidence, and was followed by
coarse clastic deposition, interpreted as the result of initial
subaerial erosion from the thickened source area (Ricketts
et al., 1992). The facies distribution through time (Fig. 219),
clast types, and paleocurrents (Evenchick et al., 1992; this
report), all reflect progressive filling of the basin from the
northeast, and are consistent with a foreland basin, flexural
subsidence model. The Aalenian to Bajocian phase of deposi-
tion may have been influenced by extension at the end of
Hazelton Group volcanism (Marsden and Thorkelson, 1992).

Although an active arc did not directly influence deposi-
tion, Triassic to early Middle Jurassic magmatism on Stikinia
probably left Stikinia with elevated heat flow which could not
be sustained once magmatism ceased. Reduced heat flow
would have resulted in gradual cooling and thermal subsi-
dence, but its magnitude and control on sedimentation relative
to flexural subsidence is unknown. Another influence on sedi-
mentation, perhaps resulting in the major regression in the
Oxfordian and Kimmeridgian, could have been broad crustal
uplift associated with the developing Omineca Belt, which is
also reflected in the Western Canada Sedimentary Basin (e.g.
Price, 1994). In summary, the Bowser Basin is a hybrid basin
which succeeded a volcanic arc. The primary influences were a
combination of regional tectonics resulting in flexural subsi-
dence, regional tectonics resulting in broad uplift to the east,
and thermal subsidence following cessation of magmatism.

The previous discussion applies to the marine through
low-energy fluvial history of the basin, but does not provide
an explanation for high-energy alluvial fan and coarse,
braided stream deposits of the Devils Claw Formation. In the
mid-Cretaceous the region of deposition of the Devils Claw
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Formation was at least 150 km from the Cache Creek Terrane,
and separated from it by the relatively fine-grained mica- and
quartzite-clast-bearing fluvial systems of the basal Sustut
Group. Lithological and clast-size differences between the
Devils Claw Formation and Sustut Group successions argue
against them being part of the same depositional system with
a Cache Creek Terrane source. Considering that the eastern
Skeena Fold Belt was active during the Early and Late
Cretaceous, it is more likely that a structurally controlled
barrier separated the Devils Claw and Sustut drainages and
provided a local source of coarse sediments for the Devils
Claw Formation. In this scenario, the Devils Claw Formation
was deposited in an active fold belt as a piggy-back basin
deposit (Fig. 219f; Evenchick (2000)) of the type described
by Ori and Friend (1984).

Sustut Basin

In the Early Cretaceous (Barremian to Albian), fluvial depo-
sition of the Sustut Group began along the northern and east-
ern margins of the Bowser Basin (Eisbacher, 1974b). The
source was initially micaceous metamorphic strata from the
Omineca Belt. These earliest fluvial systems flowed south-
west across a pediment surface for at least the width of the
preserved part of the basin, and eventually flowed into the
Cretaceous Pacific Ocean (Eisbacher, 1974b). These fluvial
systems were followed by ones with a western, Bowser Lake
Group, source (in addition to continued eastern sources). The
change to a chert-rich source and reversal of paleocurrent
directions within the Tango Creek Formation signalled
arrival of the first detritus shed from the northeasterly
advancing Skeena Fold Belt (Eisbacher, 1974b; Evenchick,
1991a). A continued southwest source throughout the history
of the Sustut Basin indicates a persistence of topography in
the fold belt. Widespread conglomerate sheets at the base of
the Brothers Peak Formation perhaps reflects renewed or
increased shortening in the fold belt. It was coeval with the
Belly River clastic wedge in the Alberta Foreland Basin, and
highlights the Cordillera-wide nature of contraction in the
Campanian (Evenchick, 1991a; 2000). Deposition continued
in this basin through the early Maastrichtian.

Skeena Fold Belt

The Skeena Fold Belt is a regional fold and thrust belt which
affected most of northern Stikinia and overlying Mesozoic
strata (Evenchick, 1991a, b, 2001). It is best expressed in the
thinly layered Bowser Lake and Sustut groups as upright to
overturned folds, of a range of scales, which verge primarily
to the northeast. It is also clear that strata of underlying
Stikinia are shortened by thrust faults which emplaced the
volcanic rocks onto Bowser Lake and Sustut group strata;
these relationships are well exposed in Spatsizi River map
area. Shortening in the volcanic successions below the Bowser
Lake Group is expressed differently due to contrasts in
competency and mechanical heterogeneity between the Bowser
Lake Group and underlying volcanic and clastic successions.
A minimum estimate of the magnitude of shortening,
determined from balanced cross-sections and bed-length
measurements of structures in Spatsizi River map area, is

about 44%, or 150 km (Evenchick, 1991a; this report).
Shortening in the fold belt began in the Early Cretaceous, and
ended in latest Cretaceous or earliest Tertiary. Age and mag-
nitude of shortening for the fold belt are broadly similar to
those of the Foreland Fold and Thrust Belt to the east, and
illustrate, along with the Sustut Basin clastic record, Cordillera-
wide shortening in the Late Cretaceous (Evenchick, 1991a,
2001). Although the majority of folds trend northwest and
record northeasterly shortening, domains along the western
side of the fold belt trend northeast. They are interpreted to be
a result of southeasterly shortening resulting from oblique
sinistral convergence on the Cordilleran margin in the Early to
mid-Cretaceous (Evenchick, 2001). This early history of
sinistral convergence is expressed in west Spatsizi River map
area by a domain of north-northeast-trending folds, a region
of fold interference, and local steep plunges.

Summary

The major stratigraphic units and structures in Spatsizi River
map area provide many of the relationships used to constrain
the history described above. Paleozoic through Early Middle
Jurassic arc and related strata belong to Stikinia. The Bowser
Lake Group marine through nonmarine clastic succession
resulted from the amalgamation of Stikinia to the North American
margin, concurrent with closure of the Cache Creek Ocean.
The Sustut Group formed in a nonmarine synorogenic basin
during regional Cretaceous contraction expressed in Spatsizi
River area as the Skeena Fold Belt, and its southwest side was
subsequently cannibalized by the fold belt.
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Appendix 1
Fossil Collections

Paleontological contributions:

T.P. Poulton, H.W. Tipper, J.A. Jeletzky, A.R. Sweet, H. Frebold, M.J. Orchard, E.S. Carter,
F. Cordey, E.T. Tozer, P.L. Smith, R.C. Thomson, S.E. MacLeod, E.H. Davies,

and R.P.W. Stancliffe

INTRODUCTION
This appendix presents information on all fossil collections in
Spatsizi River map area for which the location could be veri-
fied. It includes data presented as part of a compilation of the
northern two-thirds of the Bowser Basin (Evenchick et al.,
2001b), and additional collections to the boundaries of
Spatsizi River map area.

The majority of collections were made during regional
mapping projects. They were reported on in unpublished fos-
sil reports by the authors listed above, and are curated by the
GSC. Detailed published accounts of fossils from the Bowser
Lake Group, not reproduced here, are restricted to studies of
ammonites near Tsatia Mountain, at the northwest limit of the
basin (Poulton et al., 1994), and plant fossils in the
Groundhog Coalfield (MacLeod and Hills, 1991b). Studies of
marine macrofossils from strata immediately underlying the
Bowser Lake Group, in rocks representing the transition
between the end of the Hazelton volcanic arc and beginning
of the Bowser Basin, include those of Poulton and Tipper
(1991), and Thomson and Smith (1992). In a few cases (e.g.
Read, 1984; Read and Psutka, 1990), fossil identifications are
listed on published maps, which are the only records of the
identifications or age.

The database from which the following lists were pro-
duced was created, verified, and edited by C.A. Evenchick
and B. Groulx. The locations of fossil collections made after
1985 were verified from field maps and aerial photographs,
and are known to within 100 m. Most collections made prior
to 1985 are accurate to within 200 m; collections whose loca-
tions could not be verified were excluded from the database.

Most fossil collections are from: Operation Stikine map-
ping in 1956 across NTS 104 H under the direction of
L. Green; regional mapping in northern NTS 104 H from
1979 to 1983 under the direction of H.W. Tipper and
H. Gabrielse; and regional mapping in NTS 104 H from 1985
to 1992 under the direction of C.A. Evenchick. Collections
made in the course of more detailed studies include those by
G.M. Green in 1990, T.P. Poulton in several years from 1983
to 1990, and A.R. Sweet in 1987 and 1990. A small selection
of the collections described by R. Thomson (1986) are
included.

Most collections for which the age could be determined
are marine macrofossils (366). They were examined by
T.P. Poulton, H.W. Tipper, G. Jeletzky, H. Frebold, and
E.T. Tozer. The majority of these (286) are from the Bowser

Lake Group. Of these, 231 were assigned ‘confident’ or
‘probable’ ages. Well preserved microfossils within the Bowser
Lake Group are rare. Of the 94 samples of dark shale or
siltstone processed for palynomorphs, 30 have identifiable
forms, but none were assigned a narrow-ranging age. The
samples were processed and identified by E.H. Davies,
R.P.W. Stancliffe, A.R. Sweet, and S. MacLeod. In general,
the samples have a high maturation level and preservation is
poor. Samples of siltstone, limy siltstone, silty limestone, and
chert were processed for radiolarians, conodonts, or
foraminifera. All (17) from the Bowser Lake Group were bar-
ren or of indeterminate age, whereas 20 samples from strata
underlying Bowser Lake Group were assigned narrow-rang-
ing ages by M.J. Orchard and E.S. Carter. Ages of 13 Early
Jurassic and older radiolarian samples from chert clasts in
Bowser strata were determined by E.S. Carter and F. Cordey.
Of the 109 slides of palynomorphs from the Sustut Group
strata, 74 were assigned narrow-ranging ages by A.R. Sweet.
Plant macrofossils collected during regional mapping have
not been studied, but plant fossils in the Groundhog Coalfield
are described by MacLeod and Hills (1991b). Palynomorph
samples not included in the listing below are those from the
Groundhog Coalfield reported by H. Cookenboo ((1989);
identifications by G. Rouse).

PRESENTATION OF FOSSIL DATA
Fossil information is presented in the following pages as lists
of collections, and on the accompanying figure (Fig. 52) as
symbols. In order to use the most confidently determined col-
lections for interpretations, fossil collections have been sepa-
rated into those for which the age is most confidently
determined and those which are less confidently determined,
labelled ‘certain’and ‘probable’, respectively, in the follow-
ing list. Although it is recognized that the boundary between
them is arbitrary, and may vary from identifier to identifier,
the breakdown is useful in recognizing the more significant
ages. If an age was unqualified in a fossil report, it was
assumed by the database creator to be ‘certain’; if it was quali-
fied by ‘probably’, or a question mark in parentheses, it was
assumed to be ‘probable’. They are distinguished by a solid
black outline for ‘certain’ and no outline for ‘probable’ cases
on Figure 52. Ages which were given as ‘possibly....’ are
depicted on this figure by a cross. Fossil collections in strata
overlying and underlying the Bowser Lake Group are shown
by subdued symbols whereas those in the Bowser Lake Group
(late-Middle Jurassic through latest Jurassic) are shown by
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symbols with colours ranging from cold (e.g. blue) for the
oldest, to warm (e.g. red) for the youngest. A range of age
(e.g. Bathonian to Oxfordian) is depicted by separation of the
symbol into a lower half for oldest limit of age and upper half
for upper limit of age. Position in a particular period or stage
(e.g. Early, Middle, or Late) is shown by the appropriate first
letter (E, M, or L). A more general age, e.g. Middle to Late
Jurassic, is shown by the appropriate colour or symbol for the
stage at each end of the range, in this case, pale purple for
Aalenian (the beginning of the Middle Jurassic) on the bot-
tom, and yellow for Tithonian (the end of the Late Jurassic)
on the top. An uncoloured hemisphere depicts collections
with no upper or lower age limit, depending on the hemi-
sphere that is uncoloured.

Symbolizing the fossil data automatically required creat-
ing a database of fossil information which could be queried.
The listing of fossils in the following pages is preceded by a
description of the fields, and limitations of the approach. The
list of fossil collections is followed by a section including the
lengthy remarks from reports which could not be reproduced
in the database, and finally by indexes of the collections,
ordered by collection number, and then by age.

LISTING OF FOSSIL COLLECTIONS
Fossil collections are ordered stratigraphically, from lowest
to highest. This first list, the majority of the appendix, is fol-
lowed by a listing of fossil reports on clasts from conglomer-
ate. Within each stratigraphic group the collections are
ordered by easting to facilitate reference from map to listing,
or vice versa.

The fossil listing presents information as shown in the
examples below. On the top is a sample, on the bottom is the
same format showing the names of the fields. The contents of
the fields are described below. The purpose of compiling this
information was to query a large volume of information, in
order to recognize patterns. This requires expressing the
information in a consistent format. There are some situations
in which compromises were made in creating the database,
and these are also described below.

C-201283 ATG 91 233 N15 104 B/15 382430   6302830
M.J. Orchard OF-1993-23
Gnathodus bilineatus (Roundy 1926) (10); Idioprioniodus sp. (10);
ramiform elements (28); ichthyoliths; sphaeromorphs; bryozoans.
REMARKS:
AGE:Late Visean to Early Namurian

Collection no. Field number                      NTS          Easting Northing
Identifier Report number     (Alternate rept.)
Fossil identifications
Remarks
Age

Figure A1. Sample of fossil list and explanation.

Collection number

GSC locality, a number preceded by C- for collections
curated in Calgary; O- for collections curated in Ottawa.

Field number

The field sample number given by the collector, in most cases
the person engaged in regional mapping. Letters identify an
individual or organization, date identifies the year collected,
and numbers identify the sample number. The following list
includes most of the parties involved.

For GSC personnel the letters are unique identifiers (EP -
Evenchick; GA - Gabrielse; PU - Poulton; RAK - Ricketts; SLA -
Sweet; TD - Tipper). Students engaged in work as parts of theses
related to a GSC project, and assistants in GSC field parties are
identified by a letter added to the end of the GSC code of the
GSC staff member involved, and the year. For example, GAx -
persons working under the direction of Gabrielse (GAE 79, 83,
85, 86, 87 - Evenchick; GAEN 81- England; GAR 81 - Reid;
GAG 81- Groves; GAH 81 - Hughes; GAA 83 - Arthur; GAG
83 - Gerasimoff; GAO) 83 - O’Brien; GAM 83 - Mustard; GAT
83 - Thomson; GAC 83 - Currie; GAD 83 - Duvadi; GAT 86, 87 -
Thorkelson). EPx - persons working under the direction of
Evenchick (EPC 89 to 93 - Greig; EPG 89, 90 - Green; EPM 88,
92 - Mustard; EPR 88 - Roots). Non-GSC personnel not using a
code related to a GSC employee: PLS - Smith (UBC); CAS -
Ash (BCMEMPR); R - Read (Geotex Consultants); P - Psutka
(Geotex Consultants).

NTS

National Topographic Survey map sheet number

Easting, Northing

Easting and northing, are given in NAD27, zone 9

Identifier

Paleontologist who wrote the fossil report, giving fossil iden-
tifications and age. In some circumstances abbreviations
were used in the database, these are: HWT - H.W. Tipper;
TPP - T.P. Poulton; JAJ - G. Jeletzky.

Report number

Fossil report number. For GSC reports, which are the vast
majority listed, these are in the form of three groups of letters
and numbers which may appear in different order. Letters are
unique identifiers of the scientist who wrote the report, num-
bers are the year the report was written, and the report number
for that year. Codes for the authors of reports are: HWT - Tipper;
OF, MJO - Orchard; TPP - Poulton; JAJ - Jeletzky; HG -
Frebold; ARS, AS - Sweet.

Reports were also made on contract to the GSC and these
are identified in most cases in a similar way, using the con-
tractors initials (EC - Carter; SM - MacLeod). Exceptions are
1) STANCLIFFE, a 1990 report of palynomorphs collected
by Evenchick, reported on by R.P.W. Stancliffe;
2) BRANTA 94-001, a 1994 report of palynomorphs col-
lected by Evenchick and reported on by E. Davies of Branta
Biostratigraphy Ltd (Calgary); 3) MISC 1-1989-FC and
F. Cordey 94-4, reports on radiolarians by F. Cordey.
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Some identifications only appear in theses, GSC papers,
or non-GSC reports. These are indicated by the authors name
and year of publication, in some cases the author of the publi-
cation is not the identifier. Such reports include: Currie
(1984); GSC Bul 411 (Poulton and Tipper, 1991); GSC
Bul 437 (Thomson and Smith, 1992).

A small number of collections made by paleontologists
(Tipper and Poulton) have no reports. In these cases the report
field is blank.

Alternate report

Shown in parentheses. Some collections have been discussed
in more than one report. In all cases the most recent report is in
the position of Report no., and older ones are in the position of
Alternate report.

Fossil identifications

Identifications made by the paleontologist. For the purposes
of database management several compromises were made in
the entry of fossil identifications. Only 312 characters in the
database were made available for fossil identifications. All
attempts were made to reproduce the report as written by the
paleontologist, but in order to cope with the longer entries,
some abbreviations were made and references omitted. In
addition, a small number of collections had identification lists
too large to include in total, and the reader is directed to the
original report.

Remarks

Remarks made by the paleontologist, with additional com-
ments by CAE. Where possible the remarks in the report are
reproduced as written by the paleontologist. Due to length
restrictions, some remarks are abbreviated or paraphrased.
Comments added by CAE refer to the accuracy of location
information, or conflict of location information in report, or
other inconsistency. A small number have remarks too long to
paraphrase, and the reader is referred to the original report.
Lengthy remarks on collections from the Bowser Lake and
Sustut groups are reproduced following the listing.

Age

Age given by the paleontologist. In most cases this is
expressed as in the original report. Some changes have been
made for the ease of database management and necessity of
consistency, but in all cases the meaning of the original report
is respected. These changes include: 1) change of Lower,
Middle, and Upper to Early, Middle, and Late, respectively;
2) changes of ordering of words if a range is given from youn-
ger to older, so that everywhere the range is expressed as
older to younger (i.e. Oxfordian to Kimmeridgian); 3) some
reorganization of words to give the age in a more concise
way, or to be consistent with the format of most of the ages;
4) ages followed by a question mark in parentheses are pre-
ceded by the word ‘probably’; 5) very tentative age determi-
nations are expressed in reports in a variety of ways; these
ages are preceded herein by the word ‘possibly’. Categoriza-
tion of the ages as ‘certain’, ‘probable’, or ‘possible’ was
described earlier. The reader is strongly encouraged to refer
to the original fossil report if the precise wording of the pale-
ontologist is a concern.



FOSSIL LIST
Fossil localities and interpretations were compiled mainly from paper copy
archives of unpublished fossil reports of the Geological Survey of Canada.
The fossil identifications and the ages interpreted are largely current, but data
from some of the older reports could not be confirmed, particularly where the
author of the original reports is no longer available. Fossil or age data quoted
by the reader should be followed by a citation the author of each individual
interpretation.

Paleozoic strata

C-87707 H 81 7F 104 H/13 447600  6428270
M.J Orchard OF-1993-29
Ichthyoliths.
REMARKS: Read 1984, GSC Open File 1080, F116; Orchard, 1986 No. 29.
Read notebook 16, p. 19.
AGE: Phanerozoic

C-87709 H  81 11F 104 H/13 451150  6427560
M.J. Orchard OF-1993-29
Bryozoan.
REMARKS:  Information found in Klepacki notebook 1, p. 43.
AGE: Phanerozoic

C-202652 MV 79 125B 104 H/13 451670  6427290
M.J. Orchard OF-1993-28
Iichthyoliths.
AGE: Phanerozoic

C-202653 MV 79 158A 104 H/13 453700  6416240
M.J. Orchard OF-1993-28
Ichthyoliths.
REMARKS: location given is station location; fossil location not marked on
base map, and could be up to 1 km to the north or northwest.
AGE: Phanerozoic

Samples from Paleozoic units, barren of radiolarians
or conodonts

Stuhini Group, Hazelton Group, strata transitional
between the two, and between them and the Bowser
Lake Group

C-177802 EP 90 16 104 H/12 442752  6388783
H.W.Tipper J9-1994-HWT (J2-1993-HWT)
Dubariceras freboldi.
AGE: Early Pliensbachian

C-175602 EP 89 62 104 H/12 444461  6388603
T.P. Poulton J6-1990-TPP
Pinna sp.; Entolium sp.; Lima(?) sp.; rhynchonellid brachiopods, indet.;
terebratulid brachiopods, indet. large.
AGE: Mesozoic, possibly Triassic or Jurassic

C-175603 EP 89 63 104 H/12 444555  6388718
T.P. Poulton J6-1990-TPP
Pinna sp.; Lima(?) sp.
REMARKS:  pinna.
AGE: Mesozoic, possibly Triassic or Early Jurassic

C-175695 EP 89 310 104 H/12 446986  6392320
T.P. Poulton J6-1990-TPP
Pholadomya sp.; Lima(?) sp.; Entolium(?) sp.; Astarte(?) sp.; terebratulid
brachiopods, indet. large; rhynchonellid brachiopod(?).
AGE: probably Triassic or Early Jurassic

C-117112 R84 3F 104 H/13 450400  6405400
M.J. Orchard OF-1993-29
Neogondolella sp. cf. N. steinbergensis (Mosher, 1968) (1).
REMARKS: Information found in Read notebook 20, p. 22, project: Stikine
River.  Crystalline matrix from  limestone pebble conglomerate.
AGE: Middle to Late Norian

C-87708 H 81 10F 104 H/13 450890  6426180
M.J. Orchard OF-1993-29
Neogondolella ex gr. constricta (Mosher & Clark, 1965) (21); ramiform
elements (50).
REMARKS: Read 1984, GSC Open File 1080, F124; Orchard 1986, No. 29.
Read notebook 16, p. 20.
AGE: Late Anisian to Early Ladinian

C-117111 R84 2F 104 H/13 451200  6405050
M.J. Orchard OF-1993-29
Epigondolella ex gr. bidentata Mosher 1968 (2); ramiform elements (1).
REMARKS: Information found in notebook 20, p. 21. Project: Stikine
River.
AGE: Late Norian

C-87249 H 81 17FM 104 H/13 453950  6415630
H.W. Tipper J2-1983-HWT (J2-1982-HWT)
Weyla?; solitary coral.
REMARKS: F127; Some fragments of coarse ribbed form like Weyla but
none identified, several smooth bivalves.; the slip says “Toodoggone
volcanics” but the solitary corals are unusual for the Jurassic in this area.
Could these be Permian? or Triassic?
AGE: indeterminate

C-87654 81 H 12F 104 H/13 460000  6415330
M.J. Orchard OF-1993-29
Epigondolella sp. cf. E. triangularis (Budurov 1972) (3); conodonts,
ichthyoliths, shell fragments.
REMARKS:  Read 1990, GSC Open File 2241, F128.
AGE: late Early to early Middle Norian

C-87655 81 H 13F 104 H/13 460000  6415330
M.J. Orchard OF-1993-29
Epigondolella sp. cf. E. triangularis (Budurov 1972) (8).
REMARKS:  Read 1990, GSC Open File 2241, F128.
AGE: late Early to early Middle Norian

C-87248 H 81 15FM 104 H/13 463776  6401076
H.W. Tipper J2-1983-HWT (J2-1982-HWT)
Pecten; Denckmannia? sp.; Haugia sp.?; belemnite.
AGE: Middle or Late Toarcian

C-103177 PLS 83 32c 104 H/13 465655  6412720
H.W. Tipper J19-1986-HWT
Lioceratoides propinquum (Whiteaves, 1884); Protogrammoceras sp.
REMARKS: F138 on Read’s Open File 2241 (1990) at elevation 4975 ft.;
age given on map as latest Pliensbachian and early Toarcian, but in report is
Late Pliensbachian.
AGE: Late Pliensbachian

C-103182 PLS 83 37c 104 H/13 465670  6412720
H.W. Tipper Read, 1990
REMARKS: F138 on Read’s GSC Open File 2241; elevation 5025 ft.; age
given on map.
AGE: Early Toarcian

C-87250 H 81 20F 104 H/13 465950  6414290
H.W. Tipper J2-1983-HWT (J2-1982-HWT)
Dactyliceras aff. D. (Orthodactylites) tenuicostatum (Young and Bird);
Harpoceras sp. (one specimen).
REMARKS:  Read 1990, GSC Open File 2241, F131.
AGE: Early Toarcian

C-90698 H 81 21F 104 H/13 466090  6414175
H.W. Tipper J2-1983-HWT (J2-1982-HWT)
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C-no. Field no. NTS Easting Northing Report

208838 96-CAS-180 104 H/13 441564 6416206 None
208839 96-CAS-1319 104 H/13 445578 6415603 None
208836 96-CAS-092A 104 H/13 451450 6412950 None
208837 96-CAS-092B 104 H/13 451450 6412950 None
208835 96-CAS-MMI-20-12 104 H/13 453114 6410372 None
208840 96-CAS-155 104 H/13 454850 6409750 None
116491 EP 88 317.1 104 H/13 458621 6425642 E.S. Carter 91-6



Harpoceratid-like form large; Dactylioceras aff. D. alpestre Wiedenmayer;
Dactylioceras sp. cf. D. pseudocommune Fucini; Weyla cf. W.
bodenbenderi; Pecten sp. (fairly smooth form); rhynchonellid; terebratulids.
REMARKS:  Read 1990, GSC Open File 2241, F133.
AGE: Toarcian, probably Middle Toarcian

C-103174 PLS 83 29 104 H/13 466150  6412800
P.L. Smith GSC Bul. 437 (J19-1986-HWT)
Tiltoniceras propinquum; Protogrammoceras spp.
REMARKS: location as given in lats and longs in Bulletin 437; could not be
verified; probably within 300 m. Other collections from same general loca-
tion but not listed in file are C-103171, C-103173, C-103175, C-103179; all
in report J19-1986-HWT.
AGE: Late Pliensbachian

C-103428 9F C 104 H/13 466800  6413200
H.W. Tipper none
REMARKS:  F137 on Read’s GSC Open File 2241.
AGE: Middle Toarcian

C-90732 H 81 22FM 104 H/13 469200  6413600
H.W. Tipper J2-1983-HWT (J2-1982-HWT)
True belemnite.
REMARKS: Not older than Toarcian, resembles Toarcian lithology father
east; F135 on Read’s GSC Open File 2241.
AGE: Toarcian

C-117114 R 84 12f 104 H/14 477670  6400920
E.T. Tozer J2-1985-HWT
No fossils listed in report.
REMARKS: The collection sent to E.T. Tozer. F167 on P. Read’s GSC
Open File 2241.
AGE: probably Late Triassic

C-116293 R 83 45FM 104 H/14 479650  6409560
T.P. Poulton J11-1989-TPP (J2-1983-HWT)
Pectinacean bivalves; terebratulid brachiopods.
REMARKS: Probably Early Jurassic. The fossils present in the collection
are not diagnostic for a detailed age determination, and the age interpretation
is based on the general aspect of the fauna. F142 on Read’s GSC Open
File 2241.
AGE: probably Early Jurassic

C-116298 P 83 52FM 104 H/14 480550  6409370
H.W. Tipper J2-1983-HWT
Fragments of shell material similar to C-116293.
REMARKS:  Read 1990, GSC Open File 2241, F143.
AGE: probably Early Jurassic

C-116297 P 83 53FM 104 H/14 480770  6407800
H.W. Tipper J2-1983-HWT
Weyla? very small specimens.
REMARKS: Rock is made up of shell debris much of which appears to be
pieces of Weyla shell; F144 on Read’s 1990 GSC Open File 2241.
AGE: Early Jurassic

C-116432 GAT 87 75.2 104 H/14 481663  6404264
H.W.Tipper J3-88-HWT
Fragment of Oxytoma.
AGE: possibly Jurassic

C-116299 P 83 51FM 104 H/14 482900  6406790
H.W. Tipper J2-1983-HWT
?Cardinia sp.; belemnites (true belmnite?); other bivalves.
REMARKS:  Read 1990, GSC Open File 2241, F146.
AGE: Early Jurassic, probably Toarcian

C-116296 P 83 57FM 104 H/14 483650  6404780
E.T. Tozer J2-1983-HWT
Cassianella sp.?; Pecten cf. P. tyaughtonae? McLearn. Other ornate bivalves
similar to forms described from Tyaughton Creek by F.H. McLearn
(Canadian Field Naturalist V. LV1, No. 7 Oct. 1942).
REMARKS: probably Amoenum zone. Sent to E.T. Tozer; F155 on Read’s
1990 GSC Open File 2241.
AGE: probably Late Norian

C-116295 P 83 59FM 104 H/14 483840  6404170
E.T. Tozer J2-1983-HWT

cf. Mytilus shulapsensis McLearn; Gryphaea sp.?; terebratulids; other
bivalves.
REMARKS: Amoenum zone. Sent to E.T. Tozer; F160 on Read’s 1990
GSC Open File 2241.
AGE: probably Triassic

C-116435 GAT 87 84.3 104 H/14 484385  6403325
H.W. Tipper J3-88-HWT
Monotis sp.
AGE: Late Norian

C-116436 GAT 87 85.1 104 H/14 484386  6403541
H.W. Tipper J3-88-HWT
Corals, brachiopods, crinoid fragments, bryozoa(?).
AGE: possibly Triassic

C-116291 R 83 48FM 104 H/14 485650  6401840
M.J. Orchard OF-1993-29
Epigondolella ex gr. bidentata Mosher 1968 (1).
REMARKS:  F162 on Read’s GSC Open File 2241.
AGE: Late Norian

C-116291 R 83 48FM 104 H/14 485650  6401840
E.T. Tozer J2-1983-HWT
Cassionella sp.; nautilus; terebratulids; various ornate bivalves;
2 ammonites, gen. & sp. not determined.
REMARKS:  Amoenum zone.  Sent to E.T. Tozer.
AGE: Late Norian

C-116292 R 83 47FM 104 H/14 487120  6401400
H.W. Tipper J2-1983-HWT
Tubular fillings not obviously organic in origin.
REMARKS:  F164 on Read’s GSC Open File 2241.
AGE: indeterminate

C-88209 GA 83 55F 104 H/11 488581  6397126
H.W. Tipper J7-1988-HWT
Terebratulids; bivalves.
AGE: indeterminate

C-88208 GA 83 53F 104 H/11 489520  6394760
T.P. Poulton J7-1989-TPP (J7-88-HWT)
Myophorella sp.; Pleuromya sp.; Astarte sp.; ammonites, indet.; bivalves,
indet.
AGE: indeterminate

C-116447 GAT 87 109.3 104 H/11 489659  6397700
H.W. Tipper J3-88-HWT
Nautiloid; high spired gastropod; smooth bivalves.
REMARKS: Not diagnostic; nautiloids are known in the Pliensbachian of
this area.
AGE: probably Pliensbachian

C-103429 TD 83 8F 104 H/11 489674  6397308
P.L. Smith GSC Bul 437
Tropidoceras ? sp.
REMARKS:  location approximate, ± 1 km.
AGE: Early Pliensbachian

C-103056 GAO 83 4B 104 H/11 489770  6397600
P.L. Smith GSC Bul 437
Metaderoceras sp. aff. M. talkeetnaense; Weyla bodenbenderi; Otapiria?
sp.; Cardinia sp.; Cenoceras sp.; gastropods.
AGE: Early Pliensbachian

C-103052 GAO 83 2 104 H/11 490240  6396780
P.L. Smith GSC Bul 437
Miltoceras sp.; Camptonectes (Camptochlamys) sp.; Cardinia sp.; Serpula
sp.; gastropods; terebratulid brachiopods; rhynchonellid brachiopods.
AGE: Early Pliensbachian

C-88107 GAE 87 451.3 104 H/11 491064  6376330
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Ammonites, indet. undeterminable fragments.
AGE: possibly Bathonian or Callovian

C-116441 GAT 87 92.2 104 H/11 491397  6398350
H.W. Tipper J3-88-HWT
Weyla bodenbenderi; terebratulid brachiopod.
AGE: Early Jurassic
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C-116899 GAE 87 432 104 H/11 493138  6374078
T.P. Poulton J5-1988-TPP
Ammonite, indet. imprint of small fragment, undeterminable.
AGE: indeterminate

C-88101 GAE 87 433.3 104 H/11 493148  6373525
T.P. Poulton J5-1988-TPP (J4-88-HWT)
Kepplerites(?) sp. poorly preserved, small fragment; Iniskinites(?) sp. poorly
preserved, small fragment of venter of large specimen; Xenocephalites(?) sp.
poor imprint of small specimen; belemnite, indet.
AGE: probably Late Bathonian or Early Callovian

C-116896 GAE 87 427 104 H/11 493455  6373054
T.P. Poulton J5-1988-TPP (J4-88-HWT)
Ammonite, indeterminate imprint of small specimen.
REMARKS: The identification of Parareineckeia sp. by H. Tipper is possi-
ble, but the specimen is not sufficient to be confidently identified.
AGE: probably Middle or Late Jurassic

C-88103 GAE 87 435 104 H/11 494047  6373094
T.P. Poulton J5-1988-TPP (J4-88-HWT)
Ammonites, indet. small fragments. The identification of Iniskinites? sp.
(J4-HWT-1988) is possible, but the specimen is not sufficient to identifiy
with confidence; belemnites, indet.
AGE: probably Jurassic, possibly Bathonian or Callovian

C-103194 PLS 83 49 104 H/11 496300  6396690
Tipper and Poulton GSC Bul 411 (KM-6-1985-JAJ)
Tmetoceras kirki Westerman; Erycitoides howelli (White); Erycitoides(?)
sp.; Planammatoceras(?) sp.; Pseudolioceras sp.; Leioceras(?) sp.;
Camptonectes(?) sp.; ostreiid bivalves; belemnite; arthropods(?);
Belemnopsis Bayle 1878 (s.l.).
REMARKS: location approximate, ± 300 m; belemnite reported in
KM-6-1985-JAJ.
AGE: Aalenian

C-117224 TD 85 1 FA 104 H/11 496300  6396690
Tipper and Poulton GSC Bul 411
Ammonite, indet.
REMARKS:  location approximate, ± 300 m.
AGE:probably Aalenian

C-116448 GAT 87 126.2 104 H/11 496350  6396600
T.P. Poulton J13-1989-TPP (J3-88-HWT)
Tmetoceras(?) sp.; Erycitoides howelli (White); Inoceramus(?) sp.; ostreiid
bivalves, indet.
REMARKS:  Precise location uncertain.
AGE: Middle Aalenian

C-88151 GAT 87 126.5 104 H/11 496540  6396900
H.W. Tipper J3-88-HWT
Weyla alata; W. bodendenderi; W. acutiplicata; various small bivalves.
AGE: Early Jurassic

C-177843 EP 90 277 104 H/11 496812  6397938
H.W. Tipper J9-1994-HWT (J2-1993-HWT)
Tropidoceras actaeon; Tropidoceras sp.; bivalves, indet.
AGE: Early Pliensbachian

C-177845 EP 90 278 104 H/11 497435  6397537
H.W. Tipper J9-1994-HWT (J2-1993-HWT)
Dubariceras freboldi
AGE: Early Pliensbachian

C-103221 GAT 83 123.1 104 H/11 498550  6375500
R.C. Thomson GSC Bul 437
Dubariceras freboldi
AGE: Early Pliensbachian

C-103444 TD 83 58 104 H/11 498600  6383000
H.W. Tipper
No fossil identifications in file.
AGE: Early Bajocian

C-103222 GAT 83 123.2 104 H/11 498610  6376050
R.C. Thomson GSC Bul 437
Tropidoceras sp. cf. T. flandrini
AGE: Early Pliensbachian

C-88175 EP 88 85 104 H/11 499167  6383603
T.P. Poulton J12-1989-TPP
Belemnites, indet.
AGE: Middle Toarcian to Cretaceous

C-103067 GAO 83 7B 104 H/11 499168  6376854
P.L. Smith GSC Bul 437
Fanninoceras Iatum; Arieticeras sp.
REMARKS: location given in database is from lat.s and long.s in Bulletin
and could not be confirmed (not on base map); sample number is probably
GAO 83 17B.
AGE: Late Pliensbachian

C-103445 TD 83 60 104 H/11 499170  6383420
H.W. Tipper
No fossil identifications in file.
AGE: Late Toarcian

C-103446 TD 83 60.1 104 H/11 499170  6383420
H.W. Tipper
No fossil identifications in file.
AGE: Late Toarcian

C-90716 GAH 81 146.1 104 H/10 500070  6377930
J.A. Jeletzky KM-6-1985-JAJ
Indeterminate true belemnite (Belemnitida Zittel 1895 sensu Jeletzky 1966).
REMARKS:  age from report km-4-1985-JAJ.
AGE: Jurassic or Cretaceous, probably Toarcian to Early Aptian

C-90715 GAH 81 146 104 H/10 500200  6378320
Tipper and Poulton GSC Bul 411
Tmetoceras scissum (Benecke); Tmetoceras kirki(?) Westermann; Troitsaia
westermanni sp. nov.; Phylloceras(?) sp.; Planammatoceras(?) sp.;
Inoceramus sp.; belemnites.
AGE: Aalenian

C-90714 GAH 81 145.2 104 H/10 500540  6378560
H.W. Tipper
No fossil identifications in file.
AGE: Pliensbachian to Toarcian

C-90713 GAH 81 145.1 104 H/10 500800  6378570
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic

C-88152 GAT 87 147.1 104 H/10 500870  6396400
H.W. Tipper J3-88-HWT
Protogrammoceras sp.
AGE: probably Late Pliensbachian

C-90712 GAH 81 145 104 H/10 500960  6378520
H.W. Tipper
No fossil identifications in file.
AGE: Toarcian

C-103412 TD 83 38F 104 H/10 501070  6397530
P.L. Smith GSC Bul 437
Dubariceras freeboldi; Oxytoma sp.
AGE: Early Pliensbachian

C-117206 GA 85 13F 104 H/10 501180  6395870
P.L. Smith GSC Bul 437
Uptonia? sp.; Metaderoceras talkeetnaense; Metaderoceras sp. cf.
M. mouterdei.
AGE: Early Pliensbachian

C-117207 GA 85 14F 104 H/10 501440  6396600
H.W. Tipper J7-1988-HWT
Dubariceras freboldi; Weyla sp.; nautiloid.
AGE: Early Pliensbachian

C-175601 EP 89 30 104 H/10 502297  6395616
T.P. Poulton J6-1990-TPP
Tropidoceras(?) sp.; Metaderoceras(?) sp.
REMARKS:  talus.
AGE: probably Early Pliensbachian
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C-103421 TD 83 35F 104 H/10 502660  6395520
Tipper and Poulton GSC Bul 411
Planammatoceras(?) sp.; Tmetoceras(?) sp.; Inoceramus sp.;
Aequipecten(?) sp.; Pleuromya(?) sp.; bivalves.
REMARKS: location given by collector different from location in
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103413 TD 83 27F 104 H/10 502810  6396530
Tipper and Poulton GSC Bul 411
Ammonite, indet., could be Leioceras(?)
REMARKS: location given by collector different from location in
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103414 TD 83 27aF 104 H/10 502890  6396340
Tipper and Poulton GSC Bul 411
Pseudolioceras(?) sp.
REMARKS: location given by collector different from location in GSC
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103419 TD 83 30F 104 H/10 502920  6395570
Tipper and Poulton GSC Bul 411
Astarte sp.; brachiopods.
REMARKS: location given by collector different from location in
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103415 TD 83 28cF 104 H/10 502920  6396140
Tipper and Poulton GSC Bul 411
Entolium sp.; Aequipecten(?) sp.; other bivalves; gastropod; brachiopods.
REMARKS: location given by collector different from location in
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103418 TD 83 32F 104 H/10 502940  6395760
Tipper and Poulton GSC Bul 411
Gryphaea(?) sp.; Aequipecten(?) sp.; bivalves.
REMARKS: location given by collector different from location in
Bulletin 411; location on map ± 500 m.
AGE: Aalenian

C-103416 TD 83 28bF 104 H/10 502950  6395970
Tipper and Poulton GSC Bul 411
Tmetoceras kirki Westermann; Entolium sp.; Inoceramus sp.
REMARKS: location given by collector different from location in Bulletin
411; location on map ± 500 m.
AGE: Aalenian

C-90950 GAT 83 54.1 104 H/10 503070  6373350
R.C. Thomson GSC Bul 437
Dubariceras freboldi; Dubariceras silviesi.
AGE: Early Pliensbachian

C-103211 GAT 83 103a 104 H/10 503520  6373910
Tipper and Poulton GSC Bul 411
Tmetoceras sp.; Pseudolioceras(?) sp.; Erycitoides sp.; Leioceras(?) sp.;
Inoceramus sp.
AGE: Aalenian

C-90679 GAR 81 41E 104 H/10 503810  6380530
T.P. Poulton; HWT J1-1998-TPP (J6-88-HWT)
J6-HWT-1988: ammonite fragments; J1-1998-TPP: undeterminable
ammonite fragment.
REMARKS: Only undeterminable ammonite fragments are seen in the col-
lection at present. They do not permit a precise age determination. Perhaps
other material was available for earlier reports. (See J6-HWT-1988).
AGE: indeterminate

C-90668 GAR 81 41 104 H/10 503810  6380290
H.W.Tipper J6-88-HWT
Organic material.
AGE: indeterminate

C-90963 TD 83 73F 104 H/10 503838  6381185
Tipper and Poulton GSC Bul 411
Erycitoides howelli (White).
REMARKS:  location approximate.
AGE: Aalenian

C-101213 TD 83 75F 104 H/10 503854  6381216
Tipper and Poulton GSC Bul 411
TmetoceraskirkiWesterman;Erycitoides(?)sp.;Zurcheria(?)sp.;Leioceras(?)sp.
REMARKS:  location approximate.
AGE: Aalenian

C-90961 TD 83 74F 104 H/10 503854  6381525
Tipper and Poulton GSC Bul 411
Tmetoceras sp.
REMARKS:  location approximate.
AGE: Aalenian

C-90676 GAR 81 41B 104 H/10 503920  6380380
T.P. Poulton; HWT J1-1998-TPP (J6-88-HWT)
J6-HWT-1988: bivalves; J1-1998-TPP: Ostrea sp.; unidentifiable
ammonite.
REMARKS: Only the bivalve Ostrea sp. and an unidentifiable ammonite are
seen in the collection at present. They do not permit a precise age determination.
Perhaps other material was available for earlier reports. (See J6-HWT-1988).
AGE: indeterminate

C-90677 GAR 81 41C 104 H/10 503920  6380440
H.W. Tipper J6-88-HWT
Ammonite fragments.
AGE: Early or Middle Jurassic

C-90688 GAR 81 32.10 104 H/7 503965  6370540
H.W. Tipper
No identifications in file.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Jurassic

C-90685 GAR 81 32.7 104 H/7 503970  6370570
H.W. Tipper
No identifications in file.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Jurassic

C-90686 GAR 81 32.8 104 H/7 503970  6370560
H.W. Tipper
No identifications in file.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Jurassic

C-90687 GAR 81 32.9 104 H/7 503970  6370550
H.W. Tipper J13-1986-HWT
Weya sp.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Pliensbachian

C-90684 GAR 81 32.6 104 H/7 503975  6370580
H.W. Tipper J13-1986-HWT
Arieticeras sp.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Late Pliensbachian

C-90680 GAR 81 32.2 104 H/7 503980  6370620
H.W. Tipper J13-1986-HWT
Uptonia(?) sp.; Metaderoceras silviesi (Hertlein); Vaugonia sp.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Pliensbachian
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C-90681 GAR 81 32.3 104 H/7 503980  6370610
H.W. Tipper J13-1986-HWT
Weyla sp.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Pliensbachian

C-90664 GAR 81 32.1 104 H/7 503980  6370625
H.W. Tipper J13-1986-HWT
Dubariceras freboldi; Metaderoceras muticum; Cardinia; Gervillia; Trigonia.
AGE: Early Pliensbachian

C-90683 GAR 81 32.5 104 H/7 503980  6370590
H.W. Tipper J13-1986-HWT
Arieticeras algovianum (Oppel); Weyla(?) sp.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Late Pliensbachian

C-90682 GAR 81 32.4 104 H/7 503980  6370600
H.W. Tipper J13-1986-HWT
?Reynesocoeloceras sp.; Uptonia(?) sp.; rhynchonellid brachiopods, indet.
REMARKS: samples C-90680 to C-90688 are from talus over about 200 m
of clastic section overlying volcanic rocks on south side of Joan Lake
Anticline.
AGE: Early Pliensbachian

C-90678 GAR 81 41D 104 H/10 504020  6380510
Tipper and Poulton GSC Bul 411
Pseudolioceras sp.; ammonite indet.; Inoceramus sp.
AGE: Aalenian

C-103223 GAT 83 125A 104 H/10 504153  6382113
P.L. Smith GSC Bul 437
Leptaleoceras sp. aff. L. accuratum; Arieticeras sp. aff. A. algovianum;
Protogrammoceras spp.
REMARKS:  location approximate.
AGE: Late Pliensbachian

C-103224 GAT 83 125B 104 H/10 504153  6382113
P.L. Smith GSC Bul 437
Leptaleoceras sp. aff. L. accuratum; Arieticeras sp. aff. A. algovianum;
Protogrammoceras spp.; Arieticeras sp. cf. A. ruthenense; Canavaria? sp.;
Tiltoniceras propinquum.
REMARKS:  location approximate.
AGE: Late Pliensbachian

C-103226 GAT 83 126B 104 H/10 504153  6382113
P.L. Smith GSC Bul 437
Tiltoniceras propinquum.
REMARKS:  location approximate.
AGE: Late Pliensbachian

C-90675 GAR 81 42E 104 H/10 504310  6381480
H.W. Tipper J6-88-HWT
Harpoceratids; belemnites; dactylioceratid.
AGE: Early Toarcian

C-90670 GAR 81 42F 104 H/10 504370  6381360
H.W. Tipper J6-88-HWT
Harpoceratids; belemnites.
AGE: Early Toarcian

C-90672 GAR 81 42H 104 H/10 504400  6381400
H.W. Tipper J6-88-HWT
Harpoceratids - several species; aptychi; belemnites.
AGE: Early Jurassic

C-90671 GAR 81 42G 104 H/10 504400  6381400
H.W. Tipper J6-88-HWT
Haugia?
REMARKS:  location ± 300 m.
AGE: Middle Toarcian

C-90669 GAR 81 42K 104 H/10 504680  6381620
H.W. Tipper J6-88-HWT
Harpoceratid.
AGE: Early or Middle Toarcian

C-90673 GAR 81 42I 104 H/10 504700  6381490
H.W. Tipper J6-88-HWT (KM-4-1985-JAJ)
Ammonites, indet.; Conodicoelites sp.
REMARKS:  location ± 300 m; belemnite noted in KM-4-1985-JAJ
AGE: Early Jurassic

C-90674 GAR 81 42J 104 H/10 504700  6381490
H.W. Tipper J6-88-HWT
Haugia? Haugiella?
AGE: Middle or Late Toarcian

C-81970 79TD 214 FA 104 H/10 504967  6395103
P.L. Smith GSC Bul 437 (J-5-1980-HF)
Acanthopleuroceras sp. aff. A. stahli; Metaderoceras evolutum; Otapiria?
sp.; Phylloceras sp.; gastropods.
REMARKS:  location approximate ± 1 km.
AGE: Early Pliensbachian

C-90717 GAH 81 147 104 H/10 505520  6379450
H.W. Tipper
No fossil identifications in file.
AGE: Early Jurassic

C-90718 GAH 81 147.1 104 H/10 505520  6379450
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic

C-90720 GAH 81 148.2 104 H/10 505800  6379840
H.W. Tipper
No fossil identifications in file.
AGE: Early Jurassic

C-88219 TD 83 90 104 H/10 505800  6379900
J. Jeletzky KM-4-1985-JAJ
Conodicoelites sp. indet.; Lenobelus? sp. indet. (poor fragments).
AGE: Middle to Late Toarcian

C-88216 TD 83 87F 104 H/10 505820  6379790
H.W. Tipper GSC Bul 411
Ammonite, indet.
REMARKS:  location approximate, ± 500 m.
AGE: Toarcian or Aalenian

C-103425 TD 83 4F 104 H/10 505820  6379770
Tipper and Poulton GSC Bul 411
Pseudolioceras sp.; Tmetoceras sp.; Leioceras(?) sp.; Planammatoceras(?)
sp.
REMARKS:  location approximate, ± 500 m; base of Quock Formation.
AGE: Aalenian

C-90719 GAH 81 148.1 104 H/10 505870  6379960
Tipper and Poulton GSC Bul  411
Erycitoides howelli (White); Erycitoides sp.; Erycitoides(?) sp.;
Planammatoceras (?) sp. ; Zurcheria (?) sp. ; Pseudol ioceras
(Pseudolioceras) sp.; Pseudolioceras (Tugurites) sp. cf. P. whiteavesi
(White); Leioceras(?) sp.; Inoceramus sp.; ammonite sp.
AGE: Aalenian

C-90723 GAH 81 149.2 104 H/10 505880  6381150
J.A. Jeletzky KM-6-1985-JAJ
Belemnitida(?) sp; Aulacocerida(?).
REMARKS: An indeterminate representative of the subclass Coleoidea
Bather 1888 that can belong either to the order Belemnitida Zittel 1885 sensu
Jeletzky 1966 or to the order Aulacocerida Stolley 1919.
AGE: Late Paleozoic to Mesozoic

C-90722 GAH 81 149.1 104 H/10 505930  6380510
H.W. Tipper
No fossil identifications in file.
AGE: Early Jurassic

C-103200 TD 83 41F 104 H/7 506000  6372580
Tipper and Poulton GSC Bul 411
Tmetoceras sp.; Inoceramus.
REMARKS:  location approximate, ± 600 m.
AGE: Aalenian
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C-90747 TD 104 H/7 506000  6372580
Tipper and Poulton GSC Bul 411
Tmetoceras scissum (Benecke); Inoceramus sp.; Entolium sp.
REMARKS:  location approximate ± 600 m.
AGE: Aalenian

C-107886 PU 83 104 H/7 506000  6372580
Tipper and Poulton GSC Bul 411
Leioceras(?) sp.
REMARKS:  location approximate ± 600 m.
AGE: Aalenian

C-116478 EP 88 284.2 104 H/10 506007  6384499
T.P. Poulton J7-1989-TPP
Acanthopleuroceras(?) sp.; Camptochlamys(?) sp.; Vaugonia sp. aff.
vancouverensis Poulton.
AGE: middle Early Pliensbachian

C-90828 GAT 83 33.1 104 H/7 506250  6371860
R.C. Thomson GSC Bul 437
Modiolus sp.; colonial corals.
AGE: Early Pliensbachian

C-90746 TD 104 H/7 506250  6372380
Tipper and Poulton GSC Bul 411
Planammatoceras(?) sp.
REMARKS:  location approximate ± 600 m.
AGE: Aalenian

C-90745 TD 104 H/7 506300  6372730
Tipper and Poulton GSC Bul 411
Erycitoides howelli (White).
REMARKS:  location approximate ± 600 m.
AGE: possibly Late Toarcian to Aalenian

C-116867 GAT 86 31.1 104 H/10 506791  6393559
H.W. Tipper J14-88-HWT
Bivalves.
AGE: possibly Early Jurassic

C-103448 TD 83 62 104 H/10 506900  6378550
J. Jeletzky KM-4-1985-JAJ
Belemnopsis Bayle 1878 (s. l.) sp. indet. (poor).
AGE: Late Toarcian to Bajocian

C-90730 GAP 81 9B 104 H/10 506900  6378700
H.W. Tipper J6-88-HWT
Peronoceras sp.; bivalves.
REMARKS:  location approximate, ± 1 km.
AGE: Middle Toarcian

C-90729 GAP 81 9C 104 H/10 506900  6378900
H.W. Tipper J6-88-HWT (KM-4-1985-JAJ)
Myophorella sp.; ammonite, indet.; indet. true belemnites (report
km-4-1985-JAJ).
REMARKS: location approximate, ± 1 km; belemnite determination from
km-4-1985-JAJ, others from J6-1988-HWT.
AGE: Middle to Late Jurassic

C-90731 GAP 81 9A 104 H/10 506900  6378450
H.W. Tipper J6-88-HWT
Haugia?
REMARKS:  location approximate, ± 1 km.
AGE: Middle or Late Toarcian

O-28922 CB 1 3F 104 H/10 507080  6393670
H.W. Tipper J20-1986-HWT
Pleuromya sp.; Cardinia sp.; trace fossils; wood fragments.
AGE: Pliensbachian

C-103304 GAT 83 4.2 104 H/7 507200  6371600
H.W. Tipper GSC Bul 437 (J8-1985-HWT)
Tropidoceras? sp.
AGE: Early Pliensbachian

C-117271 GAE 85 87 104 H/10 507353  6386525
H.W. Tipper J7-1988-HWT (J23-1986-HWT)
Dubariceras freboldi; lytoceratid ammonite; coquina of bivalves.
AGE: Early Pliensbachian

C-90659 GAR 81 25 104 H/7 507460  6371040
H.W. Tipper J13-HWT-1986
Dubariceras freboldi Dommergues, Mouterde and Rivas; Metaderoceras
sp.; Weyla sp.; Gervillia sp.
AGE: Early Pliensbachian

C-116868 GAT 86 90.2 104 H/10 507580  6386540
H.W. Tipper J14-88-HWT
Tropidoceras sp?
AGE: middle Early Pliensbachian

C-90660 GAR 81 26 104 H/7 507840  6371210
H.W. Tipper J6-88-HWT
Haugia?; Dactylioceras?; Harpoceras.
AGE: possibly Toarcian

C-90661 GAR 81 27 104 H/7 507980  6371400
H.W. Tipper J6-88-HWT
Polyplectus sp.
AGE: Toarcian, possibly Middle Toarcian

C-90662 GAR 81 28 104 H/7 508010  6371630
TPP; HWT; JAJ J1-1998-TPP  (J6-88-HWT;KM-6-1985-JAJ)
KM-6-1985-JAJ: indet. true belemnites (Belemnitida Zittel 1985 sensu
Jeletzky 1966); J6-88-HWT: fragment of a bivalve?; J1-1998-TPP: belem-
nite.
REMARKS: Only a medium-sized belemnite is seen in the collection at
present, suggesting a mid-Toarcian to Early Oxfordian age. Perhaps other
material was available for earlier reports (J6-88-HWT, Km-6-1985-JAJ).
AGE: probably Middle Toarcian to Early Oxfordian

C-117277 GAE 85 73 104 H/10 508186  6391405
H.W. Tipper J7-1988-HWT (J20-1986-HWT)
Acanthopleuoceras cf. thomsoni sp.; Acanthopleuoceras sp.; Weyla
acutiplicata; gastropod; bivalves.
REMARKS:  Early Plienbachian (Whiteavesi Zone).
AGE: Early Pliensbachian

C-90666 GAR 81 38 104 H/10 508230  6376580
H.W. Tipper; JAJ J6-88-HWT (KM-6-1985-JAJ)
Peronoceras?; hammatoceratid??; Belemnopsis Bayle 1878 (s. l.) sp. indet.
REMARKS:  belemnite reported on in KM-6-1985-JAJ.
AGE: possibly Early Toarcian

C-116866 GAT 86 13.2 104 H/10 508230  6391330
H.W. Tipper J14-88-HWT
Weyla sp.; bivalves.
AGE: Early Jurassic

C-90663 GAR 81 29 104 H/7 508250  6371240
TPP; HWT; JAJ J1-1998-TPP  (J6-88-HWT;KM-6-1985-JAJ)
KM-6-1985-JAJ: ?Conodicoelites sp. nov. aff. keeuwensis (Boehm 1906);
?Dicoelites sp. indet.; J6-88-HWT: fragment of a bivalve; J1-1998-TPP:
serpulid worm tubes encrusting fragment of bivalve or gastropod.
REMARKS: J1-1998-TPP: Fragments do not permit an age determination.
Perhaps other material was available for earlier reports (J6-88-HWT,
Km-6-1985-JAJ).
AGE: Jurassic or Cretaceous

C-90667 GAR 81 39 104 H/10 508330  6376770
H.W. Tipper J6-88-HWT
Weyla sp.; corals; trigoniid; brachiopod.
REMARKS:  from Joan Formation.
AGE: Early Pliensbachian

C-117274 GAE 85 77 104 H/10 509287  6391708
T.P. Poulton J2-1989-TPP(J7-88-HWT,J20,J23-
Weyla alata (von Buch); gastropod, indet.
AGE: Middle Sinemurian to Early Pliensbachian

C-116863 GAT 86 7.4 104 H/10 509380  6391650
H.W. Tipper J14-88-HWT
Weyla sp.; Tropidoceras? or Acanthopleuroceras?; gastropod; bivalves.
AGE: middle Early Pliensbachian

C-88154 GAT 87 239.1 104 H/10 509389  6380267
H.W. Tipper J3-88-HWT
Pholadomya; Weyla?; other bivalves; corals.
AGE: Early Jurassic, probably Pliensbachian

198



C-88155 GAT 87 240.1 104 H/10 509389  6380267
H.W. Tipper J3-88-HWT
Plant.
REMARKS: Plants such as these are common in the Upper Pliensbachian,
however, these are not definitive of age.
AGE: possibly Pliensbachian

C-116869 GAT 86 107.2 104 H/10 509470  6381210
H.W. Tipper J14-88-HWT
Weyla sp.; Prodactylioceras sp.; Pectinid bivalves; corals.
AGE: late Early Pliensbachian or early Late Pliensbachian

C-116864 GAT 86 8.2 104 H/10 509480  6391635
H.W. Tipper J14-88-HWT
Weyla sp.; bivalves.
AGE: Early Jurassic, probably Pliensbachian

C-117276 GAE 85 78 104 H/10 509528  6391864
P.L. Smith GSC Bul 437        (J7-88-HWT,  J20-198)
Metaderoceras sp. aff. M. talkeetnaense; Mytilus sp.
AGE: Early Pliensbachian

C-103432 TD 83 51F 104 H/10 510384  6374486
Tipper and Poulton GSC Bul 411
Entolium sp.; Camptonectes sp.; Inoceramus sp.; ammonite, indeterminate.
AGE: Aalenian

C-116875 GAE 86 305 104 H/10 510583  6374724
H.W. Tipper J5-1988-HWT
Dactylioceras sp.; Harpoceras sp.
AGE: Early Toarcian or Middle Toarcian

C-116876 GAE 86 308 104 H/10 511949  6374800
H.W. Tipper J5-1988-HWT
Weyla sp.; fragments of ammonites - Dubariceras and others. Possibly mixed.
REMARKS:  Top of E. Piensbachian.
AGE: Early Pliensbachian

C-116878 GAE 86 318 104 H/10 511955  6373530
H.W. Tipper J5-1988-HWT
Weyla sp.; Tropidoceras sp.; Acanthopleuroceras sp.
REMARKS:  base of Joan Lake section.
AGE: Early Pliensbachian to Middle Pliensbachian

C-116877 GAE 86 310 104 H/10 512731  6375228
H.W. Tipper J5-1988-HWT
Weyla sp.; Tiltoniceras sp.?
AGE: late Late Pliensbachian

C-88153 GAT 87 187.4 104 H/10 514205  6381054
H.W. Tipper J3-88-HWT
Undifferentiable bivalves.
AGE: possibly Pliensbachian

C-116874 GAE 86 301 104 H/10 514756  6373750
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Myophorella sp.; Astarte(?) sp.; Pleuromya sp.; Protocardia sp.
AGE: Middle Jurassic

C-88146 EP 88 31 104 H/7 528122  6367966
T.P. Poulton J12-1989-TPP
Ammonites, indet.
AGE: indeterminate

C-88159 GAT 87 213.9 104 H/7 529200  6370200
Orchard, Tipper OF-1992-8 (J3-88-HWT)
Pelecypod, poss. small Weyla; ichthyoliths, sponge spicules.
REMARKS:  matrix of olistolith.
AGE: Phanerozoic, possibly Early Jurassic

C-116852 GAE 86 190.2 104 H/8 537369  6362894
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Oxytoma sp.; Entolium sp.; Lima(?) sp.; Pleuromya(?) sp.; Myophorella(?)
sp.; belemnites, indet.
AGE: Middle Toarcian to Early Oxfordian

C-88195 EP 88 152 104 H/1 559403  6345162
T.P. Poulton J12-1989-TPP
Phylloceras sp.; ammonites, indet. various.
AGE: indeterminate

C-88194 EP 88 151.2 104 H/1 559535  6345312
E.S. Carter E.S Carter 90-1
Acaeniotyle? sp.; Archeocenosphaera sp.; Emiluvia typanica (Ozvoldova);
Higumastra transversa Blome; Orbiculiforma cf. iniqua Blome;
Pantanellium sp.; Paronella pessagnoi Blome; Paronella mulleri Pessagno;
Parvicingula communis Blome; Perispyridium cf. alinchakense Pessagno
and Blome; Perispyridium dettermani Pessagno and Blome; Perispyridium
aff. dettermani Pessagno and Blome; Pseudocrucella magna Blome;
Gastilium sp.; Orbiculiforma iniqua Blome; see report for more.
REMARKS: see report for lengthy comment.
AGE: Bathonian to Middle Callovian

C-88193 EP 88 151 104 H/1 559570  6345400
E.S. Carter OF-1993-24
Radiolarians; ichthyoliths; ammonite siphuncle?
REMARKS: B. Carter has radiolarians (15/6/89), identified Paronaella sp.
AGE: Jurassic to Cretaceous, probably Jurassic

C-88192 EP 88 150.2 104 H/8 559624  6345487
E.S. Carter OF-1993-24
Radiolarians.
REMARKS:  Carter has radiolarians (15/6/89). Slide with sphaeromorphs.
AGE: indeterminate

Samples barren of conodonts, radiolarians, or palynomorphs,
from the Stuhini Group, Hazelton Group, strata transitional
between these, and between the Hazelton Group and Bowser
Lake Group

Stuhini Group and Hazelton Group samples not submitted for
microfossil processing

Bowser Lake Group

C-177867 EPG 90 150 104 H/12 440150  6385250
T.P. Poulton J1-1991-TPP
Pleuromya sp.; terebratulid brachiopods, indet.
AGE: indeterminate

C-177866 EPG 90 147 104 H/12 440240  6385100
T.P. Poulton J1-1991-TPP
Lilloettia sp.; Xenocephalites sp.; Astarte sp.; Pleuromya sp.
AGE: Late Bathonian to Middle Callovian

C-177864 EPG 90 123.1 104 H/12 440435  6384850
T.P. Poulton J1-1991-TPP
Lilloettia sp. cf. buckmani (Crickmay).
AGE: probably Early or Middle Callovian, possibly Late Bathonian

C-107881 PU 83 DL 11 104 H/12 442050  6385690
AGE: Bathonian
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C-no. Field no. NTS Easting Northing Report

116490 EP 90 309.3 104 H/14 494450 6421520 OF-1993-24
171050 RAK 89 4 5 104 H/7 504550 6372284 STANCLIFFE
171025 RAK 89 1 5 104 H/7 504550 6372284 STANCLIFFE
88170 GAT 87 230.1 104 H/7 528135 6372931
101250 GAE 85 61 104 H/7 528237 6372068
88130 GAE 87 515.3 104 H/16 548910 6401868 MISC 1-1989-FC
88129 GAE 87 515.3 104 H/16 548938 6401868
116488 EP 88 298.2 104 H/16 550998 6402412 E.S. Carter 91-6
116487 EP 88 298.1 104 H/16 551035 6402399 E.S. Carter 91-6
116486 EP 88 297.2 104 H/16 551096 6402324 E.S. Carter 91-6

C-no. Field no. NTS Easting Northing

GAE 85 64 104 H/7 528285 6372901
116431 GAT 87 16.1 104 H/12 444843 6393775
116489 EP 90 309.1 104 H/14 494450 6421520
116449 GAT 87 126.3 104 H/11 496250 6396710
88148 EP 88 40.3 104 H/16 547975 6402035



C-90728 GAH 81 71.4 104 H/12 442050  6385690
H.W. Tipper
No fossil identifications in file.
AGE: Bathonian

C-177887 EPG 90 374 104 H/12 442170  6381330
T.P. Poulton J1-1991-TPP
Pleuromya sp.; Chlamys(?) sp.
AGE: Middle to Late Jurassic

C-177888 EPG 90 375 104 H/12 442250  6381330
T.P. Poulton J1-1991-TPP
Vaugonia doroschini (Eichwald).
REMARKS: see lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-177890 EPG 90 380 104 H/12 442410  6381300
T.P. Poulton J1-1991-TPP
Lilloettia(?) sp.; Pleuromya sp.
AGE: probably Late Bathonian or Early Callovian

C-177885 EPG 90 331 104 H/12 442560  6380100
T.P. Poulton J1-1991-TPP
Adabofoloceras sp.; Pleuromya sp.
REMARKS: see lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Bathonian to Oxfordian

C-177884 EPG 90 324 104 H/12 442650  6380050
T.P. Poulton J1-1991-TPP
Choffatia sp.; Myophorella packardi (Crickmay); Myophorella sp.;
Pleuromya sp.
AGE: probably Early Callovian

C-177886 EPG 90 342.1 104 H/12 442700  6380500
T.P. Poulton J1-1991-TPP
Choffatia(?) sp. - small fragments of large specimen; Quenstedtoceras sp.;
Pleuromya sp.
AGE: Late Callovian

C-177889 EPG 90 345 104 H/12 442760  6380580
T.P. Poulton J1-1991-TPP
Myophorella sp. aff. devexa (Eichwald); Anditirigonia(?) sp.; Astarte sp.;
Pleuromya sp.; Entlium sp.; bivalves, indet.
AGE: probably Callovian to Early Oxfordian

C-177875 EPG 90 227 104 H/12 443000  6381100
T.P. Poulton J1-1991-TPP
‘Perisphinctes’ sp.; Astarte(?) sp.; Myophorella sp.; Pleuromya sp.; Thracia
sp.; bivalves, indet.; belemnites, indet.
AGE: probably Early or Middle Oxfordian

C-187058 PU 89 2 7 104 H/12 443200  6380660
T.P. Poulton
AGE: probably Middle Callovian

C-187059 PU 89 2 8 104 H/12 443200  6380620
T.P. Poulton
AGE: Middle Callovian

C-187060 PU 89 2 9 104 H/12 443210  6380560
T.P. Poulton
AGE: probably Callovian

C-177891 EPK 90 43 104 H/12 443320  6379770
T.P. Poulton J1-1991-TPP
Astartid bivalves.
REMARKS: The small spherical black concretions are most common in
Lower Oxfordian beds regionally.
AGE: probably Middle or Late Jurassic

C-187055 PU 89 2 4 104 H/12 443740  6380210
T.P. Poulton
AGE: Early Callovian

C-187056 PU 89 2 5 104 H/12 443760  6380300
T.P. Poulton
AGE: Callovian

C-187053 PU 89 2 2 104 H/12 443840  6380010
T.P. Poulton
AGE: Early Callovian

C-187052 PU 89 2 1 104 H/12 443840  6379980
T.P. Poulton
AGE: Early Callovian

C-187057 PU 89 2 6 104 H/12 443850  6380600
T.P. Poulton
AGE: probably Middle Callovian

C-187054 PU 89 2 3 104 H/12 443850  6380060
T.P. Poulton
AGE: Early Callovian

C-175604 EP 89 68 104 H/12 443903  6379977
T.P. Poulton J6-1990-TPP
Cadoceras sp.; Pseudocadoceras sp.; Choffatia(?) sp.; Partschiceras sp.;
Camptonectes sp.; ‘Ostrea’ sp.; bivalves, indet.; belemnites, indet.;
rhynchonellid brachiopod, indet.
AGE: Early Callovian

C-175605 EP 89 71 104 H/12 443979  6380285
T.P. Poulton J6-1990-TPP
Cadoceras sp.; Pleuromya sp.; belemnite, indet.
AGE: Early or Middle(?) Callovian

C-187065 PU 89 2 14 104 H/12 444380  6379550
T.P. Poulton
AGE: Callovian

C-187061 PU 89 2 10 104 H/12 444500  6379280
T.P. Poulton
AGE: Callovian or Oxfordian

C-177876 EPG 90 240 104 H/12 444520  6379250
T.P. Poulton J1-1991-TPP
‘Perisphinctes’ sp.; Phylloceras sp.; Myophorella sp.; bivalves, indet.
AGE: probably Callovian or Early Oxfordian

C-187067 PU 89 2 16 104 H/12 444520  6380060
T.P. Poulton
AGE: Late Callovian

C-177877 EPG 90 242 104 H/12 444550  6379290
T.P. Poulton J1-1991-TPP
Myophorella sp. aff. devexa (Eichwald); Gresslya(?) sp.; Pleuromya sp.;
Astarte(?) sp.
AGE: probably Middle Callovian to Early Oxfordian

C-177878 EPG 90 245.2 104 H/12 444555  6379310
T.P. Poulton J1-1991-TPP
Thracia sp.
AGE: indeterminate

C-187062 PU 89 2 11 104 H/12 444720  6379080
T.P. Poulton
AGE: probably Oxfordian

C-175613 EP 89 103 104 H/5 444956  6365331
T.P. Poulton J6-1990-TPP
Bivalve, indet. well preserved, but not useful biostratigraphically at present.
AGE: indeterminate

C-177879 EPG 90 255 104 H/12 444990  6379060
T.P. Poulton J1-1991-TPP
Choffatia(?) sp.; Grossouvria(?) sp.; Pleuromya sp.; Meleagrinella sp.;
bivalves, indet.; belemnites, indet.
AGE: Callovian or Early Oxfordian

C-187063 PU 89 2 12 104 H/12 445070  6379040
T.P. Poulton
AGE: Oxfordian

C-181052 PU 90 9 9 104 H/12 445130  6376900
T.P. Poulton
AGE: Callovian or Oxfordian
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C-187064 PU 89 2 13 104 H/12 445170  6379040
T.P. Poulton
AGE: Oxfordian

C-177880 EPG 90 266 104 H/12 445250  6379050
T.P. Poulton J1-1991-TPP
Adabofoloceras sp.; Pleuromya sp.
REMARKS: see lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Callovian to Early Oxfordian

C-187066 PU 89 2 15 104 H/12 445680  6380220
T.P. Poulton
AGE: Oxfordian

C-177874 EPG 90 217.1 104 H/12 445800  6381730
T.P. Poulton J1-1991-TPP
Choffatia(?) sp.- small fragmentary specimens; Myphorella sp. aff. devexa
(Eichwald); Pleuromya sp.; Anditrigonia sp. cf. plumasensis (Hyatt).
AGE: probably Callovian, possibly Early Oxfordian

C-175606 EP 89 81 104 H/12 445841  6380269
T.P. Poulton J6-1990-TPP
Partschiceras sp.; Meleaorinella sp.; Corbula(?) sp.; Entolium sp.;
Oxytoma(?) sp. small fragments, not determinable; tellinid(?) bivalves,
indet. small.
AGE: late Early Callovian to Middle Oxfordian

C-177873 EPG 90 201 104 H/12 446100  6382070
T.P. Poulton J1-1991-TPP
Astarte sp.
AGE: indeterminate

C-175612 EP 89 99 104 H/5 446198  6366489
T.P. Poulton J6-1990-TPP
Vaugonia doroschini (Eichwald)(?) small fragment, not determinable with
confidence; Tancredia(?) sp.; bivalves, indet.
REMARKS: see lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably late Early Callovian to Middle Oxfordian

C-177872 EPG 90 195 104 H/12 446450  6382500
T.P. Poulton J1-1991-TPP
Meleagrinella sp.
AGE: indeterminate

C-177871 EPG 90 178 104 H/12 447070  6383050
T.P. Poulton J1-1991-TPP
Costacadoceras sp.; Adabofoloceras sp.; Astarte sp.; Pleuromya sp.;
bivalves, indeterminate.
REMARKS: see lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Early Callovian

C-177870 EPG 90 166 104 H/12 447240  6383230
T.P. Poulton J1-1991-TPP
Parallelodon(?) sp.
AGE: Jurassic

C-177869 EPG 90 163 104 H/12 447300  6383300
T.P. Poulton J1-1991-TPP
Myophorella sp. aff. devexa (Eichwald); Pleuromya sp.; Oxytoma(?) sp.;
Astarte sp.; bivalves, indet.; belemnites, indet.
AGE: probably Callovian to Middle Oxfordian

C-187084 PU 89 4 4 104 H/12 447500  6373430
T.P. Poulton
AGE: Oxfordian

C-187083 PU 89 4 3 104 H/12 447730  6373590
T.P. Poulton
AGE: Early Oxfordian

C-187081 PU 89 4 1 104 H/12 447810  6373580
T.P. Poulton
AGE: Early Oxfordian

C-187082 PU 89 4 2 104 H/12 447870  6373550
T.P. Poulton
AGE: Early Oxfordian

C-127488 PU 83 2 104 H/12 448000  6379580
T.P. Poulton J1-1998-TPP
Adabofoloceras sp.; Myophorella sp.; bivalves, indet.
REMARKS: Callovian through Early Oxfordian, in this area. See lengthy
remark about stratigraphic distribution of the ammonite Adabofoloceras in
report J3-1998-TPP.
AGE: Callovian to Early Oxfordian

C-175723 EPG 89 175.2 104 H/5 448318  6360707
T.P. Poulton J16-1990-TPP
Buchia(?) sp. aff. concentrica (Sowerby); Astarte(?) sp.; bivalves, indet.
AGE: probably Oxfordian

C-127485 PU 83 104 H/12 448400  6379800
T.P. Poulton J3-1998-TPP
Perisphinctid ammonite, indet.; Cylindroteuthis(?) sp.
AGE: Middle Jurassic or Early Oxfordian

C-127487 PU 83 104 H/12 448400  6379800
T.P. Poulton J3-1998-TPP
Adabofoloceras sp.; Myophorella sp.; Astarte(?) sp.; Belemnoteuthis sp.
REMARKS: see lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Middle Jurassic or Early Oxfordian

C-175611 EP 89 95 104 H/5 448472  6365760
T.P. Poulton J6-1990-TPP
Vaugonia doroschini (Eichwald); Astarte sp.; bivalves, indet.; gastropod,
indet.
REMARKS: see lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably late Early Callovian to Middle Oxfordian

C-175728 EPG 89 180 104 H/5 448527  6350561
R.P.W. Stancliffe STANCLIFFE
Cerebropollenites mesozoicus (R); Stereisporites antiquasporites (R);
Alisporites cf. minutus (R); Alisporites grandis (R); Alisporites spp. (P);
undifferentiated bisaccate grains.
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207. All samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: Late Jurassic to Early Cretaceous

C-175610 EP 89 94 104 H/5 448544  6365607
T.P. Poulton J6-1990-TPP
Bivalves, indet. several poorly preserved small bivalve genera, not diagnostic.
AGE: indeterminate

C-187085 PU 89 4 5 104 H/12 448750  6374020
T.P. Poulton
AGE: Early Oxfordian

C-187090 PU 89 4 10 104 H/12 448800  6374300
T.P. Poulton
AGE: Early Oxfordian

C-187077 PU 89 3 10 104 H/12 448800  6374350
T.P. Poulton
AGE: Early Oxfordian

C-187091 PU 89 4 11 104 H/12 448800  6374320
T.P. Poulton
AGE: Early Oxfordian

C-187076 PU 89 3 9 104 H/12 448800  6374350
T.P. Poulton
AGE: Early Oxfordian

C-187089 PU 89 4 9 104 H/12 448800  6374280
T.P. Poulton
AGE: Early Oxfordian

C-187088 PU 89 4 8 104 H/12 448800  6374260
T.P. Poulton
AGE: Early Oxfordian
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C-175724 EPG 89 171 104 H/5 448802  6358094
R.P.W. Stancliffe STANCLIFFE
Callialasporites spp. (R); Alisporites spp. (P); undifferentiated bisaccate
grains (P).
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207. All samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: indeterminate

C-175722 EPG 89 171.2 104 H/5 448802  6358094
T.P. Poulton J16-1990-TPP
Astarte sp.; Camptonectes(?) (McLearnia?) sp.; Pleuromya sp.
AGE: Jurassic, probably Middle or Late Jurassic

C-187086 PU 89 4 6 104 H/12 448810  6374200
T.P. Poulton
AGE: Early Oxfordian

C-187087 PU 89 4 7 104 H/12 448820  6374120
T.P. Poulton
AGE: Early Oxfordian

C-175656 EPG 89 276 104 H/4 449023  6339455
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Laevigatosporites ovatus (R); Alisporites minutus
(R); Alisporites spp. (P); Cedripites spp. (R); undifferentiated bisaccate
grains (P).
REMARKS: Maturation level = High(3-4). The assemblage contains rela-
tively few spores with respect to the number of bisaccate grains.
AGE: Late Jurassic to Cretaceous

C-187075 PU 89 3 8 104 H/12 449150  6375700
T.P. Poulton
AGE: Oxfordian

C-187068 PU 89 3 1 104 H/12 449220  6375090
T.P. Poulton
AGE: Early Oxfordian

C-175651 EPG 89 272 104 H/4 449262  6338874
T.P. Poulton J16-1990-TPP
Meleagrinella(?) sp.; ostreiid(?) bivalve, indet.
AGE: Jurassic

C-127482 PU 83 104 H/12 449300  6381000
T.P. Poulton J3-1998-TPP
Phylloceras sp.
AGE: Jurassic or Cretaceous

C-127481 PU 83 104 H/12 449300  6381000
T.P. Poulton J3-1998-TPP
Adabofoloceras sp.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Middle Jurassic or Early Oxfordian

C-127484 PU 83 104 H/12 449300  6381000
T.P. Poulton J3-1998-TPP
Adabofoloceras sp.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Middle Jurassic or Early Oxfordian

C-127483 PU 83 104 H/12 449300  6381000
T.P. Poulton J3-1998-TPP
Perisphinctid ammonite, indet.
AGE: probably Middle or Late Jurassic

C-127480 PU 83 104 H/12 449300  6381000
T.P. Poulton J3-1998-TPP
Ostrea sp.; Lima(?) sp. large; belemnite, indet.
REMARKS: Small round concretions characteristic of Early Oxfordian
strata regionally are contained in this collection.
AGE: Middle Toarcian to Early Cretaceous, possibly Early Oxfordian

C-187074 PU 89 3 7 104 H/12 449420  6375670
T.P. Poulton
AGE: Early Oxfordian

C-187069 PU 89 3 2 104 H/12 449430  6374760
T.P. Poulton
AGE: Early Oxfordian

C-187073 PU 89 3 6 104 H/12 449470  6375650
T.P. Poulton
AGE: Early Oxfordian

C-187071 PU 89 3 4 104 H/12 449650  6375510
T.P. Poulton
AGE: indeterminate

C-175653 EPG 89 260 104 H/4 449700  6343370
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High(3-4). Only two unidentifiable
bisaccate grains were found in this sample. The lack of palynomorphs could
be related to the presence of dolomite in the sediment.
AGE: indeterminate

C-187070 PU 89 3 3 104 H/12 449700  6375050
T.P. Poulton
AGE: Early Oxfordian

C-175683 EP 89 260 104 H/4 449717  6326068
T.P. Poulton J6-1990-TPP
Partschiceras sp.; Buchia(?) sp.; berriasellid(?) ammonites; belemnites,
indet.
REMARKS: Summary of lengthy remarks: collections from Alger Ck. need
further collecting to establish more fully the fossils present and their strati-
graphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: probably Tithonian or Berriasian, possibly Middle Callovian to
Berriasian

C-175684 EP 89 260.2 104 H/4 449717  6326068
R.P.W. Stancliffe STANCLIFFE
Ischyosporites spp. (R); Alisporites grandis (R); unidentified spores (R);
Unidentified bisaccate grains (C).
REMARKS: Maturation level = High (4). See report for remarks regarding
sample reaction to the oxidant used in the palynological preparation process.
AGE: indeterminate

C-187072 PU 89 3 5 104 H/12 449760  6375800
T.P. Poulton
AGE: Early Oxfordian

C-187080 PU 89 3 13 104 H/12 449760  6375520
T.P. Poulton
AGE: Early or Middle Callovian

C-187078 PU 89 3 11 104 H/12 450100  6375130
T.P. Poulton
AGE: Callovian

C-187079 PU 89 3 12 104 H/12 450200  6375340
T.P. Poulton
AGE: Callovian

C-175685 EP 89 263 104 H/4 450336  6325359
M.J. Orchard OF-1993-24
Ichthyoliths.
REMARKS:  Evenchick notebook p. 263.
AGE: Phanerozoic

C-175689 EP 89 275 104 H/4 450367  6321295
T.P. Poulton J6-1990-TPP
Buchia sp. aff. okensis (Pavlow); belemnites, indet.
REMARKS: talus; Summary of lengthy remarks: collections from this area
need further collecting to establish more fully the fossils present and their
stratigraphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: probably Berriasian, possibly Late Jurassic

C-90753 GAEN 81 57.3 104 H/12 450370  6381700
H.W. Tipper J1-1998-TPP
Perisphinctid ammonites, indet.: perhaps Choffatia(?) or Perisphinctes(?);
Adabofoloceras sp.; Lima sp. or spp.; Camptonectes sp.; Pinna sp.;
Pleuromya sp.; Ostrea sp.; other bivalves, indet. varied, some well pre-
served; Belemnoteuthis sp.; Cylindroteuthis(?) sp.
AGE: Callovian to Early Oxfordian
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C-175691 EP 89 282 104 H/4 450594  6318650
T.P. Poulton J6-1990-TPP
Buchia(?) sp.; perisphinctacean(?) ammonites, small fragments.
REMARKS: talus; summary of lengthy remarks: collections from Alger Ck
need further collecting to establish more fully the fossils present and their
stratigraphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: probably Tithonian or Berriasian, possibly Middle Callovian to
Berriasian

C-175697 EP 89 317 104 H/12 450875  6393296
T.P. Poulton J6-1990-TPP
Pleuromya sp.; Entolium sp.; Meleagrinella(?) sp.; Lilloettia tipperi Frebold.
AGE: probably Early Callovian or Middle Callovian

C-90529 GAH 81 86 104 H/12 450950  6393250
H.W. Tipper
No fossil identifications in file.
AGE: Bathonian

C-175698 EPG 89 420 104 H/12 451040  6391340
R.P.W. Stancliffe STANCLIFFE
Cicatricosisporites crassistriatus (R); Retitriletes spp. (R); undifferentiated
spores (P).
REMARKS: Maturation level = Mod(3). A single inidentifiable
dinoflagellate was found in the sample which points to a marine influence
during deposition. However, further specimens need to be found before con-
tamination and reworking can be dismissed as its source.
AGE: Portlandian to Berriasian

C-90528 TD 81 86.5 104 H/12 451100  6393250
H.W. Tipper
No fossil identifications in file.
AGE: Bathonian

C-175688 EP 89 270.2 104 H/4 451115  6323067
T.P. Poulton J6-1990-TPP
Buchia sp. aff. fisheriana (d’Orbigny).
REMARKS: talus; summary of lengthy remarks: collections from Alger Ck
need further collecting to establish more fully the fossils present and their
stratigraphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: Tithonian or Berriasian

C-175687 EP 89 270.1 104 H/4 451115  6323067
T.P. Poulton J6-1990-TPP
Buchia sp. aff. fisheriana (d’Orbigny).
REMARKS: Summary of lengthy remarks: collections from Alger Ck need
further collecting to establish more fully the fossils present and their strati-
graphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: Tithonian or Berriasian

C-175730 EPG 89 187 104 H/5 451182  6348400
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Callialasporites trilobatus (R); Callialasporites
spp. (R); Retitriletes austroclavatidites (R); Alisporites bilateralis (R);
Alisporites minutus (R); Alisporites spp. (P); Phyllocladidites spp. (P);
undifferentiated bisaccate grains (P).
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207. All samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: Late Jurassic to Early Cretaceous

C-175720 EPG 89 195.2 104 H/5 451507  6348936
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175732 EPG 89 195 104 H/5 451507  6348936
R.P.W. Stancliffe STANCLIFFE
Retitriletes spp. (R); Alisporites spp. (R); Pityosporites alatipollenites (R);
undifferentiated bisaccate grains (P).
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207 - all samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: Late Jurassic to Late Cretaceous

C-175701 EPG 89 150 104 H/5 451556  6370534
T.P. Poulton J16-1990-TPP
Thracia(?) sp.; Pleuromya(?) sp.; bivalves, indet.; ammonite(?), indet.
AGE: Bathonian to Early Oxfordian

C-175659 EPG 89 290 104 H/4 451877  6338829
R.P.W. Stancliffe STANCLIFFE
Cerebropollenites mesozoicus (R); Laevigatosporites ovatus (R);
Alisporites spp. (R); Cedripites spp. (R); Podocarpidites spp. (R); undiffer-
entiated spores (R); fungal remains (R); undifferentiated bisaccate grains
(C).
REMARKS: Maturation level = Moderate(3). This terrestrial assemblage is
dominated by bisaccate pollen grains.
AGE: Jurassic to Cretaceous

C-90751 GAEN 81 51.3 104 H/5 451920  6372280
H.W. Tipper none
No fossil identifications in file.
AGE: Early Oxfordian

C-175690 EP 89 278 104 H/4 452142  6320823
M.J. Orchard OF-1993-24
Foraminifers; ichthyoliths.
REMARKS:  limestone
AGE: Phanerozoic

C-175734 EPG 89 203 104 H/5 452193  6348332
R.P.W. Stancliffe STANCLIFFE
Laevigatosporites ovatus (R); Alisporites minutus (R); Alisporites spp. (P);
Phyllocladidites spp. (R); Podocarpidites spp. (R); undescribed bisaccate
species B2 (R).
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207 - all samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: Late Jurassic to Cretaceous

C-175706 EPG 89 134 104 H/12 452440  6377170
T.P. Poulton J16 -1990-TPP
Quenstedtoceras sp.; Adabofoloceras sp.
REMARKS: Lamberti zone; see lengthy remark about stratigraphic distri-
bution of the ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Late Callovian

C-175721 EPG 89 154 104 H/5 452495  6357067
T.P. Poulton J16-1990-TPP
Adabofoloceras(?) sp.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: probably Bathonian to Middle Oxfordian

C-90752 GAEN 81 52.4 104 H/12 452500  6373360
H.W. Tipper
No identifications in file.
REMARKS:  top of Early Oxfordian.
AGE: Early Oxfordian

C-90705 GAH 81 89 104 H/12 452530  6394730
H.W. Tipper
No identifications in file.
AGE: Middle Jurassic

C-90707 GAH 81 89.1 104 H/12 452820  6394900
H.W. Tipper
No identifications in file.
AGE: Middle Jurassic

C-175737 EPG 89 209 104 H/5 452871  6346448
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175736 EPG 89 207 104 H/5 452987  6346655
R.P.W. Stancliffe STANCLIFFE
Cerebropollenites mesozoicus (R); Laevigatosporites ovatus (R);
Lycopodiacidites cf. canaliculatus (R); Retitriletes austroclavatidites (R);
Retitriletes cf. pseudoreticulatus (R); Alisporites minutus (R); Alisporites
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spp. (P); Podocarpidites sp. (R); Podocarpidites spp. (R); Vitreisporites
pallidus (R); undifferentiated spores (C); undescribed bisaccate species B1
(R); undifferentiated bisaccate grains (A).
REMARKS: Maturation level = Moderate(3). Re: samples EPG 89 171,
177, 180, 187, 195, 203, 207 - all samples have wood fragments as well as
amorphous material. Most of the recovered palynomorphs are bisaccate
grains which do not have biostratigraphic significance.
AGE: Late Jurassic to Cretaceous

C-175608 EP 89 88.1 104 H/5 453008  6364372
T.P. Poulton J6-1990-TPP
Meleagrinella sp.; Corbula(?) sp.; bivalves, indet.
AGE: possibly Oxfordian

C-175609 EP 89 88.2 104 H/5 453140  6364474
T.P. Poulton J6-1990-TPP
Partschiceras sp.; Oxytoma sp.; bivalves, indet.
AGE: probably Callovian to Middle Oxfordian

C-90708 GAH 81 90 104 H/12 453270  6395170
H.W. Tipper
No identifications in file.
AGE: Middle Jurassic

C-90706 GAH 81 89.2 104 H/12 453950  6394950
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic

C-90771 GAEN 81 83 104 H/5 454450  6371770
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-90772 GAEN 81 85 104 H/5 454600  6371720
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-90773 GAEN 81 86 104 H/5 454770  6371670
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-175649 EP 89 237 104 H/4 455171  6322520
R.P.W. Stancliffe STANCLIFFE
A single damaged dinoflagellate was found in the sample along with a few
terresrial palynomorphs.
REMARKS: Maturation level = Moderate (2-3). The dinocyst cannot be
used to assign a marine influence to the sample as contamination or rework-
ing could be a factor.
AGE: indeterminate

C-90791 GAEN 81 104 104 H/12 455720  6387150
T.P. Poulton J3-1995-TPP
Xenocephalites(?) sp.; Camptochlamys(?) sp.; Pleuromya sp.; Ostrea sp.; pectinacean
bivalve; bivalve, indet.; belemnite, indet.; rhynchonellid brachiopods, indet.
REMARKS: An unusual assemblage for the area suggesting a unique
micro-environment.
AGE: probably Early Callovian

C-175709 EPG 89 66 104 H/12 455899  6383210
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Laevigatosporites spp. (R); Trilobosporites spp.
(R); Alisporites spp. (R); Podocarpidites spp. (R); undifferentiated spores
(P); undifferentiated bisaccates (C)
REMARKS: Maturation level = Low to mod (2-3). The sediment contains a
sparse assemblage of palynomorphs which indicates a nonmarine
depositional environment with pollen dominating the assemblage. Before
processing, plant fragments were noted in the hand specimen.
AGE: indeterminate

C-90790 GAEN 81 103 104 H/12 456020  6386100
T.P. Poulton J3-1995-TPP
Lilloettia(?) sp. aff. buckmani (Crickmay) 1930; Xenocephalites(?) sp.;
Anditrigonia sp. cf. plumasensis (Hyatt); Pleuromya sp.; Myophorella(?)
sp.; Camptochlamys (?) sp.; Goniomya sp.; oxytomid bivalve; pectinacean
bivalve; bivalves, indet.; belemnite(?) sp.
AGE: Early Callovian

C-90789 GAEN 81 102 104 H/12 456100  6386020
T.P. Poulton J3-1995-TPP
Anditrigonia(?) sp.; Meleagrinella sp.; Entolium sp.; bivalves indet., gastro-
pods, indet.; scaphopods(?), indet.
AGE: Callovian to Middle Oxfordian

C-90788 GAEN 81 101 104 H/12 456210  6385980
T.P. Poulton J3-1995-TPP
Adabofoloceras(?) sp.; Myophorella(?) sp.; Anditrigonia sp. aff.
plumasensis (Hyatt); Coelastarte sp.; Meleagrinella sp.; Entolium sp.;
Thracia(?) sp.; Pleuromya(?) sp.; bivalves, indet.; scaphopods, indet.
REMARKS: Early(?) to Middle Callovian through Middle Oxfordian based
on local assemblages. This is a typical Tsatia Mountain shelf bivalve associ-
ation.
AGE: probably Early Callovian to Middle Oxfordian

C-90787 GAEN 81 97.4 104 H/12 456220  6382550
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-90786 GAEN 81 97.3 104 H/12 456370  6382720
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-90785 GAEN 81 97.2 104 H/12 456530  6382980
H.W. Tipper
No fossil identifications in file.
AGE: Late Jurassic

C-175707 EPG 89 73 104 H/12 457199  6386930
T.P. Poulton J16-1990-TPP
Anditrigonia sp. cf. plumasensis (Hyatt); Astarte sp.; Pleuromya sp.;
Modiolus(?) sp.; Pinna(?) sp.; Pholadomya sp.; bivalves, indet.
AGE: Callovian or Early Oxfordian

C-90784 GAH 81 137.1 104 H/12 457550  6383770
H.W. Tipper none
Adabofoloceras sp.; bivalves, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Kimmeridgian

C-90783 GAEN 81 96 104 H/12 457680  6387300
T.P. Poulton J3-1995-TPP
Pleuromya sp.; Thracia sp.; Modiolus (?) sp.; Vaugonia sp. very small speci-
men, probably juvenile; Scaphotrigonia(?) sp. aff. naviformis (Hyatt): small
specimen; gastropods, indet.
AGE: probably Early Callovian to Middle Oxfordian

C-90781 GAH 81 130 104 H/12 457730  6375950
T.P. Poulton J4-1994-TPP
Cardioceras sp.; Adabofoloceras sp.; Thracia(?) sp.
AGE: Early Oxfordian

O-37211 SE 104 H/5 457900  6346900
J. Jeletzky KM-8-1968-JAJ
Arctotis? sp. A; Echinotis sp. indet.
REMARKS:  location ± 1 km.
AGE: Jurassic to Early Cretaceous

C-90780 GAH 81 126 104 H/12 458050  6376440
T.P. Poulton J4-1994-TPP
Cadoceras(?) sp.; belemnite, indet.
REMARKS:  location ± 200 m.
AGE: probably Early Callovian or Middle Callovian

C-175703 EPG 89 70 104 H/12 458285  6387817
T.P. Poulton J16-1990-TPP
Adabofoloceras sp.; Anditrigonia sp. cf. plumasensis (Hyatt);
Scaphotrigonia(?) sp. aff. naviformis (Hyatt); Entolium sp.; Pleuromya sp.;
Astarte sp.; scaphopods, indet.; belemnites, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: Middle Callovian to Early Oxfordian, possibly Early Callovian to
Early Oxfordian
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C-175711 EPG 89 78 104 H/12 458356  6387044
R.P.W. Stancliffe STANCLIFFE
Classopollis classoides (R); Deltoidospora spp. (R); Lycopodiacidites spp.
(R); Alisporites minutus (P); Alisporites spp. (P); Phyllocladidites spp. (R);
Podocarpidites spp. (R); Vitreisporites pallidus (R); undifferentiated
bisaccate grains (C).
REMARKS: Maturation level = Low to mod(2-3). No evidence of marine
influence was found in the palynomorph assemblage recovered.
AGE: Late Jurassic to Cretaceous

C-90775 GAEN 81 89.3 104 H/5 458700  6372900
H.W. Tipper
No fossil identifications in file.
AGE: Oxfordian

C-175705 EPG 89 100 104 H/5 459031  6370493
T.P. Poulton J16-1990-TPP (J16-1990-TPP)
Bivalves, indet.
AGE: indeterminate

C-90778 GAEN 81 92 104 H/12 459040  6377260
T.P. Poulton J4-1994-TPP
‘Perisphinctes’(?) sp.; Adabofoloceras(?) sp.; bivalves, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: probably Oxfordian

C-90774 GAEN 81 88.1 104 H/5 459200  6369850
H.W. Tipper
No fossil identifications in file.
AGE: Oxfordian

C-90776 GAEN 81 91.1 104 H/12 459380  6377350
T.P. Poulton J4-1994-TPP
Cardioceras sp.; Adabofoloceras sp.; Scaphotrigonia sp. aff. naviformis
(Hyatt); Myophorella sp. aff. devexa (Eichwald); Ostrea(?) sp.;
Belemnoteuthis(?) sp.; bivalves, indet.; belemnites, indet.
AGE: late Early or early Middle Oxfordian

O-32790 SE S 35 2 104 H/4 459500  6335500
J. Jeletzky KM-8-1968-JAJ
Echinotis ex gr. echinata (Smith).
REMARKS:  location ± 1 km.
AGE: Middle to Late Jurassic

C-90782 GAH 81 135.1 104 H/12 459600  6387120
T.P. Poulton J4-1994-TPP
Anditrigonia plumasensis (Hyatt); Myophorella sp. cf. yellowstonensis
Imlay; Astarte sp.; belemnites, indet.
AGE: Callovian to Early Oxfordian

C-90777 GAEN 81 91.4 104 H/12 460120  6378280
T.P. Poulton J4-1994-TPP
Stenocadoceras(?) sp.; Adabofoloceras sp.; Myophorella sp. aff. devexa
(Eichwald); Pinna sp.; Pleuromya(?) sp.; Astarte(?) sp.; Camptochlamys(?)
sp.; Entolium sp.; bivalves, indet.; scaphopods(?), indet.; belemnites, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
ammonite Adabofoloceras in report J3-1998-TPP.
AGE: probably Middle Callovian

C-175715 EPG 89 128 104 H/12 462498  6375687
R.P.W. Stancliffe STANCLIFFE
Alisporites minutus (R); Alisporites grandis (R); undifferentiated bisaccate
grains (C).
REMARKS: Maturation level = Moderate(3). Only bisaccate grains were
found in the sample and most of these were either damaged or unclassifiable.
AGE: indeterminate

C-175702 EPG 89 131 104 H/12 462854  6375160
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175704 EPG 89 132 104 H/12 462950  6375100
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175618 EP 89 120 104 H/5 464066  6354682
T.P. Poulton J2-1994-TPP (J6-1990-TPP)

Aulacostephanus sp.; Adabofoloceras sp; Buchia concentrica (Sowerby);
McLearnia sp.; bivalves, indet.; scaphopods(?), indet.
REMARKS: The diagnostic E. Kimmeridgian ammonite Aulacostephanus
was first identified in Canada in a 1992 collection from the Bowser Basin
(C-201703). This report corrects previous mis-identifications which failed
to recognize the genus.  These are the only 3 recorded in Canada to date.
AGE: Early Kimmeridgian

C-175713 EPG 89 123 104 H/5 464323  6372675
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Retitriletes austroclavatidites (R); Alisporites spp.
(P); Podocarpidites spp.; Vitreisporites spp. (P); undifferentiated bisaccate
grains (C).
REMARKS: Maturation level = Moderate (3). Many of the spores and
bisaccate grains found were damaged and unidentifiable.
AGE: Jurassic to Cretaceous

C-175616 EP 89 118.1 104 H/5 464638  6355620
T.P. Poulton J6-1990-TPP
Thracia(?) sp.; Lima(?) sp.; McLearnia(?) sp.
AGE: Middle Jurassic to Early Cretaceous

C-175617 EP 89 118.2 104 H/5 464723  6355496
T.P. Poulton J6-1990-TPP
Pseudovola(?) sp.; bivalves, indet.
REMARKS: Pseudovola(?) are distinctive and worthy of further study in
order to ascertain stratigraphic range.
AGE: indeterminate

C-175621 EP 89 147.2 104 H/5 466041  6364518
T.P. Poulton J6-1990-TPP
Partschiceras sp.; Camptonectes sp.; Astarte(?) sp.; Pleuromya(?) sp.;
Entolium sp.; Corbula(?) sp.
AGE: probably Callovian to Middle Oxfordian

C-177812 EP 90 127 104 H/4 466200  6338244
T.P. Poulton J1-1991-TPP
Bivalves, indet.
AGE: indeterminate

C-175615 EP 89 113 104 H/5 466549  6356976
R.P.W. Stancliffe STANCLIFFE
Concavissimisporites spp. (R); Cibotiumsphaera spp. (R); corroded
bisaccate grains (P); damaged spores (P).
REMARKS: The recovery of palynomorphs from the sample was poor with
the few spores found of no biostratigraphic significance. This sample con-
tains dark woody grains and some amorphous material. Maturation level =
High (3-4).
AGE: indeterminate

C-175620 EP 89 146 104 H/5 466708  6365284
T.P. Poulton J6-1990-TPP
Pleuromya sp.; Camptonectes sp.
AGE: probably Bajocian to Callovian

C-175708 EPG 89 117 104 H/5 466966  6372189
T.P. Poulton J16-1990-TPP
Chondrites sp.
AGE: indeterminate

C-175619 EP 89 135 104 H/6 470068  6369641
T.P. Poulton J6-1990-TPP
Partschiceras sp.; Entolium sp.; Pleuromya sp.; Belemnoteuthis sp.;
rhynchonellid brachiopod, indet.
AGE: probably late Early Callovian to Middle Oxfordian

C-177811 EP 90 118 104 H/3 470662  6343987
T.P. Poulton J1-1991-TPP
Arctotis(?) sp. cf. anabarensis Petrova.
AGE: probably Late Jurassic or Early Cretaceous

C-88131 EP 88 1 104 H/11 471682  6391812
T.P. Poulton J12-1989-TPP
Xenocephalites(?) sp.; Iniskinites(?) sp.; kosmoceratid(?) ammonite, indet.;
perisphinctid(?) ammonite, indet.
AGE: probably Late Bathonian or Early Callovian

C-175694 EP 89 303.2 104 H/3 472033  6318982
R.P.W. Stancliffe STANCLIFFE
Bisaccate grains (P); Spores (R).
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REMARKS: Maturation level = High (4). This sample did not react to the
oxidant and has black woody grains. Only a sparse assemblage of
unclassifiable terrestrial palynomorphs was recovered.
AGE: indeterminate

C-90651 GAR 81 7 104 H/11 472100  6397650
T.P. Poulton J1-1998-TPP (J6-88-HWT)
J6-88-HWT: Buchia sp. - possibly mosquensis; Perisphinctid ammonite - aff.
Discosphinctes, very involute; J1-1998-TPP: Bositra (?) doubtful if any
Buchia in this collection; ammonite, indet. small fragments.
REMARKS: The specimens previously identified as Late Oxfordian. proba-
bly, or possibly Early Kimmeridgian are poorly preserved ammonite frag-
ments and bivalves. An alternative interpretation is that they are probably
Toarcian to Middle Jurassic; see report for reason.
AGE: probably Toarcian to Middle Jurassic

C-175693 EP 89 299.2 104 H/3 472661  6317672
T.P. Poulton J6-1990-TPP
Bivalves, indet.
REMARKS: Summary of lengthy remarks: collections from Alger Ck need
further collecting to establish more fully the fossils present and their strati-
graphic position. Buchia species have affinites with basal Cretaceous
whereas ammonites could be Callovian or basal Cretaceous.
AGE: indeterminate

C-175692 EP 89 298.4 104 H/3 472665  6317582
R.P.W. Stancliffe STANCLIFFE
Stereisporites spp.
REMARKS: Maturation level = High (4). See report for comments regard-
ing sample reaction to the oxidant used in the palynological preparation pro-
cess and the possible environment of deposition (inconclusive).
AGE: indeterminate

C-90654 GAR 81 2 104 H/11 472770  6398700
H.W. Tipper J6-88-HWT
Belemnites; bivalves - Pleuromya? many specimens, several species.
REMARKS: Similar fauna and lithology to Trout Creek beds in Smithers. If
so, upper Oxfordian should be considered.
AGE: possibly Late Oxfordian

C-194007 SLA 90 14 17 104 H/11 473500  6397100
S.M. MacLeod SM-1992-1
Neoraistrickia truncata; Baculatisporites comaumensis; Osmundacidites
wellmanii; Distaltriangulisporites perplexus; Gleicheniidites senonicus;
G. circinidites; Cyathidites minor (abundant); C. australis; Retitriletes
austroclavatidites; R. marginatus; Laevigatosporites ovatus; Deltoidospora
hallii; Verrucosisporites cf. obscurilaesuratus; Schizosporis parvus;
Cycadopites sp. sensu Singh 1964; see report for more identifications.
REMARKS: 28 m of section. Jurassic, numbers C-193991–C-194007. More
samples between this and C-193991.
AGE: Jurassic

C-193991 SLA 90 14 1 104 H/11 473500  6397100
S.M. MacLeod SM-1992-1
Acanthotriletes laevidensus; Neoraistrickia truncata; Biretisporites
potoniaei; Baculatisporites comaumensis (abundant in 2 sizes); Todisporites
minor; Osmundacidites wellmanii; Cicatricosisporites sp.; Contignisporites
sp. A; Contignisporites or Striatella sp.; Distaltriangulisporites perplexus;
Klukisporites (=Ischyosporites) pseudoreticulatus; Gleicheniidites
senonicus; G. circinidites; see report for more identifications.
REMARKS: 28 m of section. Jurassic, numbers C-193991-C-194007. More
samples between this and C-194007.
AGE: Jurassic

C-90652 GAR 81 11 104 H/11 474050  6393250
H.W. Tipper J6-88-HWT
Serpula?; Meleagrinella sp.; bivalves - numerous specimens, several spe-
cies; belemnites indet.
REMARKS: assemblage is common in Bowser Lake rocks and, like
C-090654, is possibly U. Oxfordian, but Kimmeridgian is also possible.
Report KM-4-1985-JAJ for belemnites.
AGE: Late Oxfordian to Kimmeridgian

C-117102 P 84 1F 104 H/11 475060  6400000
A.R. Sweet ARS-13-1984
Eucommiidites spp.; Cycadopites sp.; Vitreisporites pallidus (Reissinger)
Nilsson 1958; Exesipollenites sp.; Spheripollenites sp.; Classopollis spp.;
bisaccate pollen; Cerebropollenites mesozoicus Nilsson 1958; Cyathidites

sp.; Callialasporites dampieri; Ceratosporites dettmannii; C. varispinosus;
Contignisporites spp.; Convolutriletes rouse.; Foveosporites sp. cf. F. labiosus;
Harrispora equiexina; Ischyosporites punctatus; see report for more flora.
REMARKS: The preservation and recovery from the sample were very
good. This assemblage is supportive of a Middle or Late (pre-Portlandian?)
Jurassic age. No direct evidence for a Cretaceous age was apparent in the
samples.  Read’s sample F-168 in OF 2241.
AGE: Middle or Late Jurassic

C-90653 GAR 81 13 104 H/11 475200  6394830
H.W. Tipper J6-88-HWT
Wood fragments, fossil wood, leaf imprints.
AGE: possibly Late Jurassic

C-175662 EPG 89 308 104 H/3 475437  6334780
R.P.W. Stancliffe STANCLIFFE
Alisporites spp. (R); undifferentiated spores (R); undescribed “Ovalipollis”
type grain (R); undifferentiated bisaccate grains (P).
REMARKS: Maturation level = Moderate (3). This sparse assemblage did not
contain any nonmarine indicators but the palynomorph recovery was very poor
so no conclusions can be drawn concerning the depositional environment.
AGE: indeterminate

C-175652 EPG 89 334 104 H/3 476316  6334774
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175738 EPG 89 214 104 H/11 476338  6375841
R.P.W. Stancliffe STANCLIFFE
Alisporites spp. (R); Podocarpidites spp. (R); Pityosporites spp. (R); undif-
ferentiated spores (R); undifferentiated bisaccate grains (P).
REMARKS: Maturation level = Moderate(3) Contains dominantly woody
grains with abundant amorphous material. This assemblage is dominated by
pollen grains.
AGE: indeterminate

C-175622 EP 89 171.2 104 H/6 476630  6360870
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Ischyosporites spp. (R); Retitriletes rosewoodensis
(R); Retitrilites pseudoreticulatus (R); Alisporites spp. (R); Parvisaccites
spp. (R); Podocarpidites spp. (R); Vitreisporites pallidus (P); Taxodiaceae
(R); unidentified monolete spore (R); unidentified fungal spore (R); uniden-
tified bisaccates (P).
REMARKS: Contains woody material and amorphous grains. Recovered
palynomorphs cannot be used to give exact dates for the deposition of the
host sediment. Continued research could make the assemblages of use in
local stratigraphic correlation.  Maturation  moderate.
AGE: Jurassic to early Late Cretaceous

C-175623 EP 89 173.2 104 H/6 476863  6360449
R.P.W. Stancliffe STANCLIFFE
Biretisporites spp. (R); Cerebropollenites mesozoicus (R); Deltoidospora
spp. (R); Osmundacidites spp. (R); Vitreisporites pallidus (R); unidentified
spores (R); unidentified bisaccates (R).
REMARKS: Contains woody material and amorphous grains. Recovered
palynomorphs cannot be used to give exact dates for the deposition of the
host sediment. Continued research could make the assemblages of use in
local stratigraphic correlation.  Maturation  moderate.
AGE: Jurassic to Cretaceous

C-175624 EP 89 175 104 H/6 477114  6359623
R.P.W. Stancliffe STANCLIFFE
Rare corroded bisaccate grains and spores.
REMARKS: Contains woody material and amorphous grains. The sample
contains rare corroded bisaccate grains and spores which could not be classi-
fied at the generic level. Maturation level = High (3-4).
AGE: indeterminate

C-175740 EPG 89 223 104 H/6 477357  6367500
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175741 EPG 89 225 104 H/6 477509  6366751
T.P. Poulton J16-1990-TPP
Meleagrinella(?) sp.; trigoniid bivalve, indet.; bivalves, indet.
AGE: probably Middle Jurassic or Oxfordian
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C-90657 GAR 81 19 104 H/11 477650  6394090
H.W.Tipper; T.Poulton J3-1998-TPP (J6-88-HWT)
Imprint of bivalves; section of ammonite indet.
REMARKS: H. Tipper (J6-88-HWT) had assigned a probable Late Jurassic
age and reported bivalves that were not seen in the material examined for this
report.
AGE: indeterminate

C-175745 EPG 89 248 104 H/6 477685  6365338
T.P. Poulton J16-1990-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Oxfordian, possibly Callovian

C-175626 EP 89 179 104 H/6 477914  6357374
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Laevigatosporites ovatus (R); unidentified spores
(R); unidentified bisaccates (R).
REMARKS: Contains woody material and amorphous grains. Maturation
level = High (3-4). See report regarding comment of possibility of marine
environment, but contamination may be a problem (2 very damaged
dinoflagellate cysts).
AGE: Jurassic to Cretaceous

C-175625 EP 89 178 104 H/6 477952  6357764
R.P.W. Stancliffe STANCLIFFE
Damaged bisaccate pollen grains.
REMARKS: Contains woody material and amorphous grains. A few dam-
aged bisaccate pollen grains were recovered which could not be classified.
Maturation level = High (3-4).
AGE: indeterminate

O-28919 CB 45 2 104 H/3 478000  6334500
J. Jeletzky KM-8-1968-JAJ
Echinotis ex gr. echinata (Smith).
REMARKS:  location ± 1 km.
AGE: probably Middle to Late Jurassic

C-90656 GAR 81 17 104 H/11 478050  6393950
T.P. Poulton J1-1998-HWT (J6-88-HWT)
J6-88-HWT: trigoniidbivalve, indet.; J1-1998-TPP:poorlypreservedammonite.
REMARKS: Collection in Calgary contains only 1 fossil, an ammonite
rather than a trigoniid bivalve, poorly preserved. It has close similarities to
cardioceratid ammonites of Late Callovian to earliest Oxfordian age, but
cannot be dated with certainty.
AGE: possibly Late Callovian to Early Oxfordian

C-175742 EPG 89 229 104 H/6 478231  6365525
T.P. Poulton J16-1990-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Callovian

C-175628 EP 89 183.2 104 H/6 478428  6355886
T.P. Poulton J6-1990-TPP
Vaugonia doroschini (Eichwald); Entolium sp.; bivalves, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Middle Callovian to Middle Oxfordian

C-88132 EP 88 5 104 H/11 478535  6378393
T.P. Poulton J5-1990-TPP
Ammonites, indet. several genera, not determinable, with some resemblance
to hildoceratis, dactylioceratid, and harpoceratid(?) ammonites; belemnites
(?) sp.
AGE: possibly Toarcian

C-175743 EPG 89 237 104 H/6 478820  6367762
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High(3-4). Contains dominantly woody
grains with abundant amorphous material. Only a few damaged bisaccate
grains were found in this sample.
AGE: indeterminate

C-90658 GAR 81 23 104 H/11 478875  6394540
T.P. Poulton J7-1989-TPP (J6-88-HWT)
Myophorella sp.; Thracia sp.; Trigonia(?) (new genus?) sp.; serpulid worm
tubes.
AGE: possibly Late Jurassic

C-88133 EP 88 6 104 H/11 478884  6377150
T.P. Poulton J5-1990-TPP
Coeloceratinid(?) ammonites sp.
AGE: possibly Pliensbachian

C-175629 EP 89 186 104 H/6 478892  6355370
R.P.W. Stancliffe STANCLIFFE
A few unidentifiable bisaccate grains.
REMARKS: Maturation level = High (3-4). Contains woody material and
amorphous grains.
AGE: indeterminate

C-88136 EP 88 6.2 104 H/11 479006  6376665
T.P. Poulton J12-1989-TPP
Ammonites, indet. various.
AGE: probably Late Bathonian or Callovian

C-175630 EP 89 187 104 H/6 479034  6355148
T.P. Poulton J6-1990-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Middle Callovian to Middle Oxfordian

C-175631 EP 89 187.3 104 H/6 479166  6355032
R.P.W. Stancliffe STANCLIFFE
Only a few corroded spores were observed.
REMARKS: Maturation level = High (3-4). Contains woody material and
amorphous grains.
AGE: indeterminate

C-175632 EP 89 188 104 H/6 479434  6354845
R.P.W. Stancliffe STANCLIFFE
Retitriletes spp. (R).
REMARKS: Maturation level = High (3-4). Contains woody material and
amorphous grains. The recovery of palynomorphs was very poor with only a
single specimen Retitriletes being reported.
AGE: indeterminate

C-175746 EPG 89 251 104 H/6 479583  6364859
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High(3-4). Contains dominantly woody
grains with abundant amorphous material. Only a few unidentifiable
bisaccate grains and spores were found amongst the woody material of the
slides studied.
AGE: indeterminate

C-88142 EP 88 22 104 H/11 479680  6381100
T.P. Poulton J12-1989-TPP
Ammonite fragment, indet.
AGE: indeterminate

C-175634 EP 89 191 104 H/6 479839  6353918
R.P.W. Stancliffe STANCLIFFE
Rare bisaccate grains were found.
REMARKS: Maturation level = High (3-4). Contains woody material and
amorphous grains.
AGE: indeterminate

C-175747 EPG 89 253 104 H/6 480039  6364617
T.P. Poulton J16-1990-TPP
Trigonia(?) sp.; Pleuromya(?) sp.
AGE: Jurassic

C-175635 EP 89 193 104 H/6 480157  6353256
T.P. Poulton J6-1990-TPP
Ammonite, indet. poorly preserved partial imprint.
AGE: indeterminate

C-175636 EP 89 194 104 H/6 480398  6352904
T.P. Poulton J6-1990-TPP
Astarte sp.; Pleuromya(?) sp.; Pseudovola(?) sp.; Meleagrinella(?) sp.
REMARKS: Pseudlovia(?) are distinctive and worthy of further study in
order to ascertain stratigraphic range.
AGE: probably Middle Jurassic, possibly Late Jurassic

C-88139 EP 88 20 104 H/11 480441  6380879
T.P. Poulton J12-1989-TPP
Ammonite, indet. venter of large specimen.
AGE: indeterminate
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C-177833 EP 90 235 104 H/6 481145  6345139
T.P. Poulton J1-1991-TPP
Arctotis(?) sp. cf. anabarensis Petrova.
AGE: Late Jurassic or Early Cretaceous

C-175638 EP 89 200.2 104 H/6 481482  6355407
R.P.W. Stancliffe STANCLIFFE
Concavissimisporites spp. (R); Callialasporites dampieri (R); Retitriletes
rosewoodensis (R); unidentified spores (R); unidentified bisaccates (R).
REMARKS: Maturation level = High (3-4). Contains woody material and
amorphous grains. The poor recovery of palynomorphs made determination
of the depostional environment impossible.
AGE: Middle Jurassic to Early Cretaceous

C-90655 GAR 81 15A 104 H/11 481820  6391640
H.W. Tipper J6-88-HWT
REMARKS:  nothing identified.
AGE: indeterminate

C-177834 EP 90 238 104 H/6 482703  6345498
T.P. Poulton J1-1991-TPP
Buchia concentrica (Sowerby); Oxytoma sp.
AGE: Late Oxfordian or Early Kimmeridgian

C-177815 EP 90 159 104 H/3 484789  6324378
S.E. MacLeod SM-1992-1
Microreticulatisporites uniformis (probably a contaminant).
REMARKS: Material absolutely black and unrecognizable except for a sin-
gle, reasonably well preserved specimen of Microreticulatisporites
uniformis which is probably a contaminant. No age can be assigned to this
sample.
AGE: indeterminate

C-88144 EP 88 26.2 104 H/11 484994  6385188
T.P. Poulton J12-1989-TPP
Fine shell hash, no identifications possible.
AGE: Jurassic

C-177816 EP 90 161 104 H/3 485250  6325271
S.E. MacLeod SM-1992-1
Tigrisporites reticulatus Singh?
REMARKS: Material is absolutely black and unrecognizable except a num-
ber of specimens of a coarsely ornamented (reticulated) trilete spore which is
a sturdier grain and therefore was not destroyed during the preparation; see
report for more comments.
AGE: possibly Middle Albian to Early Cenomanian

C-177817 EP 90 162.2 104 H/3 485673  6325910
S.E. MacLeod SM-1992-1
REMARKS:  Highly cabonized; no age assigned.
AGE: indeterminate

C-175646 EP 89 231 104 H/3 486462  6332079
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High (3-4). Contains woody material and
some amorphous grains. The sediment sample had imbedded plant remains,
but after processing, only a single corroded spore was found on one of the
slides scanned.
AGE: indeterminate

C-175647 EP 89 231.2 104 H/3 486467  6332084
R.P.W. Stancliffe STANCLIFFE
Baculatisporites spp. (R); Podocarpidites spp. (R); unidentified bisaccate
grains (P).
REMARKS: Maturation level = High (3-4). Contains woody material and
some amorphous grains. Only a very limited number of palynomorphs were
found in the sample.
AGE: indeterminate

C-177818 EP 90 164 104 H/3 486554  6326111
S.E. MacLeod SM-1992-1
REMARKS: No identifications due to high carbonization levels. Lots of
modern contamination (easily recognizable since uncarbonized). No age
assigned.
AGE: indeterminate

C-175643 EP 89 218 104 H/3 486754  6335623
R.P.W. Stancliffe STANCLIFFE
A few unidentifiable bisaccate grains.

REMARKS: Maturation level = High (3-4). Contains woody material and
some amorphous grains. A few unidentifiable bisaccate grains were found
but no spores.
AGE: indeterminate

C-177819 EP 90 165 104 H/3 487024  6326293
T.P. Poulton J1-1991-TPP
Bivalves, indeterminate.
AGE: indeterminate

C-175642 EP 89 216 104 H/3 487161  6336039
R.P.W. Stancliffe STANCLIFFE
Bisaccate grains; damaged spores.
REMARKS: Maturation level = High (3-4). Contains woody material and
some amorphous grains. Apart from a few bisaccate grains, the sample has a
small  number of damaged spores.
AGE: indeterminate

C-175641 EP 89 213 104 H/3 487634  6337253
T.P. Poulton J6-1990-TPP
Plant fragments.
AGE: Jurassic or Cretaceous

C-101224 GAG 83 138.1 104 H/6 487780  6366880
J.A. Jeletzky KM-6-1985-JAJ
Indeterminate true belemnite; (Belemnitida Zittel 1895 sensu Jeletzky 1966).
REMARKS:  age is given as same as C-90563 in report km-4-1985-JAJ.
AGE: Jurassic or Cretaceous, probably Toarcian to Early Aptian

C-175639 EP 89 208 104 H/3 488597  6337914
R.P.W. Stancliffe STANCLIFFE
Stereisporites spp. (R); Abiespollenites spp. (R); Alisporites spp. (R);
unidentified bisaccates (P).
REMARKS: Maturation level = High (3-4). Contains woody material and
some amorphous grains. The palynomorphs found were few in number and
often broken or corroded beyond recognition.
AGE: indeterminate

C-88111 GAE 87 480.17 104 H/11 488900  6384720
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Lilloettia(?) sp.; Xenocephalites(?) sp.; perisphinctid ammonite, indet.
AGE: probably Callovian

C-90725 GAH 81 115.2 104 H/11 489100  6381800
H.W. Tipper
No fossil identifications in file.
REMARKS:  talus.
AGE: Callovian

C-103057 GAO 83 6.2 104 H/11 489670  6394670
H.W. Tipper
No fossil identifications in file.
AGE: Bathonian

C-88149 EP 88 60.1 104 H/6 489984  6363584
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald); bivalves, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88172 EP 88 64.1A 104 H/6 490704  6363304
T.P. Poulton J12-1989-TPP
Astarte sp.; Gryphaea(?) sp.; Meleagrinella(?) sp.; Arctotis(?) sp.;
Dentalium(?) sp.; Orbiculoidea(?) sp.; belemnite, indet.
AGE: probably middle Late Jurassic or late Late Jurassic

C-88174 EP 88 64.2 104 H/6 490834  6363136
T.P. Poulton J12-1989-TPP
Astarte sp.
AGE: probably Middle or Late Jurassic

C-88210 GA 83 49F 104 H/11 493050  6392730
T.P. Poulton J7-1989-TPP (J7-88-HWT)
Thracia(?) sp.
AGE: indeterminate
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C-88211 GA 83 49F2 104 H/11 493100  6392210
T.P. Poulton J13-1989-TPP (J7-88-HWT)
Eurycephalites sp.; Xenocephalites sp.; Oxytoma sp.; Ostrea sp.;
Camptnectes sp.; belemnites, indet.; rhynchonellid brachiopods, indet.;
serpulid worms, indet.
AGE: probably Early or Middle Callovian, possibly Late Bathonian

C-88104 GAE 87 435.2 104 H/6 494370  6372497
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Ammonites, indet. finely ribbed, small umbilicus, small.
AGE: possibly Late Bathonian

C-88105 GAE 87 441 104 H/11 494820  6392655
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Ammonite, indet.
AGE: probably Jurassic, possibly Callovian

C-175674 EPG 89 366 104 H/6 496249  6353129
T.P. Poulton J16-1990-TPP
Pseudavicula(?) sp.; Gryphaea(?) sp.; bivalves, indet.
AGE: indeterminate

C-88106 GAE 87 447.3 104 H/11 496250  6388381
T.P. Poulton J3-1989-TPP (J4-88-HWT)
Eurycephalitinid(?) ammonites, indet.; belemnites, indet.
AGE: probably Late Bathonian

C-175679 EPG 89 397 104 H/6 496980  6350143
T.P. Poulton J16-1990-TPP
Coelastarte(?) sp.; Pseudavicula(?) sp.; Gresslya(?) sp.; tellinid(?) bivalve,
indet.; bivalves, indet.; gastropods, indet.
AGE: Jurassic

C-175671 EPG 89 378 104 H/6 497873  6350924
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High(3-4). A single Alisporites spp. grain
was the only palynomorph recovered. The wood fragments were found to be
very angular and appear not to have been affected by erosion.
AGE: indeterminate

C-175675 EPG 89 378.2 104 H/6 497873  6350924
T.P. Poulton J16-1990-TPP
Meleagrinella(?) sp.
AGE: indeterminate

C-175676 EPG 89 379 104 H/6 497943  6350787
T.P. Poulton J16-1990-TPP
Pseudavicula(?) sp.; Gryphaea(?) sp.; Camptonectes sp.; Camptochlamys(?)
sp.; bivalves, indet.
AGE: probably Callovian or Oxfordian

C-175682 EPG 89 411 104 H/6 498119  6345731
T.P. Poulton J1-1998-TPP
Meleagrinella(?) sp.; bivalves, indet.
AGE: indeterminate

C-103443 TD 83 57R 104 H/11 498120  6382200
H.W. Tipper
No fossil identifications in file.
REMARKS:  base of Bowser Lake Group.
AGE: probably Bathonian

C-175677 EPG 89 385 104 H/6 498191  6349501
T.P. Poulton J16-1990-TPP
Astarte(?) sp.; bivalves, indet.
AGE: indeterminate

C-175681 EPG 89 409 104 H/6 498278  6346128
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175678 EPG 89 386 104 H/6 498341  6349312
T.P. Poulton J16-1990-TPP
Bivalves, indet.
AGE: indeterminate

C-175673 EPG 89 407 104 H/6 498359  6346696
R.P.W. Stancliffe STANCLIFFE

REMARKS: Maturation level = High(4). Only a single unidentifiable
bisaccate grain was recovered from this sample.
AGE: indeterminate

C-175680 EPG 89 405 104 H/6 498777  6347609
T.P. Poulton J16-1990-TPP
Lucinid(?) bivalves, indet.
AGE: probably Middle Jurassic, possibly early Late Jurassic

C-90710 GAH 81 142.1 104 H/10 502300  6378650
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic

C-90711 GAH 81 143 104 H/10 503330  6379400
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic

C-116894 GAE 87 401 104 H/7 504574  6362186
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Cardioceras sp. cf. canadense Whiteaves; Pleuromya sp.; Anditrigonia(?)
sp.; belemnites.
AGE: late Early Oxfordian

C-116895 GAE 87 402 104 H/7 504595  6362064
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Meleagrinella sp.; Entolium sp.; cardioceratid(?) ammonite sp.
AGE: probably Bathonian to Oxfordian

C-103442 GAA 83 25.3 104 H/7 505050  6368780
H.W. Tipper
No fossil identifications in file.
AGE: Early Callovian

C-116893 GAE 87 393 104 H/7 505146  6364201
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Perisphinctid(?) ammonites sp.
AGE: probably Middle or Late Jurassic

C-90792 GAEN 81 107 104 H/10 505770  6373300
H.W. Tipper
No fossil identifications in file.
AGE: Bathonian

C-49323 Bustin 1.1 104 H/2 506000  6328350
A.R. Sweet 5-ARS-1984
Possible bisaccate pollen (fragments); Osumundacidites sp; other than these,
sample effectively barren.
REMARKS:  location ± 1.5 km.
AGE: indeterminate

C-103058 GAO 83 9 104 H/10 506570  6373150
H.W. Tipper
No fossil identifications in file.
REMARKS:  location approximate.
AGE: Bathonian

C-179451 RAK 89 1 3 104 H/7 506995  6370985
R.P.W. Stancliffe STANCLIFFE
REMARKS: Maturation level = High(3-4). Only a few unidentifiable
bisaccate grains were found in this sample. Location incorrect, should be in
Bowser Lake Group.
AGE: indeterminate

C-116466 EPR 88 18.2 104 H/2 507450  6322200
T.P. Poulton J7-1989-TPP
‘Ostrea’ sp.; bivalves, indet.
AGE: indeterminate

C-90665 GAR 81 37 104 H/10 507950  6376420
H.W. Tipper J6-88-HWT
Iniskinites sp.
AGE: Late Bathonian

C-90709 GAH 81 139 104 H/7 508000  6372080
H.W. Tipper
No fossil identifications in file.
AGE: Middle Jurassic
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C-103427 TD 83 00.6 104 H/7 508250  6372050
H.W. Tipper
No fossil identifications in file.
AGE: Bajocian to Bathonian

C-116891 GAE 86 373 104 H/7 508950  6353350
H.W. Tipper J5-1988-HWT
Plants with Gingko and fruit.
REMARKS:  Usual Kootenay-type plants.
AGE: probably Late Jurassic to Early Cretaceous

C-116890 GAE 86 372 104 H/7 508981  6353691
H.W. Tipper J5-1988-HWT
Plants & flowers?
AGE: possibly Late Jurassic

C-171018 RAK 89 1 2 104 H/7 508992  6371916
R.P.W. Stancliffe STANCLIFFE
Retitriletes austroclavatidites (R); undifferentiated spores (R); undifferenti-
ated grains (P).
REMARKS: Maturation level = High(4). Only a very sparse assemblage
was found.
AGE: indeterminate

C-88206 GAM 83 155 104 H/7 509700  6354800
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Bivalves.
AGE: indeterminate

C-103437 TD 83 56 104 H/10 509700  6375010
H.W. Tipper
No fossil identifications in file.
REMARKS:  base of Bowser Lake Group.
AGE: Bathonian

C-49326 Bustin 63-80 104 H/2 510100  6332050
A.R. Sweet 5-ARS-1984
Rare fragments of bisaccate pollen; unidentifiable spore fragments.
REMARKS: location ± 1.5 km; organic debris degraded, residue of fusinitic
debris.
AGE: indeterminate

C-88205 GAM 83 154 104 H/7 510600  6355050
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Astarte sp.
AGE: probably Jurassic

C-201691 EP 92 351.2 104 H/2 510788  6330267
A.R. Sweet 07-1998-ARS
Cicatricosisporites sp.; Cyathidites sp.; Cycadopites sp.; Deltoidospora sp. ;
Dictyotriletes sp.; Eucommiidites sp.; Laevigatosporites sp.;
Lycopodiumsporites sp.; Osmundacidites sp.; unidentifiable misc.
REMARKS: Recovery very sparse, preservation poor. Residue dominated
by coaly debris.
AGE: Cretaceous or younger

C-201690 EP 92 351.1 104 H/2 510812  6330361
A.R. Sweet 07-1998-ARS
Bisaccate pollen; Eucommiidites sp.; Cycadopites sp.; Deltoidospora sp.;
Dictyotriletes sp.; Stereisporites sp.
REMARKS: Recovery very sparse, preservation poor. Residue dominated
by coaly debris.
AGE: Jurassic to Early Cretaceous

C-116883 GAE 86 356 104 H/7 511827  6354265
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Astarte sp.; Pleuromya sp.; Gryphaea sp.; Camptonectes sp.; bivalves, indet.
AGE: indeterminate

C-116884 GAE 86 357 104 H/7 511961  6353981
H.W. Tipper J5-1988-HWT
Bivalves; dentalia.
AGE: indeterminate

C-116885 GAE 86 358 104 H/7 511971  6353906
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Ammonite, indet. small; bivalves, indet. small, varied.
AGE: indeterminate

C-116888 GAE 86 368 104 H/7 512386  6355340
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Anomia(?) sp.; Meleagrinella(?) sp.; Astarte sp.; Dentalium sp.; belemnites,
indet.; gastropods, indet.
AGE: Jurassic, probably Middle or Late Jurassic

C-116889 GAE 86 369 104 H/7 512408  6354969
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Ostrelid bivalves, indet. large.
AGE: indeterminate

C-116887 GAE 86 366.2 104 H/7 512450  6355820
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Cardioceras sp.; Asarte sp.; Myophorella sp.
AGE: Early Oxfordian

C-116886 GAE 86 366 104 H/7 512460  6355914
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Pleuromya sp.; Myophorella sp.; belemnites, indet.
AGE: probably Callovian or Early Oxfordian

C-116882 GAE 86 337.3 104 H/2 513870  6331800
A.R. Sweet AS-88-08
Rare fragments of cuticle and spores or pollen grains.
REMARKS: The organic residue appears to be dominantly coaly with rare
fragments of cuticle and spores or pollen grains. Presumably the degree of
carbonization is sufficiently high to make the palynomorphs brittle and easily
fragmented. More comments in report.
AGE: indeterminate

C-116881 GAE 86 337.2 104 H/2 513920  6331350
A.R. Sweet AS-88-08
Rare fragments of cuticle and spores or pollen grains.
REMARKS: The organic residue appears to be dominantly coaly with rare
fragments of cuticle and spores or pollen grains. Presumably the degree of
carbonization is sufficiently high to make the palynomorphs brittle and easily
fragmented. More comments in report.
AGE: indeterminate

C-116880 GAE 86 337 104 H/2 513940  6331130
A.R. Sweet AS-88-08
Rare fragments of cuticle and spores or pollen grains.
REMARKS: The organic residue appears to be dominantly coaly with rare
fragments of cuticle and spores or pollen grains. Presumably the degree of
carbonization is sufficiently high to make the palynomorphs brittle and easily
fragmented. More comments in report.
AGE: indeterminate

C-171033 RAK 89 2 6 104 H/7 513991  6371003
R.P.W. Stancliffe STANCLIFFE
Callialasporites sp. (R); Alisporites spp. (R); undifferentiated bisaccate
grains (R); unidentified fungal spores (R).
REMARKS: Maturation level = High(3-4). Only a very sparse assemblage
was recovered from this sample.
AGE: indeterminate

C-171037 RAK 89 7 6 104 H/7 513991  6371003
R.P.W. Stancliffe STANCLIFFE
Alisporites minutus (R); undifferentiated bisaccate grains (R).
REMARKS: Maturation level = High(3-4). Only a few bisaccate grains were
found.
AGE: indeterminate

C-116872 GAE 86 291 104 H/7 515130  6370382
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Lilloettia(?) sp.; belemnites, indet.
AGE: probably Late Bathonian to Middle Callovian

C-116871 GAE 86 290 104 H/7 515232  6370631
H.W.Tipper J5-1988-HWT
Lilloettia sp.; Kepplerites sp.; bivalves.
AGE: Bathonian to Callovian

C-116873 GAE 86 295 104 H/7 515681  6371212
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Myophorella sp. aff. devexa (Eichwald); Myophorella sp. aff.
yellowstonensis Imlay; Anditrigonia plumasensis (Hyatt); Astarte sp.
AGE: probably Callovian, possibly Early Oxfordian
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C-201712 EP 92 357.0 104 H/2 516620  6319880
BRANTA BRANTA 94-001
Alisporites thomasii (Rare); Cycadopites spp. (Tentative); Exesipollenites
scabratus (Rare); Perinopollenites elatoides (Contaminant); Pityosporites
divulgaris (Rare); Todisporites major (Tentative).
REMARKS: 2 slides analyzed; black coaly material (Dominant);
fragmented specimens (Rare); reswirled; thermally altered; tracheids
(Common).
AGE: probably Late Jurassic

C-116252 GAD 83 96a  P2630-2 104 H/10 516760  6392070
A.R. Sweet 3-ARS-1984
One fragment of Cicatricosisporites sp.
REMARKS: Except for one fragment of Cicatricosisporites sp. sample
effectively barren of palynomorphs. Stratigraphic position of 96a to 99b
uncertain due to structural complexity (CAE).
AGE: possibly Late Kimmeridgian

C-201692 EP 92 361.0 104 H/2 517244  6318888
A.R. Sweet 07-1998-ARS
Bisaccate pollen; Cyathidites sp.; Deltoidospora sp. (abundant); fungal
spores; Gleicheniidites sp. (abundant); Taurocusporites sp. cf.
T. segmentatus Stover 1962; unidentifiable misc.; Vitreisporites pallidus
(Reissinger) Nilsson 1958.
REMARKS: Recovery sparse, preservation poor, but relative to other Bow-
ser Lake Group samples good. Residue dominated by coaly and cuticular
debris. Sample was prepared 3 times. Age based on the probable presence of
Taurocusporites segmentatus, lack of angiosperms.
AGE: Early Cretaceous

O-16220 B54 R 104 H/2 518600  6327400
J. Jeletzky KM-8-1968-JAJ
Buchia cf. mosquensis (Buch).
REMARKS:  location ± 3 km, on creek.
AGE: probably Middle Kimmeridgian to Early Portlandian

C-201884 EPC 92 481.2 104 H/2 518780  6323250
BRANTA BRANTA 94-001
Araucariacites punctatus (Tentative); Concavissimisporites spp. (tentative);
Deltoidospora hallii (Rare).
REMARKS: 2 slides analyzed (Tentative); black coaly material (Domi-
nant); corroded palynomorphs; reswirled; thermally altered.
AGE: Jurassic to Early Cretaceous

C-117275 GA 85 24 104 H/10 519250  6391920
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Inoceramus sp.; Entolium sp.; Myophorella sp.; belemnites, indet.
AGE: probably Middle Jurassic

C-116859 GAE 86 265.2 104 H/7 519561  6366690
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Lilloettia(?) sp.; belemnites, indet.
AGE: probably Early Callovian to Middle Callovian

C-88202 GAM 83 148A 104 H/7 519587  6367562
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Cadoceras (Stenocadoceras) sp.; Phylloceras sp.
AGE: Middle Callovian

C-88201 GAM 83 148 104 H/7 519689  6367068
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Eurycephalites(?) sp.; perisphinctid ammonite, indet.
AGE: Late Bathonian to Middle Callovian

C-88203 GAM 83 148B 104 H/7 519700  6368500
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Eurycephalites sp.; Xenocephalites(?) sp.
AGE: probably Early or Middle Callovian, possibly Late Bathonian

C-116860 GAE 86 267 104 H/7 519754  6366941
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Lima(?) sp.; Anditrigonia sp.; Camptonectes (?) (McLearnia?) sp.;
eurycephalitinid(?) ammonite, indet.
AGE: Callovian or Early Oxfordian

C-116861 GAE 86 270 104 H/7 519812  6368350
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Lilloettia sp.; Xenocephalites sp.; Astarte sp.; Pleuromya(?) sp.; Gresslya(?)
sp.; Myophorella sp.; belemnites, indet.; perisphinctid ammonites, indet.
large.
AGE: Early or Middle Callovian

C-201883 EPC 92 475.2 104 H/2 520400  6326600
BRANTA BRANTA 94-001
Piyosporites divulgaris.
REMARKS: 2 slides analyzed; black coaly material (Dominant); corroded
palynomorphs; reswirled; tracheids (Common).
AGE: Jurassic to Early Cretaceous

C-201876 EPC 92 472.2 104 H/2 520480  6326210
T.P. Poulton J7-1993-TPP
Bivalve(?), indet.
AGE: indeterminate

C-116862 GAE 86 273 104 H/7 520658  6367851
T.P. Poulton J2-1989-TPP (J5-88-HWT)
Lilloettia sp.; Xenocephalites sp.; Myophorella sp.; perisphinctid ammonite,
indet.
AGE: probably Middle Callovian

C-116858 GAE 86 262 104 H/7 521828  6368492
T.P. Poulton J13-1986-TPP
Perisphinctid ammonites, indet., poorly preserved, possibly more than one
genus; Astarte? sp. indet.; Lima(?) sp. indet.; Vaugonia doroschini
(Eichwald); Myophorella n. sp.; Meleagrinella(?) sp. indet.; other bivalves,
indet.; belemnite fragments, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: Late Jurassic, probably Early or Middle Oxfordian

C-116857 GAE 86 254 104 H/7 521867  6370238
T.P. Poulton J3-1989-TPP (J5-88-HWT)
Pleuromya(?) sp.; Lima sp.; Trigonia(?) sp.; Entolium sp.; Buchia(?) sp.;
pectinid bivalve, indet. large; belemnite, indet.
REMARKS: From J1-1998-TPP: The Late Jurassic or early Cretaceous
(and Late Oxfordian or early Kimmeridgian) age earlier reported is still sug-
gested. However the specimens are not identifiable with certainty, similar
bivalves in Callovian, and remainder of fauna could be Middle Jurassic.
AGE: Middle Jurassic to Early Cretaceous, probably Late Jurassic to Early
Cretaceous

C-88188 EP 88 130.3 104 H/7 522733  6350548
T.P. Poulton J12-1989-TPP
Astarte(?) sp.; bivalves, indet.
AGE: indeterminate

C-88185 EP 88 123.2 104 H/7 523369  6351755
T.P. Poulton J12-1989-TPP
Phylloceras(?) sp.; bivalves, indet.
AGE: Jurassic or Cretaceous

C-88186 EP 88 124 104 H/7 523428  6351673
T.P. Poulton J12-1989-TPP
Pleuromya(?) sp.; Astarte(?) sp.; Gryphaea(?) sp.; Camptonectes(?) sp.
AGE: possibly Callovian

C-88187 EP 88 125 104 H/7 523464  6351571
T.P. Poulton J12-1989-TPP
Phylloceras sp.
AGE: Jurassic or Cretaceous

C-88145 EP 88 28.4 104 H/7 525015  6370690
M.J. Orchard
Barren.
REMARKS:  crinoid.
AGE: indeterminate

C-116856 GAE 86 246 104 H/7 525680  6359897
H.W. Tipper J5-1988-HWT
Cardioceras sp.; Partschiceras pacificum Frebold; perisphinctid with con-
strictions - similar to Dichotomosphinetes.
AGE: Early Oxfordian
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C-201867 EPM 92 80.2 104 H/2 527939  6335619
BRANTA BRANTA 94-001
Alisporites thomasii (Tentative).
REMARKS: 2 slides analyzed; black coaly material (Dominant); frag-
mented specimens.
AGE: indeterminate

C-103426 TD 83 10 104 H/7 528000  6358530
No fossil identifications in file.
AGE: Late Oxfordian

C-101239 GAE 85 11 104 H/10 529202  6384709
H.W. Tipper J23-1986-HWT
Meleagrinella sp., a coquina; coarse ribbed large bivalves, not common;
fragments of belemnites, not common; 2 specimens of a serpenticone-coiled
small ammonite, but ornamentation is lost - could be a nannolytoceratid or a
polymorphitid.
AGE: possible Pliensbachian to Bathonian

C-88128 GAE 87 509.10 104 H/7 529979  6359276
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Ammonite, indet.; bivalves, indet.
AGE: indeterminate

C-101240 GAE 85 26 104 H/9 530334  6377501
T.P. Poulton J7-1988-TPP (J23-1986-HWT)
Lilloettia(?) sp. small part of imprint of large whorl fragment; Gryphaea sp.;
Meleagrinella sp.; Entolium sp.; Pseudomonotis(?) sp.; Grammatodon(?)
sp.; belemnites, indet.; gastropods, indet.; crinoids, indet.; wood fragments,
indet.
AGE: probably Early Callovian, possibly Late Bathonian

C-101241 GAE 85 27 104 H/9 530456  6377367
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Iniskinites sp. small specimens; Cobbanites(?) sp. small fragment;
Iniskinites sp. aff. robustus Frebold; Myophorella sp. aff. montanaensis
(Meek); Myophorella sp.; Gryphaea sp.; Entolium sp.
AGE: Late Bathonian

C-101245 GAE 85 27.2 104 H/9 530460  6377360
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Lilloettia(?) sp. two speceis, all small fragments; Pleuromya sp.;
Gryphaea(?) sp.; belemnite, indet.
REMARKS:  talus.
AGE: Late Bathonian or Early Callovian, possibly Late Bathonian or Middle
Callovian

C-81620 GAM 83 118 104 H/9 531322  6374161
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Vaugonia sp.; Myophorella sp.; ammonites, indet.
AGE: probably Bathonian

C-101248 GAE 85 52 104 H/9 531500  6374370
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Lilloettia lilloettensis Crickmay; Gowericeras sp. cf. snughaborense Imlay;
Lilloettia sp. cf. buckmani Crickmay; Modiolus sp.; Myophorella
montanaensis (Meek); Myophorella sp.
AGE: Callovian

C-101247 GAE 85 51.2 104 H/9 531530  6374390
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Lilloettia sp.; Iniskinites sp.; Pleuromya sp.; Entolium sp.; Serpula sp.
AGE: Late Bathonian or Early Callovian

C-101246 GAE 85 49 104 H/9 531583  6374480
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Xenocephalites(?) sp.; Erymnoceras(?) sp.; Anditrigonia(?) sp. aff.
plumasensia (Hyatt); Myophorella sp.; Serpula tetragona Sowerby.
AGE: probably Middle Callovian

O-931 TD 75 4 23 104 H/8 532150  6364580
H.W. Tipper none (J14-1976-TPP)
Camptonectes sp.; Astarte(?) sp.; Oxytoma(?) sp.; other bivalves, indet.
REMARKS: Early Jurassic or younger age given in old report (1976);
C-number and identifications from old report, new number for new collec-
tion?
AGE: Late Callovian

O-93258 TD 75 5 23 104 H/8 532420  6364810
H. Frebold J4-1976-HF (J5-1976-TP)
Cadoceras? sp. indet.; Pleuromya? or Pholadomya sp.
REMARKS: Callovian according to Frebold’s determination of the
ammonites.
AGE: Callovian

C-101244 GAE 85 39 104 H/9 532420  6375290
T.P. Poulton J7-1988-TPP  (J7-88-HWT,J-23-1986-HWT
Metaderoceras (?) sp.; Weyla acutiplicata (?) (Meek); Astarte sp.
AGE: probably Early Pliensbachian or Late Sinemurian

C-81619 GAM 83 116A 104 H/9 532446  6375128
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Eurycephalites(?) sp.; Pleuromya sp.; Pholadomya(?) sp.
AGE: probably Early or Middle Callovian, possibly Late Bathonian

C-101243 GAE 85 38.2 104 H/9 532500  6375330
T.P. Poulton J7-1988-TPP (J23-1986-HWT)
Myophorella montanaensis (Meek); Entolium sp.; Gryphaea sp.; Modiolus
sp.
AGE: Middle Jurassic

TD 75 2 23 104 H/8 532530  6364010
H.W. Tipper none
AGE: Early Oxfordian

C-101242 GAE 85 38 104 H/9 532540  6375390
T.P. Poulton J2-1989-TPP (J23-1986-HWT)
Lingula sp.; Orbiculoidea sp.
AGE: indeterminate

O-9318 TD 75 1 23 104 H/8 532580  6363620
H.W. Tipper none (J14-1976-TPP)
REMARKS: no age given in old report (1976), but recollected in ‘79,
V Doroshini; C-number from old report, new number for new collection?
AGE: Late Oxfordian

O-93357 TD 75 13 23 104 H/8 533300  6368180
H.W. Tipper? J9-1976-HF
Arctocephalites?, small poorly preserved ammonite; Perisphinctid, gen. et
sp. indet.
AGE: probably Bathonian

O-93222 TD 75 14 23 104 H/8 533400  6368150
H. Frebold J6-1976-TP
Entolium sp.; Pleuromya(?) sp.; Grammatodon(?) sp.; other small and frag-
mentary bivalves, indet. including a possible trigoniid(?)
REMARKS:  Callovian, according to ammonite identified br Dr. Frebold.
AGE: Callovian

C-81621 GAM 83 135 104 H/8 533700  6368397
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Eurycephalites sp.; Belemnoteuthis sp.
AGE: Early or Middle Callovian

C-90506 TD 81 CALL 104 H/8 533900  6366800
T.P. Poulton J13-1989-TPP (J13-88-HWT)
Eurycephalites sp.; Xenocephalites sp.; perisphinctid ammonites, indet.;
Belemnoteuthis(?) sp; Myophorella sp.; Astarte sp.
REMARKS:  above base.
AGE: Early or Middle Callovian

O-93260 TD 75 7 23 104 H/8 533920  6366770
H.W. Tipper J11-1976-HF (J8-1976-TP)
Lilloettia sp. indet. (fragments); Lilloettia buckmani (Crickmay);
Xenocephalites cf. X. vicarius Imlay; Xenocephalites sp. indet. (fragments);
Grossouvria? sp.; Cobbanites? sp. indet.; bivalves: Astarte sp.; Pleuromya
(?) sp.; Myophorella sp. aff. M. orientalis Kobayashi and Tamura; M. sp. aff.
M. devexa (Bichwald); Camptonectes sp.; Gryphaea (?) sp.
REMARKS: For another part of this collection see Report J4-1976-HF.
Bivalves in J8-1976-TPP.
AGE: Early or Middle Callovian

C-88118 GAE 87 492.23 104 H/8 534000  6358200
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Meleagrinella sp.
AGE: Jurassic
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O-93356 TD 75 9 23 104 H/8 534500  6367000
H. Frebold J4-1976-HF
Lilloettia lilloetensis Crickmay.
REMARKS: talus. See discussion in Frebold and Tipper, GSC Paper 67-21,
p. 16–20. From below cliffs of lowest conglomerate in Bowser Lake Group.
AGE: Early or Middle Callovian

O-93359 TD 75 11 23 104 H/8 534500  6367000
H. Frebold J3-1976-HF
Fragments of Lilloettia sp. indet.
REMARKS: Bathonian–Callovian boundary. From below cliffs of lowest
conglomerate in Bowser Lake Group.
AGE: Middle Callovian

O-93354 TD 75 10 23 104 H/8 534500  6367000
H. Frebold J4-1976-HF
Lilloettia (?) sp. indet.
REMARKS: talus. See discussion in Frebold and Tipper, GSC Paper 67-21,
p. 16–20. From below cliffs of lowest conglomerate in Bowser Lake Group.
AGE: Early or Middle Callovian

O-93355 TD 75 8 23 104 H/8 534500  6367000
H. Frebold J3-1976-HF
Indet. ammonite fragments, Lilloettia? and perisphinctid?
REMARKS: From below cliffs of lowest conglomerate in Bowser Lake
Group.
AGE: possibly Middle Callovian

C-116851 GAE 86 173 104 H/8 534629  6367805
H.W. Tipper J7-1988-TPP (J5-88-HWT)
Xenocephalites(?) sp.; perisphinctid ammonite, indet.; fern leaf, indet.
AGE: probably Early Callovian, possibly Late Bathonian

C-88117 GAE 87 490 104 H/8 534913  6354342
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald); Gryphaea sp.; Myophorella sp.; belem-
nite, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early Oxfordian, possibly Late Bathonian or Callovian

C-88204 GAM 83 125 104 H/8 536081  6366747
T.P. Poulton J13-1989-TPP (J8-1988-HWT)
Ammonite, indet.
AGE: indeterminate

C-88116 GAE 87 487 104 H/8 536861  6354156
T.P. Poulton J13-1989-TPP
Myophorella sp.; Astarte sp.
AGE: Middle Jurassic or Early Oxfordian

C-88120 GAE 87 504.2 104 H/1 537144  6344900
T.P. Poulton J12-1989-TPP
Phylloceras sp.; Pleuromya(?) sp.; Astarte sp.; Entolium sp.; Ostrea sp.
AGE: probably Middle Jurassic, possibly early Late Jurassic

C-88115 GAE 87 485.2 104 H/8 537314  6354239
T.P. Poulton J3-1989-TPP (J4-88-HWT)
Entolium sp.; Modiolus sp.; trigoniid bivalves; bivalves, indet.; belemnites,
indet.
AGE: probably Oxfordian

C-88119 GAE 87 495.2 104 H/8 537427  6349516
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Ammonite.
AGE: indeterminate

C-201689 EP 92 346.3 104 H/1 538596  6318507
A.R. Sweet 07-1998-ARS
Cycadopites sp.; unidentifiable misc.
REMARKS: Recovery very sparse, preservation poor. Residue dominated
by coaly debris.
AGE: indeterminate

C-88112 GAE 87 482.4 104 H/8 538737  6355971
T.P. Poulton J2-1989-TPP (J4-88-HWT)
Phylloceras sp.; Pleuromya sp.; Astarte sp.; Myophorella sp.; Entolium sp.;
belemnites, indet.
AGE: Jurassic or Cretaceous

C-116853 GAE 86 203 104 H/8 539968  6365826
T.P. Poulton J3-1995-TPP (J5-88-HWT)
Perisphinctid(?) ammonite, indet. possible Choffatia - similarities to
Dactylioceras of Early Toarcian age.
REMARKS: The Late Oxfordian to Kimmeridgian age suggested by Dr.
Tipper cannot be confirmed by re-examination, but cannot be entirely
excluded because of the unsatisfactory nature of the small fragment.
AGE: probably Bathonian or Callovian, possibly Toarcian

C-116855 GAE 86 227 104 H/8 540143  6368629
H.W. Tipper J5-1988-HWT
Ammonite, indet.
AGE: indeterminate

O-28921 GC56 S20-22 104 H/1 542430  6342800
J.A. Jeletzky, TPP J1-1998-TPP (KM10-1985-JAJ)
Cylindroteuthis sp.; cylindroteuthidid belemnites sp.; Cardioceras
(Cawtoniceras) (?) sp. Arctica (s. l.?) sp.; Ostrea (s. l.) (?) sp.; bivalves, indet.
REMARKS: location ± 300 m; according to J1-1998-TPP probably Middle
Oxfordian; Lima (?) is also present in collection, Arctica is not.
AGE: Oxfordian, probably Middle Oxfordian

C-88180 EP 88 102 104 H/1 542730  6341450
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald); bivalves, indet.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88182 EP 88 111 104 H/1 542754  6338920
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88184 EP 88 113.3 104 H/1 542814  6338326
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88177 EP 88 89 104 H/1 542961  6337618
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald); Astarte(?) sp.
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88178 EP 88 91 104 H/1 542987  6337356
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-88181 EP 88 109 104 H/1 543083  6339277
T.P. Poulton J12-1989-TPP
Vaugonia doroschini (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early or Middle Oxfordian, possibly Late Bathonian or
Callovian

C-116477 EP 88 282 104 H/1 547074  6343773
T.P. Poulton J7-1989-TPP
Vaugonia doroschini (Eichwald); Myophorella sp. aff. devexa (Eichwald).
REMARKS: See lengthy remark about stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini in report J3-1998-TPP.
AGE: probably Early Oxfordian, possibly Bathonian to Early Oxfordian
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C-116476 EP 88 269 104 H/8 549762  6345499
T.P. Poulton J7-1989-TPP
Camptochlamys(?) sp.; Astarte(?) sp.; belemnite, indet.
AGE: Jurassic

C-116473 EP 88 206.2 104 H/1 551895  6326969
T.P. Poulton J7-1989-TPP
Bivalves, indet. various genera.
AGE: indeterminate

C-116480 EP 88 285.2 104 H/8 552660  6358050
A.R. Sweet AS-89-02
Rare specimens of Alisporites.
REMARKS: Sparse residue nearly exclusively of fine woody debris with the
exception of rare specimens of Alisporites.
AGE: Early Albian or older

C-193926 SLA 90 11 15A 104 H/8 552664  6358026
A.R. Sweet 08-ARS-1998
Bissacate pollen; Cycadopites sp.; Cyathidites sp.; Deltoidospora sp.;
Eucommiidites minor Groot and Penny 1960; Matonisporites sp.;
Vitreisporites pallidus (Reissinger) Nilsson 1958.
REMARKS: Bowser Lake Group, 9 m below Tango Creek Fm; numbers
C-193921–C-193927. Residue dominated by coaly debris. Recovery and
preservation poor. Age of section no younger than latest Jurassic (see report
for discussion).
AGE: Jurassic

C-193927 SLA 90 11 15 104 H/8 552664  6358026
A.R. Sweet 08-ARS-1998
Cycadopites sp.; Cyathidites sp.; Deltoidospora sp.; Eucommiidites minor
Groot and Penny 1960; Gleicheniidites sp.; Lycopodiumsporites sp.;
Vitreisporites pallidus (Reissinger) Nilsson 1958.
REMARKS: Bowser Lake Group, 8 m below Tango Creek Fm; numbers
C-193921–C-193927. Residue dominated by coaly debris. Recovery and pres-
ervation poor. Age of section no younger than latest Jurassic (see report for
discussion).
AGE: Jurassic

C-193925 SLA 90 11 16 104 H/8 552670  6358020
A.R. Sweet 08-ARS-1998
Annuliapora sp.; bisaccate pollen; Contignisporites sp.; Cycadopites sp.;
Deltoidospora sp.; Eucommiidites minor Groot and Penny 1960;
Osmundacidites sp.; Lycopodiumsporites sp.; Rogalskaisporites
cicatricosus (Rogalska) Danze-Corsun and Laveine 1963; Trilobosporites
sp.; Vitreisporites pallidus (Reissinger) Nilsson 1958.
REMARKS: Bowser Lake Group, 10 m below Tango Creek Fm; best recov-
ery of 62 m of Bowser Lake Group (numbers C-193921–C-193927). Recov-
ery sparse to good, preservation poor. Residue dominated by coaly debris and
degraded palynomorphs; see report for discussion of age.
AGE: Jurassic

C-116479 EP 88 285.1 104 H/8 552670  6358000
A.R. Sweet AS-89-02
Alisporites spp.; Eucommiidites minor Groot & Penny, 1960;
Gingocycadophytus nitidus (Balme) de Jersey, 1962; Gleicheniidites sp.;
Hamulatisporites sp.; Lycopodiumsporites sp.; Neoraistrickia sp.;
Phyllocladidites inchoatus (Pierce) Norris, 1967; Podocarpidites sp.;
Vitreisporites pallidus (Reissinger) Nilsson, 1958; monocolpate, reticulate
angiosperm pollen(?).
REMARKS:  Preservation poor to good, recovery good.
AGE: Early Albian or older

C-193923 SLA 90 11 18 104 H/8 552676  6357966
A.R. Sweet 08-ARS-1998
Deltoidospora sp.
REMARKS: Bowser Lake Group, 33 m below Tango Creek Fm; numbers
C-193921–C-193927. Residue dominated by coaly debris. Recovery very
sparse, preservation average. Age of section no younger than latest Jurassic
(see report for discussion).
AGE: indeterminate

C-193922 SLA 90 11 19 104 H/8 552678  6357958
A.R. Sweet 08-ARS-1998
Bisaccate pollen; Deltoidspora sp.; Euommiidites minor Groot and Penny
1960; Vitreisporites pallidus (Reissinger) Nilsson 1958.

REMARKS: Bowser Lake Group, 39 m below Tango Creek Fm; numbers
C-193921–C-193927. Residue dominated by coaly debris. Recovery very
sparse, preservation average. Age of section no younger than latest Jurassic
(see report for discussion).
AGE: indeterminate

C-193921 SLA 90 11 20 104 H/8 552680  6357950
A.R. Sweet 08-ARS-1998
Few palynomorph fragments.
REMARKS: Bowser Lake Group, near top, lowest sample of 62 m of sec-
tion, and 45 m below Tango Creek Fm; numbers C-193921– C-193927. Resi-
due dominated by coaly debris. Age of section no younger than latest Jurassic
(see report for discussion).
AGE: indeterminate

C-116470 EP 88 199 104 H/1 552926  6327930
T.P. Poulton J7-1989-TPP
Bivalves, indet.
AGE: indeterminate

C-88199 EP 88 185 104 H/1 558611  6338155
T.P. Poulton J7-1989-TPP
Cardioceras sp.; Myophorella sp. aff. devexa (Eichwald); belemnite, inde-
terminate.
AGE: Early Oxfordian

C-88198 EP 88 183.2 104 H/1 558640  6338586
T.P. Poulton J12-1989-TPP
Myophorella sp.; Meleagrinella sp.; belemnite, indeterminate.
AGE: Middle Toarcian to Early Oxfordian

C-88200 EP 88 186 104 H/1 558754  6337973
T.P. Poulton J7-1989-TPP
Cardioceras sp.; Myophorella sp. aff. devexa (Eichwald); Discosphinctes(?) sp.
AGE: late Early Oxfordian

Bowser Lake Group samples barren of palynomorphs or
radiolarians.  Ordered by easting
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C-no. Field no. NTS Easting Northing Report

175726 EPG 89 177 104 H/5 447637 6349763 STANCLIFFE
175665 EPG 89 347 104 H/4 457190 6339926 STANCLIFFE
175614 EP 89 110 104 H/5 467193 6357491 STANCLIFFE
88138 EP 88 14 104 H/11 475501 6390929 E.S.Carter 91-6
88137 EP 88 13 104 H/11 475845 6390904 E.S.Carter 91-6
88135 EP 88 12 104 H/11 476039 6390990 E.S.Carter 91-6
175627 EP 89 180 104 H/6 478358 6356868 STANCLIFFE
175633 EP 89 189 104 H/6 479452 6354357 STANCLIFFE
88143 EP 88 24 104 H/11 479557 6380345 E.S.Carter 91-6
88141 EP 88 21.2 104 H/11 480253 6380827 E.S.Carter 91-6
175637 EP 89 194.2 104 H/6 480401 6352902 STANCLIFFE
88140 EP 88 21 104 H/11 480441 6380879 E.S.Carter 91-6
177814 EP 90 157.2 104 H/3 484520 6323807 SM-1992-1
116498 EPM 88 4 104 H/11 485093 6375372 E.S.Carter 91-6
175644 EP 89 221 104 H/3 486242 6335601 STANCLIFFE
175648 EP 89 234 104 H/3 487844 6330517 STANCLIFFE
175640 EP 89 212 104 H/3 487914 6337465 STANCLIFFE
193943 SLA 90 12 104 H/11 489540 6394480
193987 SLA 90 12 104 H/11 489600 6394060
88173 EP 88 64.1B 104 H/6 490704 6363304 E.S.Carter 91-6
175669 EPG 89 361 104 H/6 497818 6354291 STANCLIFFE
49325 Bustin 62-40 104 H/2 507050 6330200 5-ARS-1984
49324 Bustin 1228 104 H/2 507100 6333850 5-ARS-1984
116465 EPR 88 17.1 104 H/2 507330 6324600 E.S.Carter 91-6
171022 RAK 89 5 2 104 H/7 508992 6371916 STANCLIFFE
171034 RAK 89 4 6 104 H/7 513991 6371003 STANCLIFFE
171039 RAK 89 9 6 104 H/7 513991 6371003 STANCLIFFE
201693 EP 92 363.0 104 H/2 515622 6318535 07-1998-ARS
88134 EP 88 9 104 H/7 516017 6363428 E.S.Carter 91-6
116454 EPR 88 5 104 H/2 519690 6334051 E.S.Carter 91-6
201866 EPM 92 78.0 104 H/2 528541 6336510 BRANTA 94-1
88196 EP 88 167 104 H/8 532169 6349054 E.S.Carter 91-6
88197 EP 88 168 104 H/8 532204 6348666 E.S.Carter 91-6
116472 EP 88 206 104 H/1 551895 6326969 E.S.Carter 91-6
116471 EP 88 203 104 H/1 552483 6327424 E.S.Carter 91-6
193924 SLA 90 11 17 104 H/8 552672 6357974 08-ARS-1998



Bowser Lake Group samples either not processed or not sub-
mitted. Some are plant macrofossils and some are fine-
grained clastic rocks collected for palynology

Bowser Lake Group marine macrofossils not submitted

Tango Creek Formation

C-112033 R 83 52F 104 H/14 490520  6401250
A.R. Sweet 5-ARS-2000 (1-ARS-1984)
Clavatipollenites minutus; Ephedripites minor; Phyllocladidites inchoatus;
Vitreisporites pallidus; ?Ceratosporites sp.; Apiculatisporis sp. cf. A.
babsae; Aequitriradites spinulosus; Cicatricosisporites australiensis; C. sp.
cf. C. hallei; C. spiralis; Concavissimisporites variverrucatus (Couper)
Brenner 1963; Contignispori tes fornicatus Dettmann 1963;
Foraminisporites asymmetricus (Cookson and Dettmann) Dettmann 1963;
Gleichiidites sp.; see report for more identifications.

REMARKS: Preservation and recovery excellent. A lower limit of
Barremian is imposed by the presence of monocolpate angiosperm pollen
(Clavatipollenites minutus). See old report for identifications, both reports
for discussion of age (older rather than younger).
AGE: Barremian to Early or Middle Albian

C-112032 R 83 51F 104 H/14 490520  6401250
A.R. Sweet 5-ARS-2000 (1-ARS-1984)
Classopollis sp.; Phyllocladidites inchoatus; Podocarpidites sp.;
Appendicisporites bifurcatus; A. problematicus; ?Ceratosporites sp.;
Cicatricosisporites australiensis; C. ludbrooki; C. mohrioides; C. spiralis;
Concavissimisporites variverrucatus; Distaltriangulisporites perplexus
(Singh) Singh 1971; Gleicheniidites sp.; Klukisporites pseudoreticulatus
Couper 1958; Reticulisporites elongatus Singh 1971; Scortea tecta
Chlonova 1976; see report for many more identifications.
REMARKS: Preservation and recovery excellent. A lower limit of
Barremian is imposed by the presence of monocolpate angiosperm pollen
(Clavatipollenites minutus) in C-112033 (R83-52F). See old report for iden-
tifications, both reports for discussion of age.
AGE: Barremian to Early or Middle Albian

C-112040 P 83 60F 104 H/14 492450  6407400
A.R. Sweet 1-ARS-1984
Liliacidites dividuus; Cupuliferoidaepollenites parvulus; Retitricolpites
crasus; R. virgenus; Trocolpites parvus; Ephedripites sp.; Eucommiidites
minor; Appendicisporites bifurcatus; Costatoperforosporites faveolatus;
Distaltriangulisporites irregularis; D. perplexus; Echinatisporis
varispinosus; Foveosporites labisosus; Microreticulatisporites uniformis;
Ornamentifera echinata; Reticulisporites elongatus.
REMARKS: Preservation and recovery good. Age based on the presence of
tricolpate angiosperm pollen and the apparant absence of tricolporate pollen.
AGE: probably Middle or Late Albian

C-137470 SLA 85 21 104 H/11 493100  6399100
A.R. Sweet 5-ARS-2000
REMARKS: Eaglenest Range. Basal Tango Creek Fm., numbers
C-137470–C-137477. Sample is from bottom of 50 m section; C-137471 to
C-137476 are near base; (1985 Field Trip accompanied by J. Basinger).
Roughly same section as C-112032, C-112033. See report for discussion of
age (older rather than younger in range).
AGE: Barremian to Early or Middle Albian

C-112034 R 83 53F 104 H/14 493300  6406200
A.R. Sweet 1-ARS-1984
Liliacidites textus; Cupuliferoidaepollenites parvulus; Retitricolpites
crassus; R. vermimurmus; R. vulgaris; Eucommiidites minor;
Rugubivesiculites reductus; Apiculatisporis babsae; Appendicisporites
problematicus; Camarozonosporites sp.; Cicatricosisporites augustus
Singh 1971; C. hallei Delcourt and Sprumont 1955; Concavissimisporites
sp. cf. C. punctatus (Delcourt Sprumont) Brenner 1963; see report for several
more identifications.
REMARKS: Preservation and recovery excellent. Age based on the pres-
ence of 4 species of tricolpate angiosperm pollen and the apparatus absence
of tricolporate pollen. Age is probably Middle or Late Albian, but not latest.
AGE: probably Middle or Late Albian

C-137477 SLA 85 21 104 H/11 493500  6399200
A.R. Sweet 5-ARS-2000
REMARKS: Eaglenest Range. Basal Tango Creek Fm., numbers
C-137470–C-137477. Sample from top of 50 m section; 200 m of slope
covered (1985 Field Trip accompanied by J. Basinger). Roughly same sec-
tion as C-112032, C-112033. See report for discussion of age.
AGE: Barremian to Early or Middle Albian

C-112035 R 83 54F 104 H/14 494140  6405770
A.R. Sweet 1-ARS-1984
Cupuliferoidaepollenites minutus; Cupuliferoidaepollenites parvulus;
Liliacidites dividuus; Retitricolpites crassus; R. maximus; R. virgeus;
Stellatopollis sp.; Eucommiidites minor; Vitreisporites pallidus;
Apiculatisporis babsae Brenner 1963; Appendicisporites problematicus
(Burger) Singh 1971; A. unicus (Markova) Singh 1964; Camarozonosporites
augustus Singh 1971; Coptospora sp.; see report for more identifications.
REMARKS: Preservation and recovery excellent. Age based on the pres-
ence of tricolpate angiosperm pollen and the apparent absence of tricolporate
pollen.  Age is probably Middle or Late Albian, but not latest.
AGE: probably Middle or Late Albian
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C-no. Field no. NTS Easting Northing

175727 EPG 89 178 104 H/5 447811 6350033
EPG 89 175 104 H/5 448303 6360549

175654 EPG 89 264 104 H/4 449088 6342085
175655 EPG 89 267 104 H/4 449122 6340688
175657 EPG 89 277 104 H/4 449150 6339650
175731 EPG 89 192 104 H/5 449184 6348463
175729 EPG 89 182 104 H/5 449398 6351313
175716 EPG 89 150.2 104 H/5 451556 6370534
175733 EPG 89 199 104 H/5 451641 6349737
175658 EPG 89 288 104 H/4 451786 6338400
175735 EPG 89 205 104 H/5 452015 6347322
175660 EPG 89 293 104 H/4 452149 6340009
175607 EP 89 87 104 H/5 453141 6364260
175668 EPG 89 358 104 H/4 454438 6341505
175667 EPG 89 354 104 H/4 455459 6340167
175710 EPG 89 67 104 H/12 455654 6384278
175666 EPG 89 351 104 H/4 456550 6339450
175664 EPG 89 342 104 H/4 458006 6340185
175663 EPG 89 338 104 H/4 459245 6341587
175714 EPG 89 126 104 H/12 463145 6375031
175712 EPG 89 121 104 H/5 465506 6371086
175661 EPG 89 297 104 H/3 472708 6336826
175739 EPG 89 217 104 H/6 476831 6372404
175744 EPG 89 244 104 H/6 477111 6368626
175748 EPG 89 255 104 H/6 480733 6363994
177813 EP 90 147.2 104 H/3 483530 6319500
177820 EP 90 165.2 104 H/3 487176 6326362
88171 EP 88 60.2 104 H/6 489984 6363584
175670 EPG 89 373 104 H/6 496638 6351627
175672 EPG 89 401 104 H/6 498311 6348474
116475 EP 88 235 104 H/2 501325 6331690
116474 EP 88 225 104 H/2 505090 6332630
116467 EPR 88 19.1 104 H/2 507750 6321300
116462 EPR 88 12.1 104 H/2 513260 6332850
116458 EPR 88 10.2 104 H/2 513600 6333875
116879 GAE 86 335 104 H/2 513930 6330670
116251 GAD 83 96 P2630-1 104 H/10 516920 6391980
116452 EPR 88 4A 104 H/2 519910 6335970
201878 EPC 92 479.0 104 H/2 520250 6324500
201877 EPC 92 472.3 104 H/2 520480 6326210
88191 EP 88 141.3 104 H/2 524117 6319122
88190 EP 88 141 104 H/2 524240 6319260
88189 EP 88 135.2 104 H/2 525471 6320149
201868 EPM 92 82.3 104 H/2 528159 6334911
88183 EP 88 119 104 H/1 532636 6326237
88114 GAE 87 485 104 H/8 537383 6354268
88113 GAE 87 483 104 H/8 537845 6354667
201688 EP 92 346.2 104 H/1 538598 6318507
201687 EP 92 344.0 104 H/1 538965 6319275
88179 EP 88 94 104 H/1 542674 6336928

C-no. Field no. NTS Easting Northing Type

116870 GAE 86 289 104 H/7 514983 6371483 Bivalve



C-177842 EP 90 274.2 104 H/11 496216  6396816
S.E. MacLeod SM-1992-1
Cingutriletes clavus; Steireisporites antiquasporites; Neoraistrickia
truncata; Baculatisporites comaumensis; Osmundacidites wellmanii;
Appendicisporites erdtmanii; Cicatricosisporites dorogenesis; C. hughesi;
C. spiralis; C. venustus; C. ludbrooki ?; C. cf. exilioides; Cicatricososporites
auritus; Contignisporites burgeri; C. glebulentus; C. cooksoniae;
Gleicheniidites senonicus; Cyathidites minor; C. australis; Retitriletes
marginatus; see report for more identifications.
REMARKS: 2 slides (?) or 274 mislabeled in report as a second 274.2 in
report.
AGE: Barremian to Early Albian

C-112036 R 83 55F 104 H/14 499320  6404620
A.R. Sweet 1-ARS-1984
Complexiopollis sp. cf. C. funiculus; Complexiopollis sp. cf. C. patulus; cf.
Fibulapollis sp.; Inaperturotetradites scabratus; Nyssapollenites
albertensis; Proteacidites retusus; Cupuliferoidaepollenites parvulus;
Retitricolpites vulgaris; Eucommiidites minor Groot and Penny 1960;
Vitreisporites pallidus (Reissinger) Nilsson 1958; Aquitriradites spinulosus
(Cookson and Dettman) Cookson and Dettmann 1961; Pediastrum sp.
REMARKS: Preservation and recovery good. See report for discussion of
age.
AGE: Coniacian to Santonian

C-175719 EPG 89 19 104 H/15 515911  6416111
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Gleicheniidites senonicus (R); Ischyosporites spp.
(R); Laevigatosporites ovatus (R); Retitriletes reticulumsporites (R);
Retitriletes spp. (R); Neoraistrickia truncata (R); Psilatricolpites spp. (P);
Sculptisporis sp. (R); Taxodiaceae (R); Tetrad (R); undifferentiated spores
(A); Alisporites thomasii (R); Alisporites spp.; undifferentiated bisaccate
grains (P).
REMARKS: Maturation level = Low (2). This sample contains abundant ter-
restrial palynomorphs dominated by spores. See report for discussion of age.
AGE: Middle Jurassic to Early Cretaceous

C-137531 SLA 85 23 1 104 H/10 516250  6394150
A.R. Sweet 5-ARS-2000
REMARKS: Cold Fish Lake, south cirque, south side. Tango Creek Fm,
lower; numbers C-137531–C-137540. (accompanied by J. Basinger). One
sample (C-137534) in section yielded prolific assemblage; preservation poor
in all; see report for discussion of age.
AGE: probably Middle or Late Albian

C-116493 EP 88 307.2 104 H/15 516310  6423500
A.R. Sweet AS-89-02
Appendicisporites bilateralis Singh 1971; Cicatricosisporites sp.;
Clavatipollenites sp.; Costatoperforosporites foveolatus Deak 1962;
?Deltoidospora sp.; Distaltriangulisporites mutabilis Singh 1971;
Distaltriangulisporites perplexus (Singh) Singh 1971; Eucommiidites minor
Groot and Penny, 1960; Foveosporites labiosus Singh, 1971;
Foveotetradites sp.; Gleicheniidites sp.; Ischyospories disjunctus Singh,
1971; Ornamentifera Baculata Singh, 1971; see report for 5 more forms.
REMARKS: Preservation and recovery excellent. This sample contains taxa
considered to have stratigraphic ranges limited to the Albian (see report for
reasons).
AGE: probably Late Albian or Early Cenomanian

C-137540 SLA 85 23 10 104 H/10 516425  6394050
A.R. Sweet 5-ARS-2000
REMARKS: Cold Fish Lake, south cirque, south side. Tango Creek Fm.,
lower; numbers C-137531–C-137540. (accompanied by J. Basinger). One
sample (C-137534) in section yielded prolific assemblage; preservation poor
in all; see report for discussion of age.
AGE: probably Middle or Late Albian

C-116255 GAD 83 97b  P2630-5 104 H/10 516580  6392740
A.R. Sweet 3-ARS-1984
Eucommiidites? sp.; Cicatricosisporites australiensis; Cicatricosisporites
sp.; Cyathidites sp.; Lycopodiumsporites sp.; Osmundacidites sp.;
Sterisporites sp.
REMARKS: Very sparse recovery, high degree of carbonization therefore
preservation is poor. Stratigraphic position of 96a to 99b uncertain due to
structural complexity (CAE).
AGE: Late Kimmeridgian or younger

C-116256 GAD 83 97c   P2630-6 104 H/10 516650  6392960
A.R. Sweet 3-ARS-1984
Cicatricosisporites australiensis; C. spiralis; Gleicheniidites sp.;
Microreticulatisporites sp.; ?tricolpate pollen.
REMARKS: Recovery sparse, preservation generally poor with exception
of the specimen of Cicatricosisporites spiralis. Stratigraphic position of 96a
to 99b uncertain due to structural complexity (CAE).
AGE: probably Early Cretaceous, possibly Middle Albian or younger

C-116262 GAD 83 99a  P2630-12 104 H/10 517000  6394090
A.R. Sweet 3-ARS-1984
Retitricolpites sp.; Eucommiidites minor; Aequitriradites spinulosus;
Balmeispori tes holodictyus ; Cicatr icosispori tes hal le i ;
Distaltriangulisporites perplexus; Microreticulatisporites uniformis;
Rouseisporites reticulatus.
REMARKS: Recovery sparse to average, preservation poor. Stratigraphic
position of 96a to 99b uncertain due to structural complexity (CAE).
AGE: Middle or Late Albian

C-137541 SLA 85 23A 6 104 H/10 517000  6394750
A.R. Sweet 5-ARS-2000
One sample in measured section has Aquilapollenites.
REMARKS: Cold Fish Lake, south cirque, north side. Tango Creek, lower.
C-No’s 137541-546. (accompanied by J. Basinger). C-137546 yielded
Aquilapollenites, dinoflagellates in C-137542.
AGE: Coniacian or younger

C-116258 GAD 83 98a  P2630-8 104 H/10 517090  6393200
A.R. Sweet 3-ARS-1984
Clavatipollenite minutus; Cupuliferoidaepollenites parvulus; Liliacidites
textus; Retitricolpites prosimilis; Ephedripites sp.; Eucommiidites minor;
Rugubivesiculites sp.; Vitreisporites pallidus; Aequitriradites spinulosus;
Appendicisporites sp.; Arcellites disciformis Miner emend. Ellis and
Tschudy 1964; Balmeisporites holodictyus Cookson and Dettmann 1958;
Cicatr icosispori tes hal le i Delcourt and Sprumont 1955;
Costatoperforosporites; see report for more flora.
REMARKS: Recovery excellent, preservation poor. About 200 m
downsection from 98b. Stratigraphic position of 96a to 99b uncertain due to
structural complexity (CAE).
AGE: Middle or Late Albian

C-116259 GAD 83 98b  P2630-9 104 H/10 517140  6393380
A.R. Sweet 3-ARS-1984
Retitricolpites sp.; Ephedripites sp.; Gleicheniidites sp.; Rouseisporites sp.
REMARKS: Recovery sparse, preservation very poor; 10 to 50 m below
98c. Stratigraphic position of 96a to 99b uncertain due to structural complex-
ity (CAE).
AGE: probably Middle or Late Albian

C-137546 SLA 85 23A 1 104 H/10 517150  6394775
A.R. Sweet 5-ARS-2000
One sample in measured section has Aquilapollenites.
REMARKS: Cold Fish Lake, south cirque, north side. Tango Creek, lower;
numbers C-137541–C-137546 (accompanied by J. Basinger). C-137546
yielded Aquilapollenites; dinoflagellates in C-137542.
AGE: Coniacian or younger

C-116260 GAD 83 98c  P2630-10 104 H/10 517150  6393580
A.R. Sweet 3-ARS-1984
?Retitricolpites sp.; Cyathidites sp.
REMARKS: Recovery and preservation very poor on south limb of
anticline. Stratigraphic position of 96a to 99b uncertain due to structural
complexity (CAE).
AGE: possibly Middle or Late Albian

C-116265 GAD 83 101a  P2630-15 104 H/10 517180  6394660
A.R. Sweet 3-ARS-1984
Nyssapollenites albertensis; Tricolpites sp. cf. T. micromunus;
Eucommiidites minor; Vitreisporites pallidus; Cicatricosisporites sp.;
Klukisporites sp.; Ornamentifera echinata.
REMARKS: Recovery sparse, preservation poor to average; 8.5 m above 101.
AGE: Late Albian or younger

C-160522 SLA 87 2A 104 H/10 517200  6395830
A.R. Sweet
REMARKS: Cold Fish Lake, cirque section. Tango Creek Fm, uppermost;
(1987 Field Trip with G. Smith and T. Jerzykiewicz).
AGE: Late Campanian
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C-116268 GAD 83 102b  P2630-18104 H/10 517260  6394680
A.R. Sweet 3-ARS-1984
Tricolpites micromunus; Tricolporopollenites sp. cf. T. triangulus;
Classopollis sp.; Aequitriradites spinulosus; Cicatricosisporites annulatus;
Dictyotriletes southeyensis; Echinatisporis varispinosus; Foraminisporis
wonthaggiensis; Foveotriletes subtriangularis; Janusporites sp.;
Microreticulatisporites uniformis.
REMARKS:  Recovery and preservation average; 78 m  above 101.
AGE: Late Albian or younger

C-116271 GAD 83 104b  P2630-21104 H/10 517280  6395470
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites sp. cf. A. dolium; Cupuliferoidaepollenites parvulus;
Liliacidites sp.; Nyssapollenites sp.; Tricolpites micromunus;
Cicatricosisporites sp.; Foraminisporis wonthaggiensis;
Microreticulatisporites uniformis; Polycingulatisporites sp.; tricolporate pollen.
REMARKS: Recovery sparse, preservation good; 469 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Coniacian, possibly Santonian

C-137547 SLA 85 24 104 H/10 517300  6395500
A.R. Sweet 5-ARS-2000
One sample in measured section yielded abundant Aquilapollenites turbidus.
REMARKS: Cold Fish Lake, north cirque, west side. Tango Creek Fm,
short section in middle; numbers C-137547–C-137554. (accompanied by
J. Basinger).
AGE: Campanian, probably Early Campanian

C-137554 SLA 85 24 104 H/10 517300  6395500
A.R. Sweet 5-ARS-2000
One sample in measured section yielded abundant Aquilapollenites turbidus.
REMARKS: Cold Fish Lake, north cirque, west side. Tango Creek Fm.,
short section in middle; numbers C-137547–C-137554 (accompanied by
J. Basinger).
AGE: Campanian, probably Early Campanian

C-116272 GAD 83 105  P2630-22 104 H/10 517300  6395500
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
cf. Complexiopollis sp.; Proteacidites retusus?; Retitricolpites sp.
REMARKS: Recovery very sparse; preservation poor; 509 m above 101.
Old report has identifications, new report has revisions to age and detailed
notes of age of section.
AGE: Coniacian, possibly Santonian

C-116270 GAD 83 104  P2630-20 104 H/10 517310  6395300
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Complexiopollis spp.; Nyssapollenites albertensis; Retitricolpites sp.;
Senectotetradites sp.; Concavissimisporites sp.; Impardecispora sp.;
Lycopodiacidites sp. cf. L. ambifoveolatus; Microreticulatisporites
uniformis; tricolporate pollen.
REMARKS: Recovery and preservation average; 370 m above 101. Old
report has identifications, new report has revisions to age and detailed discus-
sion of age of section.
AGE: Coniacian, possibly Santonian

C-116273 GAD 83 105a  P2630-23 104 H/10 517320  6395580
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites sp. cf. A. rigidus; A. trialatus?; Cicatricosisporites sp.;
Distaltriangulisporites sp.; Klukisporites sp.; Pediastrum sp.
REMARKS: Recovery very sparse; preservation poor; 632 m above 101.
Old report has identifications, new report has revisions to age and detailed
notes of age of section.
AGE: Early to early Late Campanian

C-116274 GAD 83 105b  P2630-34104 H/10 517330  6395650
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites sp. cf. A. rigidus; A. trialatus; Cicatricosisporites sp.;
Klukisporites sp.; Concavissimisporites sp.
REMARKS: Recovery very sparse; preservation average; 729 m above 101.
Old report has identifications, new report has revisions to age and detailed
notes of age of section.
AGE: Early to early Late Campanian

C-116275 GAD 83 105c  P2630-25 104 H/10 517360  6395750
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites sp. cf. A. rigidus; Retitricolpites sp.; Cicatricosisporites
sp.; Pediastrum sp.; dinoflagellates.

REMARKS: Recovery sparse, preservation poor; 854 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Early to early Late Campanian

C-116276 GAD 83 106  P2630-26 104 H/10 517380  6395800
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites sp. cf. A. ceriocorpus; A. rigidus; A. trialatus var.
variabilis; Erdtmanipollis? sp.; Pentapollenites miser; Senectotetradites sp.;
Cicatricosisporites sp.; Distaltriangulisporites sp.; Foraminisporis
wonthaggiensis; Polycinulatisporites sp.; Seductisporites sp.; Gardodinium sp.
REMARKS: Recovery and preservation average; 911 m above 101. Old report has
identifications,newreporthasrevisions toageanddetailednotesofageofsection.
AGE: Early to early Late Campanian

C-116269 GAD 83 103b  P2630-19104 H/10 517400  6395100
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
?Complexiopollis sp.; Nyssapollenites albertensis; Tricolpites micromunus;
Tricolporoidites sp.; Gardodinium trabeculosum; ?Muderongia sp.;
tricolporate pollen.
REMARKS: Recovery and preservation good; 299 m above 101. Old report
has identifications, new report has revisions to age and detailed discussion of
age of section.
AGE: Coniacian, possibly Santonian

C-137351 SLA 85 20 1 104 H/10 517800  6394725
A.R. Sweet 5-ARS-2000
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, middle-
upper; numbers C-137351–C-137469. Base of 816.2 m of Tango Creek Fm
in cirque section (accompanied by J. Basinger). See report for discussion of
age of section.
AGE: Coniacian or younger

C-137353 SLA 85 20 3 104 H/10 517840  6394730
A.R. Sweet 5-ARS-2000
Triporate pollen.
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, mid-
dle-upper; numbers C-137351–C-137469; 16 m above base of 816.2 m of
Tango Creek Fm  in cirque section. See report for discussion of age.
AGE: Coniacian or younger

C-137355 SLA 85 20 6 104 H/10 517860  6394740
A.R. Sweet 5-ARS-2000
Fibulapollis; Aquilapollenites.
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, mid-
dle-upper; numbers C-137351–C-137469; 31.3 m above base of 816.2 m of
Tango Creek Fm in cirque section. See report for discussion of age.
AGE: Coniacian or younger

C-137385 SLA 85 20 35 104 H/10 518030  6394810
A.R. Sweet 5-ARS-2000
Fibulapollis sp.
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, middle-
upper; numbers C-137351–C-137469; 256 m above base of 816.2 m of
Tango Creek Fm in cirque section. See report for discussion of age.
AGE: Santonian or younger

C-137393 SLA 85 20 43 104 H/10 518110  6394880
A.R. Sweet 5-ARS-2000
Aquilapollenites sp.
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, mid-
dle-upper; numbers C-137351–C-137469; 393 m above base of 816.2 m of
Tango Creek Fm in cirque section. See report for discussion of age.
AGE: Santonian or younger

C-137398 SLA 85 20 48 104 H/10 518140  6394900
A.R. Sweet 5-ARS-2000
Aquilapollenites clairireticulatus
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm, mid-
dle-upper; numbers C-137351–C-137469; 398 m above base of 816.2 m of
Tango Creek Fm in cirque section. See report for discussion of age.
AGE: Early Campanian or younger

C-137469 SLA 85 20 119 104 H/10 518475  6395300
A.R. Sweet 5-ARS-2000
REMARKS: Cold Fish Lake, north cirque, east side. Tango Creek Fm,
upper; numbers C-137351–C-137469. Top of 816.2 m of cirque section and
of unit. See report for discussion of age of section.
AGE: Early to early Late Campanian
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C-193913 SLA 90 9 1 104 H/8 540770  6366420
A.R. Sweet 06-ARS-1998
Bisaccate pollen (abundant); Cicatricosisporites sp.; Gleicheniidites sp.;
(abundant) ; Lycopodiumspori tes sp. ; Stereispori tes sp. ;
Taxodiaceae/Cupressaceae/Taxaceae pollen; tricolpate pollen.
REMARKS: Tango Creek Fm; numbers C-193913–C-193917; all within
40 m section; except 915, all above angular unconf. within Tango Creek Fm.
location ± 150 m; Recovery sparse; preservation poor; residue dominated by
coaly debris.
AGE: Middle Albian or younger

C-193914 SLA 90 9 2 104 H/8 540770  6366420
A.R. Sweet 06-ARS-1998
Cicatricosisporites sp.; Deltoidospora sp.; fungi; Gleicheniidites sp.;
tricolpate pollen.
REMARKS: Tango Creek Fm, numbers C-193913–193917; all in 40 m sec-
tion; except 915, all above angular unconf. within Tango Creek Formation;
location ± 150 m; Recovery sparse; preservation poor; residue dominated by
coaly debris; residue composed of both coaly and cuticular debris.
AGE: Middle Albian or younger

C-193915 SLA 90 9 3 104 H/8 540770  6366420
A.R. Sweet 06-ARS-1998
Appendicisporites bifurcatus Singh 1971; Appendicisporites sp.; bisaccate
pollen; Cicatricosisporites sp.; Cyathidites sp.; Deltoidospora sp.; fungi;
Gleicheni idi tes sp. (abundant) ; Osmundacidi tes sp. ;
Taxodiaceae/Cupressaceae/Taxaceae pollen; tricolpate pollen (fine reticu-
lation); tricolpate pollen (medium reticulation).
REMARKS: Tango Creek Fm, numbers C-193913–C-193917; all in 40 m
section; except 915, all above angular unconf. within Tango Creek Forma-
tion; location ± 150 m; Recovery sparse; preservation poor; residue domi-
nated by coaly debris; residue composed of both coaly and cuticular debris.
AGE: Middle Albian or younger

C-193916 SLA 90 9 4 104 H/8 540770  6366420
A.R. Sweet 06-ARS-1998
Appendicisporites sp.; bisaccate pollen; Cicatricosisporites sp.;
Eucommiidites sp.; Gleicheniidites sp.; Laevigatosporites sp.;
Rugubivesiculites sp.; Simplicepollis sp. (small, obligate tetrahedral tetrads);
tricolpate pollen; tricolporate pollen.
REMARKS: Tango Creek Fm, numbers C-193913–C-193917; all in 40 m
section; except 915, all above angular unconf. within Tango Creek Forma-
tion; location ± 150 m; Recovery poor; preservation poor; residue dominated
by coaly debris.
AGE: Late Albian to Cenomanian

C-193917 SLA 90 9 5 104 H/8 540770  6366420
A.R. Sweet 06-ARS-1998
Cicatricosisporites sp.; Cyathidites sp.; Eucommiidites minor Groot &
Penny 1960; Gleicheniidites sp.; Simplicepollis sp.; tricolpate pollen
(clavate); tricolpate pollen (small psilate); tricolpate pollen (reticulate).
REMARKS: Tango Creek Fm, numbers C-193913–C-193917; all within
40 m section; except 915, all above angular unconf. within Tango Creek
Formation; location ± 150 m; Recovery poor; preservation poor; residue
dominated by coaly debris.
AGE: Late Albian to Cenomanian

C-193901 SLA 90 8 1 104 H/8 542820  6369940
A.R. Sweet 05-ARS-1998
Selected flora: Cicatricosisporites sp.; Deltoidospora sp.; fungal spore;
Liliacidites; Taxodiaceae/Cupressaceae/Taxaceae pollen.
REMARKS: base of 124.5 m section ± 100 m, numbers C-193901–
C-193912. Recovery poor; preservation poor; residue dominated by fusinitic
and coaly debris.
AGE: indeterminate

C-193902 SLA 90 8 2 104 H/8 542820  6369940
A.R. Sweet 05-ARS-1998
Selected flora: Gleicheniidites sp.; Stereisporites sp.
REMARKS: at 17.5–20.5 m of 124.5 m section; location ± 100 m, numbers
C-193901–C-193912. Recovery poor; preservation poor; residue dominated
by fusinitic and coaly debris. A Late Campanian age for the section is indi-
cated by the species of Aquilapollenites present.
AGE: indeterminate

C-193904 SLA 90 8 4 104 H/8 542830  6369950
A.R. Sweet 05-ARS-1998
Aquilapollenites sp.(?); Aquilapollenites trialatus var. variabilis Tschudy &
Leopold 1971; Cyathidites sp.; Gleicheniidites sp.; Liburnisporis sp.
REMARKS: at 23.3–29.8 m of 124.5 m section; location ± 100 m, numbers
C-193901–C-193912. Recovery poor; preservation poor; residue dominated
by fusinitic and coaly debris. A Late Campanian age for the section is indi-
cated by the species of Aquilapollenites present.
AGE: Late Campanian

C-193905 SLA 90 8 5 104 H/8 542840  6369960
A.R. Sweet 05-ARS-1998
Bisaccate pollen; Gleicheniidites sp.
REMARKS: at 31.8–35.3 m of 124.5 m section; location ± 100 m, numbers
C-193901–C-193912. Recovery poor; preservation poor; residue dominated
by fusinitic and coaly debris. A Late Campanian age for the section is indi-
cated by the species of Aquilapollenites present.
AGE: indeterminate

C-193906 SLA 90 8 6 104 H/8 542850  6369980
A.R. Sweet 05-ARS-1998
Aquilapollenites sp. cf. A. clarireticulatus Samoilovich 1965; A. mirabilis
Srivastava 1968; A. oblatus Srivastava 1968; Cicatricosisporites sp.;
Deltoidospora sp.; Erdtmanipollis sp.; Gabonisporis? sp.; Gleicheniidites
sp.; reticulate angiosperm; Rutihesperipites sp.; Scabratriporites legibilis
Samoilovich 1965; Taxodiaceae/Cupressaceae/Taxaceae pollen; tricolpate
pollen (small) (common).
REMARKS: at 39.8–42.8 m of 124.5 m section; location ± 100 m, numbers
C-193901–C-193912. Recovery sparse; preservation poor; residue domi-
nated by fusinitic and cuticular debris. A Late Campanian age is indicated by
the species of Aquilapollenites present.
AGE: Late Campanian

C-193908 SLA 90 8 8 104 H/8 542870  6370050
A.R. Sweet 05-ARS-1998
Cicatricosiporites sp.
REMARKS: at 52.5–57.0 m of 124.5 m section; location ± 100 m, numbers
C-193901–C-193912. No stratigraphically significant palynomorphs
observed.  Residue dominated by fusinitic and coaly debris.
AGE: indeterminate

C-193910 SLA 90 8 10 104 H/8 542910  6370140
A.R. Sweet 05-ARS-1998
Aquilapollenites trialatus Rouse 1957; bisaccate pollen; A. vinosus
Srivastava 1969; unidentifiable spheres (abundant); Deltoidospora sp.;
fungi; Gleicheniidites sp.; Lycopodiumsporites sp.; Osmundacidites sp.
REMARKS: at 113.0–115.0 m of 124.5 m section; location ± 100 m; num-
bers C-193901–C-193912. Recovery sparse; preservation poor; residue
dominated by fusinitic and cuticular debris. A Late Campanian age is indi-
cated by the species of Aquilapollenites present.
AGE: Late Campanian

C-193911 SLA 90 8 11 104 H/8 542920  6370160
A.R. Sweet 05-ARS-1998
Aquilapollenites sp. cf. A. clarireticulatus Samoilovich 1965 ; A. sp. A.
rectus Tschudy 1969 ; Taxodiaceae/Cupressaceae/Taxaceae pollen.
REMARKS: at 118.0–120.0 m of 124.5 m section; locaton ± 100 m; num-
bers C-193901–C-193912. Recovery sparse; preservation poor; residue
dominated by fusinitic and cuticular debris. A Late Campanian age for the
section is indicated by the species of Aquilapollenites.
AGE: Late Campanian

C-193912 SLA 90 8 12 104 H/8 542920  6370160
A.R. Sweet 05-ARS-1998
Bisaccate pollen; Deltoidospora sp.; Gleicheniidites sp.
REMARKS: top of 124.5 m section (tuff at 102.5 m), numbers
C-193901–C-193912. Recovery sparse; preservation poor; residue domi-
nated by fusinitic and cuticular debris.
AGE: indeterminate

C-88147 EP 88 35 104 H/16 545280  6403190
A.R. Sweet AS-89-02
Vitreisporites pallidus (Reissinger) Nilsson, 1958.
REMARKS: Preservation appears to be good, recovery very sparse; except
for the single specimen of Vitreisporites recorded above residue of abundant
woody fragments.
AGE: Mesozoic
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C-302430 EP 96 250 104 H/9 550820  6394720
A.R. Sweet 07-1998-ARS
Selected flora: Cyathidites sp.; Cycadopites sp.; Eucommiidites sp.;
Foveosporites labiosus Singh 1971; fungal spores; Laevigatosporites sp.
(common); tricolpate pollen; Taxodiaceae/Cupressaceae/Taxacea pollen.
REMARKS: Recovery very sparse, preservation relatively good. Limited
residue of palynomorphs and fusinitic debris. Middle Albian or younger
based on the presence of tricolpate pollen; 10 m below contact with Brothers
Peak Fm.
AGE: Middle Albian or younger

C-193918 SLA 90 10 1 104 H/8 552120  6360620
A.R. Sweet 08-ARS-1998
Appendicisporites sp.; bisaccate pollen; Deltoidospora sp.; Cicatricosisporites
sp.; Gleicheniidites sp.; Rugubivesiculites sp.; Taurcosporites sp.;
Taxodiaceae/Cupressaceae/Taxaceae pollen; tricolpate pollen.
REMARKS: Tango Creek Fm near base, numbers C-193918–C-193920.
Recovery sparse; preservation poor. Age based on the combined presence of
Appendicisporites sp., Rugubivesiculites and nondescript tricolpate pollen
and the absence of taxa characteristic of younger ages.
AGE: Late Albian or Cenomanian

C-193920 SLA 90 10 3 104 H/8 552350  6360090
A.R. Sweet 08-ARS-1998
Bisaccate pollen; Osmundacidites sp.; Rugubivesiculites sp.; Vitreisporites
sp.
REMARKS: Tango Creek Fm near base, numbers C-193918–C-193920.
Recovery poor; preservation poor. Residue dominated by coaly debris.
AGE: indeterminate

C-193942 SLA 90 11 1 104 H/8 552646  6358130
A.R. Sweet 08-ARS-1998
Bisaccate pollen; Cicatricosisporites sp.
REMARKS: Tango Creek Formation 83 m above base of unit (83 m of
Tango Creek Formation sampled); recovery poor, preservation poor, palyno-
morphs degraded. Residue dominated by coaly debris. See report for discus-
sion of age.
AGE: indeterminate

C-193940 SLA 90 11 3 104 H/8 552647  6358119
A.R. Sweet 08-ARS-1998
Tricolpate pollen, unidentifiable spores.
REMARKS: Tango Creek Fm 67 m above base of unit (83 m of Tango Creek
Fm sampled); recovery very sparse, preservation poor and degraded. Resi-
due dominated by coaly debris. See report for discussion of age.
AGE: indeterminate

C-193938 SLA 90 11 4 104 H/8 552647  6358116
A.R. Sweet 08-ARS-1998
Appendicisporites problematicus (Burger) Singh 1971; Biretisporites sp.;
bisaccate pollen; Cicatricosisporites hallei Delcourt and Sprumont 1955;
Cicatricosisporites sp.; Deltoidospora sp.; Eucommiidites minor Groot and
Penny 1960; Foraminisporis wonthaggiensis (Cookson and Dettmann)
Dettmann 1963; Klukisporites pseudoreticulatus Couper 1958;
Gleicheniidites sp.; tricolpate pollen.
REMARKS: Tango Creek Fm 59 m above base of unit (83 m of Tango Creek
Fm sampled); recovery average, preservation poor and degraded. Residue
dominated by coaly debris and palynomorphs. See report for discussion of age.
AGE:  probably Late Albian or Cenomanian

C-193941 SLA 90 11 2 104 H/8 552647  6358120
A.R. Sweet 08-ARS-1998
Appendicispori tes sp. ; bisaccate pol len; Biret ispori tes sp. ;
Cicatricosisporites augustus Singh 1971; Cicatricosisporites spp.;
Deltoidospora sp.; Gleicheniidites sp.; Hamulatisporites sp.; Klukisporites
sp.; Laevigatosporites sp.; Stereisporites sp.; tricolpate pollen.
REMARKS: Tango Creek Fm 69 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation poor, palynomorphs degraded.
Residue dominated by coaly debris and palynomorphs. See report for discus-
sion of age.
AGE: probably Late Albian or Cenomanian

C-193934 SLA 90 11 8 104 H/8 552648  6358108
A.R. Sweet 08-ARS-1998
Algal cysts; Appendicisporites bifurcatus Singh 1971; Appenidicisporites
bilateralis Singh 1971; Appendicisporites problematicus (Burger) Singh
1971; Appendicisporites unicus (Markova) Singh 1971; Cicatricosisporites

hallei Delcourt and Sprumont 1955; Cicatricosisporites sp.;
Distaltrianulisporites sp.; Eucommiidites minor Groot and Penny 1960;
Gleicheniidites sp.; Hamulatisporites sp.; Klukisporites pseudoreticulatus
Couper 1958; Klukisporites sp.; Laevigatosporites sp.; tricolpate pollen.
REMARKS: Tango Creek Fm 35 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation poor and degraded. Residue dom-
inated by coaly debris and palynomorphs. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

C-193935 SLA 90 11 7 104 H/8 552648  6358110
A.R. Sweet 08-ARS-1998
Appendicisporites problematicus (Burger) Singh 1971; Biretisporites sp.;
Cicatricosisporites hallei Delcourt and Sprumont 1955; Cyathidites sp.;
Deltoidospora sp.; Gleicheniidites sp.; Klukisporites pseudoreticulatus
Couper 1958; reticulate net; zonate spore.
REMARKS: Tango Creek Fm 44 m above base of unit (83 m of Tango Creek
Fm sampled); recovery sparse, preservation poor and degraded. Residue
dominated by woody and coaly debris. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

C-193936 SLA 90 11 6 104 H/8 552648  6358112
A.R. Sweet 08-ARS-1998
Cicatricosisporites sp.; Distaltriangulisporites sp.; Gleicheniidites sp.;
Klukisporites pseudoreticulatus Couper 1958.
REMARKS: Tango Creek Fm 47 m above base of unit (83 m of Tango Creek
Fm sampled); recovery sparse, preservation poor and degraded. Residue
dominated by woody and coaly debris. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

C-193933 SLA 90 11 9 104 H/8 552649  6358107
A.R. Sweet 08-ARS-1998
Appendicisporites bifurcatus Singh 1971; Appendicisporites problematicus
(Burger) Singh 1971; Cicatricosisporites hallei Delcourt and Sprumont 1955;
Cicatricosisporites sp.; Biretisporites sp.; bisaccate pollen; Deltoidospora sp.;
Distaltriangulisporites sp.; Gleicheniidites sp.; Hamulatisporites sp.;
Klukisporites pseudoreticulatus Couper 1958; Klukisporites sp.;
Laevigatosporites sp.; Retimonocolpites sp.
REMARKS: Tango Creek Fm 32 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation poor and degraded. Residue domi-
nated by coaly debris and palynomorphs. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

C-193932 SLA 90 11 10 104 H/8 552649  6358106
A.R. Sweet 08-ARS-1998
Appendicisporites problematicus (Burger) Singh 1971; Cicatricosisporites
hallei Delcourt and Sprumont 1955; Cicatricosisporites sp.; Biretisporites
sp.; bisaccate pollen; Deltoidospora sp.; Distaltriangulisporites sp.;
Gleicheniidites sp.; Hamulatisporites sp.; Klukisporites pseudoreticulatus
Couper 1958; Laevigatosporites sp.; Ornamentifera sp.; Retimonocolpites
sp.; tricolpate pollen (fine reticulation); tricolpate pollen (medium reticula-
tion).
REMARKS: Tango Creek Fm 31 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation poor, but less degraded than over-
lying samples. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

C-116482 EP 88 285.4 104 H/8 552650  6358130
A.R. Sweet AS-89-02
Cicatr icosispori tes austral iensis (Cookson) Potonie , 1956;
Cicatricosisporites spp.; Gleicheniidites sp.; Klukisporites foveolatus
Pocock, 1964; Psilatricolpites parvulus (Groot & Penny) Norris, 1967;
angiosperm pollen.
REMARKS: Preservation and recovery poor. Residue dominated by coaly
debris. No clearly identifiable angiosperm pollen were observed in the 2
stratigraphically lowest samples which are possibly from the Bowser Lake
Group. See report for further comments.
AGE: Late Albian or Cenomanian

C-193930 SLA 90 11 12 104 H/8 552650  6358103
A.R. Sweet 08-ARS-1998
Aequitr iradi tes spinulosus (Cookson and Dettmann) 1961;
Appendicisporites bifurcatus Singh 1971; Appendicisporites problematicus
(Burger) Singh 1971; Biretisporites sp.; Bohemiasporis sp.;
Cicatricosisporites austaliensis (Cookson) Potonie; Cicatircosisporites sp.;
Cingulatisporites distaverrucosus Brenner 1963; Clavatipollenites sp.;
Concentricystes sp.; Coptospora striata Dettmann 1963; Cyathidites sp.; see
report for many more.
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REMARKS: Tango Creek Fm 11 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation average to good given the level of
carbonization. Residue dominated by cuticular debris and palynomorphs.
See report for discussion of age.
AGE: Late Albian or Cenomanian

C-193929 SLA 90 11 13 104 H/8 552650  6358102
A.R. Sweet 08-ARS-1998
Aequitr iradi tes spinulosus (Cookson and Dettmann) 1961;
Appendicisporites bifurcatus Singh 1971; Appendicisporites problematicus
(Burger) Singh 1971; Arcellites sp.; Balmeisporites glenelgensis Cookson
and Dettmann 1958; bisaccate pollen; Biretisporites; Cicatircosisporites
hallei Delcourt and Sprumont 1955; Cicatricosisporites sp. cf. C.
potomacensis Brenner; Cicatricosisporites sp.; Cirratriradites teter Norris
1967; see report for many more.
REMARKS: Tango Creek Fm 6 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation average to good given the level of
carbonization. Residue dominated by cuticular debris and palynomorphs.
See report for discussion of age.
AGE: Late Albian or Cenomanian

C-116481 EP 88 285.3 104 H/8 552650  6358080
A.R. Sweet AS-89-02
Cicatricosisporites sp.; Eucommiidites minor Groot & Penny, 1960;
Gleicheniidites sp.; Hamulatisporites sp.; Ornamentifera echinata
(Bolkhovitina) Bolkhovitina, 1966; Rousea georgensis (Brenner) Dettmann,
1973; Tricolpites spp.
REMARKS:  Preservation poor, recovery sparse.
AGE: Late Albian or Cenomanian

C-193931 SLA 90 11 11 104 H/8 552650  6358104
A.R. Sweet 08-ARS-1998
Cicatricosisporites hallei Delcourt and Sprumont 1955; bisaccate pollen;
Balmeisporites glenelgensis Cookson and Dettmann 1958; Deltoidospora
sp.; fungal spore; Gleicheniidites sp.; Klukisporites pseudoreticulatus
Couper 1958; Klukisporites sp.; tricolpate pollen; tricolpate pollen (medium
reticulation).
REMARKS: Tango Creek Fm 23 m above base of unit (83 m of Tango Creek
Fm sampled); recovery good, preservation poor and degraded. Residue dom-
inated by coaly debris and palynomorphs. See report for discussion of age.
AGE: probably Late Albian or Cenomanian

Tango Creek Formation samples barren of palynomorphs

Plant macrofossils or samples collected for palynology which

have not been submitted, or not processed

Brothers Peak Formation

C-112041 P 83 61F 104 H/14 491420  6409620
A.R. Sweet 5-ARS-2000 (1-ARS-1984)
Aquilapollenites amydaloides; A. sp. cf. A. ceriocorpus; A. sp. cf. A. dolium;
A. sp. cf. A. rhombicus; A. trialatus var. variabilis; A. sp. cf. A. validus;
Complexiopollis sp.; Cranwellia sp.; Erdtmanipollis sp.; Expressipollis sp.;
Inaperturotetradites sp.; Pentapollenites manifestus; P. miser;
Retitricolpites crassus; Aequitriradites spinulosus; Azolla conspicua.
REMARKS: Preservation and recovery good. Age based on the presence of
Aquilapollenites trialatus and Pentapollenites miser. See new report for dis-
cussion of revision to age.
AGE: Late Campanian, probably Early or Middle Campanian

C-112037 R 83 56F 104 H/14 497700  6406700
A.R. Sweet 5-ARS-2000 (1-ARS-1984)
Aquilapollenites sp. cf. A. ceriocorpus; A. mirabilis; A. sp. cf. A. rhombicus;
A. trialatus var. variabilis; A. sp. cf. A. validus; Bombacacipites sp.; cf.
Cranwellia sp.; Complexiopollis sp.; Liliacidites sp.; Parviprojectus sp. cf.
P. dolium; Pentapollenites miser Takahashi 1982; Retitricolpites crassus
Samoilovitch 1965; Vitreisporites pallides (Reissinger) Nilsson 1958;
dinoflagellate (one species); see report for more flora.
REMARKS: Preservation and recovery good. Age based on the presence of
Aquilapollenites trialatus and Pentapollenites miser. See both reports for
discussion of age.
AGE: Early to early Late Campanian

C-112039 R 83 57F 104 H/14 497710  6414680
A.R. Sweet 1-ARS-1984
Aquilapollenites proprius Takahashi & Shimono 1982 (common); A.
pulcher Funkhouser 1961 (scarce); Erdtmanipollis sp.; Mancicorpus sp. cf.
M. gibbus Srivastava 1969; Proteacidites sp.; Ghoshispora sp.;
Heliosporites sp.; Liburnisporis adnacus Srivastava 1972; tricolpate pollen.
REMARKS: Preservation poor, recovery poor to average. Age based on the
combined presence of the listed species. The general character of the assem-
blages suggests an Early rather than Late Maastrichtianage.
AGE: Early Maastrichtian

C-175718 EPG 89 17 104 H/15 515455  6414555
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Laevigatosporites ovatus (R); Alisporites spp. (R);
Podocarpidites spp. (R); undescribed bisaccate species B1 (R); undescribed
bisaccate species B2 (R); undifferentiated bisaccate grains (P).
REMARKS: Maturation level = Low (2). No evidence of marine influence
was found in the sample.
AGE: Jurassic to Cretaceous

C-116285 GAD 83 108b P2630-35 104 H/10 515470  6398650
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites aptus; A. pulcher; A. reductus; Callistopollenites sp.;
Cranwellia sp.; Erdtmanipollis sp.; Pulcheripollenites sp.; Librunisporis sp.;
Heliosporites sp.; Taurcosporites sp.
REMARKS: Recovery sparse, preservation good; 2335 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Late Campanian

C-116284 GAD 83 108a  P2630-34 104 H/10 515540  6398400
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Cicatricosisporites sp.
REMARKS: Recovery very sparse; 2250 m above 101. Specimen called
Pterocarya in original report (3-ARS-1984) was probably misidentified.
Precise age indeterminate.
AGE: indeterminate

C-137578 SLA 85 25 24 104 H/10 515560  6398900
A.R. Sweet 5-ARS-2000
Samples in measured section yielded suite of Aquilapollenites, including
Aquilapollenites parallelus, A. trialatus, and allied taxa.
REMARKS: Cold Fish Lake, north cirque, west side. Brother’s Peak Fm,
top of about 865 m of section. Numbers C- 137555–C-137578 (accompan-
ied by J. Basinger).
AGE: Late Campanian

C-116283 GAD 83 108  P2630-33 104 H/10 515680  6397550
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites pulcher; Cranwellia sp.; Erdtmanipollis sp.; Liliacidites
sp.; Ephedripites sp.; Azolla cretacea; Gabonisporites sp.; Heliosporites sp.
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C-no. Field no. NTS Easting Northing Report

160519 SLA 87 2 1 104 H/10 516550 6392500 5-ARS-2000
160521 SLA 87 2 3 104 H/10 516600 6392500 5-ARS-2000
116257 GAD 83 98 P2630-7 104 H/10 516820 6393100 3-ARS-1984
116263 GAD 83 99b P2630-13 104 H/10 517400 6395040 3-ARS-1984
193928 SLA 90 11 14 104 H/8 552650 6358100 08-ARS-1998
116484 EP 88 286.3 104 H/9 554960 6387329 AS-89-02
116483 EP 88 286.2 104 H/9 554972 6387329 AS-89-02

C-no. Field no. NTS Easting Northing Report

177844 EP 90 279 104 H/14 479140 6403760
193988 SLA 90 13 104 H/14 495400 6405080
193990 SLA 90 13 104 H/14 495400 6405080
177841 EP 90 274 104 H/11 496221 6396906
116253 GAD 83 97 P2630-3 104 H/10 516540 6392500 3-ARS-1984
116254 GAD 83 97a P2630-4 104 H/10 516550 6392630 3-ARS-1984
116264 GAD 83 101 P2630-14 104 H/10 517180 6394660 3-ARS-1984
116266 GAD 83 102 P2630-16 104 H/10 517190 6394670 3-ARS-1984
116261 GAD 83 99 P2630-11 104 H/10 517240 6393830 3-ARS-1984
116267 GAD 83 102a P2630-17 104 H/10 517240 6394680 3-ARS-1984
116854 GAE 86 224 104 H/8 540357 6369202 J5-1988-HWT
88109 GAE 87 479 104 H/8 541986 6361325
88108 GAE 87 473.2 104 H/8 547176 6359792



REMARKS: Recovery sparse, preservation good; 2025 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Late Campanian

C-175717 EPG 89 14 104 H/15 515800  6413670
R.P.W. Stancliffe STANCLIFFE
Deltoidospora spp. (R); Retitriletes reticulumsporites (R); Alisporites spp.
(P); undescribed bisaccate species B1 (R); undifferentiated bisaccate grains
(P).
REMARKS: Maturation level = Low to moderate(2-3). The low number of
recovered palynomorphs precludes the definite assignment of a nonmarine
environment of deposition.
AGE: Bathonian to Albian

C-116282 GAD 83 107c  P2630-32 104 H/10 515900  6397250
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites attenatus; A. augustus; A. pulcher; A. quadrilobus;
Cranwellia sp.; Cupanieidites sp.; Erdtmanipollis sp.; Expressipollis sp.;
Gunnaripollis superbus; Liliacidites textus; Liliacidites sp.; Lymingtonia
sp.; Nyssa annulatus; Orbiculapollis sp.; Pulcherispollenites sp.;
Ulmipollenites sp.; Ephedripites sp.; Eucommiidites sp.; Azolla cretacea
Stanley 1965; Ghoshispora spp.; Librunisporites sp.
REMARKS: Recovery and preservation excellent; 1810 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Late Campanian

C-116281 GAD 83 107b  P2630-31104 H/10 516090  6396950
A.R. Sweet 3-ARS-1984
REMARKS: Recovery very sparse, no age diagnostic palynomorphs recov-
ered; 1685 m  above 101.
AGE: indeterminate

C-116280 GAD 83 107a  P2630-30 104 H/10 516250  6396800
A.R. Sweet 5-ARS-2000 (3-ARS-1984)
Aquilapollenites augustus; A. pulcher; A. quadrilobus; A. vinosus; cf.
Aquilapollenites sp. A.; Beaupreaidites sp.; Callistopollenites sp.; Complexiopollis?
sp.; Cranwellia sp.; cf. Cranwellia sp.; Cupaniidites sp.; Erdtmanipollis sp.;
Expressipollis sp.; ?Fibulapollis sp.; Gunnera sp.; Liliacidites textus Norris 1967;
Orbiculapollis sp.; Pachydermispollenites miyajiensis Takahashi 1982;
Proteacidites magnus Samoilovitch 1965; see report for more flora.
REMARKS: Recovery and preservation excellent; 1569 m above 101. Old
report has identifications, new report has revisions to age and detailed notes
of age of section.
AGE: Late Campanian

C-137555 SLA 85 25 1 104 H/10 516450  6396830
A.R. Sweet 5-ARS-2000
Samples in measured section yielded suite of Aquilapollenites, including
Aquilapollenites parallelus, A. trialatus, and allied taxa.
REMARKS: Cold Fish Lake, north cirque, west side. Brothers Peak Fm,
base of about 865 m of section, starts about 500 m above base of unit; num-
bers C-137555–C-137578  (accompanied by J. Basinger).
AGE: Late Campanian

C-116278 GAD 83 106b  P2630-28104 H/10 516520  6396700
A.R. Sweet 3-ARS-1984
Eucommiidites sp.
REMARKS: Except for one specimen of Eucommiidites sample effectively
barren of palynomorphs; 1236 m  above 101.
AGE: indeterminate

C-137478 SLA 85 22 1 104 H/10 518600  6395350
A.R. Sweet 5-ARS-2000
Triprojectate and allied taxa in sampled section.
REMARKS: Cold Fish Lake, north cirque, east side. Brothers Peak Fm,
numbers C-137478–C-137530. Near base; (1985 Field Trip accompanied
by J. Basinger). See report for discussion of age.
AGE: Late Campanian

C-137530 SLA 85 22 53 104 H/10 519000  6397000
A.R. Sweet 5-ARS-2000
Triprojectate and allied taxa in sampled section.
REMARKS: Cold Fish Lake, north cirque, east side. Brothers Peak Fm,
numbers C-137478–C-137530. Location ± 500 m. Field Trip accompanied
by J. Basinger). See report for discussion of age.
AGE: Late Campanian

Brothers Peak Formation samples barren of palynomorphs

Brothers Peak Formation sample not processed for
palynomorphs

Clasts from conglomerate

Clasts in Stuhini Group

C-86310 MV 79 162 104 H/13 448700  6406400
M.J. Orchard OF-1993-28
Neostreptognathodus sp. aff. N. sulcoplicatus Youngquist, Hawley & Miller
1951 (3); ramiform elements.
REMARKS: Permian clasts; blades are missing in these specimens. They
bear some resemblance to both N. pequopensis Behnken and to
N. sulcoplicatus. One specimen photographed.
AGE: Late Artinskian

C-86311 MV 79 162 104 H/13 448700  6406400
M.J. Orchard OF-1993-28
Hindeodus sp. indet.; ramiform elements.
REMARKS:  Permian clasts; Same sample station as C-86310.
AGE: Carboniferous to Permian

C-102910 R83 40F 104 H/13 449650  6405850
M.J. Orchard OF-1993-29
Ellisonia sp. (1); Hindeodus? sp. (1); ramiform elements (3).
REMARKS:  Read 1984, GSC Open File map 1080, F150.
AGE: probably Permian

C-88157 GAT 87 213.7 104 H/7 529200  6370200
M.J. Orchard OF-1992-8
Ichthyoliths, microgastropods.
REMARKS:  limestone clast in olistolith.
AGE: Phanerozoic

C-88156 GAT 87 213.6 104 H/7 529200  6370200
M.J. Orchard OF-1992-8
Ichthyoliths.
REMARKS:  limestone clast in olistolith.
AGE: Phanerozoic

C-88158 GAT 87 213.8 104 H/7 529200  6370200
Orchard, Tipper OF-1992-8 (J3-88-HWT)
Fragments of bivalves in limestone clast; also ichthyoliths, foraminifers.
REMARKS:  limestone clast in olistolith
AGE: Phanerozoic

Clasts in Triassic/Jurassic conglomerate

C-88168 GAT 87 229.7 104 H/7 528968  6372937
M.J. Orchard OF-1992-8 (J3-88-HWT)
Ellisonia sp. (1); Neogondolella sp. (1); ostracodes, bryozoans, crinoid frag-
ments.
REMARKS:  limestone clast, similar to Triassic limestone units.
AGE: Permian, possibly Early Permian

C-116434 GAT 87 78.4 104 H/14 482485  6403178
M.J. Orchard OF-1992-8
Neostreptognathodus ex gr. sulcoplicatus (Youngquist, Hawley, & Miller
1951) (13); ramiform elements (4).
REMARKS:  carbonate clast.
AGE: Late Artinskian
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C-no. Field no. NTS Easting Northing Report

116277 GAD 83 106a P2630-27 104 H/10 516880 6396270 3-ARS-198
116286 GAD 83 108c P2630-36 104 H/10 515570 6398870 3-ARS-198

C-no. Field no. NTS Easting Northing Report

116279 GAD 83 107 P2630-29 104 H/10 516400 6396750 3-ARS-1984



C-116438 GAT 87 85.3 104 H/14 484386  6403541
M.J. Orchard OF-1992-8
Epigondolella bidentata Mosher 1968 (3); Epigondolella mosheri Kozur &
Mostler 1971 (2).
REMARKS:  probable chert clasts in limestone.
AGE: Late Norian to Rhaetian

C-88164 GAT 87 218.11 104 H/8 532987  6370030
M.J. Orchard OF-1992-8
Metapolygnathus ex gr. nodosus (Hayashi 1968) (57); ramiform elements
(5).
REMARKS:  limestone clast.
AGE: Late Carnian

C-88161 GAT 87 218.6 104 H/8 532987  6370030
M.J. Orchard OF-1992-8
Sweetognathus sp. cf. S. inornatus Ritter 1976; ramiform elements (1).
REMARKS:  limestone clast; elements are transitional to S. whitei
AGE: Sakmarian to Early Artinskian

C-88163 GAT 87 218.10 104 H/8 532987  6370030
H.W. Tipper J3-88-HWT
Halobia sp.
REMARKS:  limestone clast.
AGE: Early Norian or Late Carnian

C-88162 GAT 87 218.8 104 H/8 532987  6370030
M.J. Orchard OF-1992-8
Neogondolella sp. cf. N. idahoensis (Youngquist, Hawley & Miller 1951)
(3); ramiform elements (3).
REMARKS:  limestone clast.
AGE: Artinskian to Kungurian

C-88160 GAT 87 218.5 104 H/8 533000  6369800
M.J. Orchard OF-1992-8 (J3-88-HWT)
Ramiform elements (8); Hindeodus sp. (6); Neogondolella sp. cf. N. besselli
(Clark and Behnken 1971) (1); Sweetognathus sp. cf. S. inornatus Ritter
1976 (2); Crinoid fragments.
REMARKS:  carbonate clast.
AGE: Sakmarian to Early Artinskian

C-116437 GAT 87 85.2 104 H/14 484386  6403541
M.J. Orchard OF-1992-8
Ichthyolith.
REMARKS:  cherty clast in limestone.
AGE: Phanerozoic

C-88167 GAT 87 229.4 104 H/7 528968  6372937
H.W. Tipper J3-88-HWT
Gastropod?; bivalves?
REMARKS:  limestone clast.
AGE: unknown

Clasts in Hazelton Group

C-116445 GAT 87 101.2 104 H/11 488960  6395113
H.W. Tipper J3-88-HWT
From float; high-spired gastropods; crinoids; bivalve fragments; coral frag-
ments.
REMARKS:  from float; erratic.
AGE: probably Triassic

C-116442 GAT 87 92.3 104 H/11 491397  6398350
M.J. Orchard OF-1992-8
Ichthyolith.
REMARKS:  chert clast in limestone.
AGE: Phanerozoic

Clasts in ‘pyjama beds’ of Spatsizi Formation,
Hazelton Group

C-116900 GAE 87 433 104 H/11 493114  6373811
F. Cordey MISC 1-1989-FC
Pebble 2: ?Praeconocaryomma sp. (possibly Jurassic or Cretaceous).
REMARKS:  4 chert pebbles processed; 2 productive.
AGE: possibly Jurassic or Cretaceous

C-116900 GAE 87 433 104 H/11 493114  6373811
F. Cordey MISC 1-1989-FC
Pebble 1: Capnodoce sp.; Corum sp. cf. regium Blome; ?Ferresium sp.;
Pseudostylosphaera sp.; Triassocampe sp.
REMARKS:  4 chert pebbles processed; 2 productive.
AGE: Late Carnian to Middle Norian

C-116897 GAE 87 430 104 H/11 494999  6373200
F. Cordey MISC 1-1989-FC
Pseudostylosphaera sp.; Triassocampe sp.; deformed nassellarians.
REMARKS:  several chert granules processed.
AGE: Middle to Late Triassic

Clasts in Bowser Lake Group

C-103581 GAC 83 101e 104 H/11 497800  6391700
E.S. Carter Currie, 1984
Canoptum cf. macoyense Blome; Kahlerosphaera? sp.; Pseudostylosphaera
compactum Nakaseko & Nishimura; Yeharia cf. transitus Kozur;
spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter) revised (by Carter) in report to
CAE April 10, 2001. Mixed assemblages because pebbles not processed sep-
arately.
AGE: Middle to Late Triassic

C-103582 GAC 83 103b 104 H/11 497800  6391600
E.S. Carter Currie, 1984
Multimonilis? sp.; spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: probably Late Carnian to Early Norian

C-103583 GAC 83 105c 104 H/11 494400  6392350
E.S. Carter Currie, 1984
Canoptum cf. macoyense Blome; Capnodoce antigua Blome;
Capnuchosphaera deweveri Kozur & Mostler; Kahlerosphaera? sp.; Sarla?
sp.; Pseudostylosphaera compactum Nakaseko & Nishimura; Yeharia cf.
transitus Kozur; spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001. Mixed assemblages because pebbles not processed sep-
arately.
AGE: Middle to Late Triassic

C-103584 GAC 83 106d 104 H/11 494400  6392550
E.S. Carter Currie, 1984
Spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Middle or Late Triassic

C-103586 GAC 83 108d 104 H/11 481000  6392500
E.S. Carter Currie, 1984
Spumellarian indet.; Canoptum cf. macoyense Blome; Multimonilis? sp.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Late Carnian to Early Norian

C-103585 GAC 83 107b 104 H/11 480500  6393000
E.S. Carter Currie, 1984
Spumellarian indet.; Canoptum cf. macoyense Blome; Capnodoce antigua
Blome.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Carnian to late Middle Norian

C-103587 GAC 83 109a 104 H/11 476000  6392000
E.S. Carter Currie, 1984
Canoptum cf. macoyense Blome; Pseudostylosphaera compactum
Nakaseko & Nishimura; spumellarian indet.; Saturnalidae indet.
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REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001. Mixed assemblages because pebbles not processed sep-
arately.
AGE: Middle to Late Triassic

C-103588 GAC 83 110b 104 H/11 476000  6391800
E.S. Carter Currie, 1984
Canoptum cf. macoyense Blome; Capnodoce antigua Blome; Multimonilis?
sp.; spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Late Carnian to late Middle Norian

C-103589 GAC 83 111a 104 H/11 471600  6400100
E.S. Carter      Currie, 1984
Canoptum cf. macoyense Blome; spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Late Carnian or Early Norian

C-103590 GAC 83 112g 104 H/11 471600  6400000
E.S. Carter      Currie, 1984
Canoptum cf. macoyense Blome; Kahlerosphaera sp.; Pseudostylosphaera
compactum Nakaseko & Nishimura; Sarla? sp.; spumellarian indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001. Mixed assemblages because pebbles not processed
separately.
AGE: Middle to Late Triassic

C-103591 GAC 83 114a 104 H/11 475150  6398000
E.S. Carter Currie, 1984
Canoptum cf. macoyense Blome; Capnodoce antigua Blome; spumellarian
indet.
REMARKS: Location ± 1 km. See Currie (1984) for photos of forms. Origi-
nal identifications and age (by E.S. Carter ) revised (by Carter) in report to
CAE April 10, 2001.
AGE: Late Carnian to late Middle Norian

Clasts not processed for microfossils, Bowser Lake Group Clasts from Bowser Lake Group north of the study area

The following samples are chert clasts from the outlier of
Bowser Lake Group north of the study area, in southeast Cry
Lake map area (NTS 104-I). They are included here because
they are pertinent to interpretation of the history of the Bowser
Basin. In particular, they include ages younger than those
reported for chert clasts within the study area (Currie, 1984;
idenifications by E.S. Carter). Idenfications are given in a
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Collection Field no. NTS Easting Northing Report Comments

Clasts from Triassic/Jurassic conglomerate
C-116439 GAT 87 85.5 104 H/14 484386 6403541 MISC 1-1989-FC Chert clast in limestone; unproductive.
C-88166 GAT 87 218.13 104 H/8 532987 6370030 M.J. Orchard Chert clast, barren.
C-88165 GAT 87 218.12 104 H/8 532987 6370030 MISC 1-1989-FC Chert clast; no ident. radiolarians.
Clasts from Hazelton Group
C-116446 GAT 87 109.2 104 H/11 489659 6397700 MISC 1-1989-FC Chert clast in limestone; unproductive.
C-116443 GAT 87 92.4 104 H/11 491397 6398350 MISC 1-1989-FC Chert clast in limestone; unproductive.
C-116450 GAT 87 126.4 104 H/11 496540 6396900 MISC 1-1989-FC Chert clast in limestone; unproductive.
Clasts from “pyjama beds” in Hazelton Group
C-116898 GAE 87 430.3 104 H/11 495120 6373234 MISC 1-1989-FC 3 chert pebbles processed; no identifiable

radiolarian.
C-88102 GAE 87 434 104 H/11 493679 6373289 MISC 1-1989-FC 2 pebbles and several granules: no

identifiable radiolarians.
C-88169 GAT 87 229.6 104 H/7 528968 6372937 MISC 1-1989-FC 3 chert pebbles processed; no identifiable

radiolarians.
C-101249 GAE 85 55.3 104 H/9 530570 6373880 Chert clast.

Clasts barren of microfossils

Collection Field no. NTS Easting Northing

C-175686 EP 89 266 104 H/4 450814 6324869

Clasts in undetermined unit

C-102912 R83 46F 104 H/14 480400  6404440
M.J. Orchard OF-1993-29
Ichthyoliths; shell fragments.
REMARKS: Read 1990, GSC Open File 2241, F158, notebook 19, p. 135.
Pink light-grey limestone clasts up to 0.5 m in diameter in a plagioclase por-
phyry volcanic breccia.
AGE: Phanerozoic

C-102928 R 83 54F 104 H/14 481490  6405340
M.J. Orchard OF-1993-29
Ichthyoliths.
REMARKS: Information found in Psutka notebook 5, p. 16. F154 on GSC
OF 2241; medium grey limestone block within massive, dark-green, sparse
plagioclase porphyry flows.
AGE: Phanerozoic

C-116433 GAT 87 75.3 104 H/14 481663  6404264
M.J. Orchard OF-1992-8
Neostreptognathus sp. indet. (2).
REMARKS:  carbonate clast.
AGE: Late Artinskian

C-102913 R83 49F 104 H/14 482220  6402820
M.J. Orchard OF-1993-29
Ellisonia sp. (1); Hindeodus sp. (1); Neogondolella sp. (5);
Neostreptognathus pequopensis Behnken 1975 (6); ramiform elements (15).
REMARKS: Read 1990, GSC Open File 2241, F161, notebook 19, p. 140.
Limestone block or lens, 6 m by 15 m by 30 m in a limestone breccia.
AGE: Artinskian

C-177801 EP 90 2 104 H/12 440707  6395127
M.J. Orchard OF-1993-24
Ichthyoliths.
AGE: Phanerozoic



report by F. Cordey, March 1990. No GSC locality numbers
or locations are included in the report. Samples were col-
lected by F. Cordey, C. Evenchick, and H. Gabrielse.

89FC-MB2-1 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Capnuchosphaera sp.; Canoptum sp.; Triassocampe sp.
REMARKS: Lithology grey chert pebble; radiolarian preservation moderate.
AGE: Late Carnian to Middle Norian

89FC-MB2-2 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Canoptum farawayense Blome.
REMARKS: Lithology grey chert pebble; radiolarian preservation moder-
ate.
AGE: Late Carnian to Middle Norian

89FC-MB2-3 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Internal print of Triassocampe sp.
REMARKS: Lithology brown chert pebble.
AGE: ?Middle or Late Triassic

89FC-MB2-4 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Capnodoce sp.; Capnuchosphaera sp.
REMARKS: Lithology dark green chert pebble; radiolarian preservation
good.
AGE: Late Carnian to Middle Norian

89FC-MB2-5 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Praeconocaryomma sp.; Parahsuum sp.
REMARKS: Lithology grey bedded chert (3 cm thick piece of bed; bed sur-
faces argillaceous); radiolarian preservation good.
AGE: Pliensbachian to Bajocian

89FC-MB2-6 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Undescribed spumellarians.
REMARKS: Lithology grey chert; radiolarian preservation good.
AGE: indeterminate

89FC-MB2-7 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Capnuchosphaera sp.; Canoptum sp.; Triassocampe sp.
REMARKS: Lithology grey chert with laminations; radiolarian preservation
good.
AGE: Late Carnian to Middle Norian

89FC-MB2-8 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Undescribed spumellarians.
REMARKS: Lithology grey chert; radiolarian preservation good.
AGE: indeterminate

89FC-MB2-9 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Undescribed spumellarians.
REMARKS: Lithology grey chert; radiolarian preservation moderate.
AGE: indeterminate

89FC-MB2-10 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
REMARKS: Lithology black chert. Unproductive sample.
AGE: indeterminate

89FC-MB2-11 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
Eptingium manfredi Dumitrica; Oertlispongus sp.; Pseudostylosphaera
compacta Nakaseko and Nishimura; Pseudostylosphaera spinulosa
Nakaseko and Nishimura; Triassocampe sp.
REMARKS: Lithology white-grey chert; radiolarian preservation moderate.
AGE: Ladinian

89FC-MB2-12 104-I/1 Mt. Blair
F. Cordey F. Cordey, 1990
REMARKS: Lithology red chert; radiolarian preservation good.
AGE: indeterminate

Discussion:

Late Triassic ages for pebbles is consistent with previous
study (Currie, 1984). Middle Tirassic and Early Jurassic peb-
bles are found for the first time. Triassic cherts are known in
the Cache Creek in northern British Columbia, unlike
Jurassic cherts.

Additional comments from F. Cordey (pers. comm., 2001):

1. a more precise age determination for MB2-5, resulting
from zonation updates, is Pliensbachian to Bajocian
(changed from Early or Middle Jurassic in the original
report).

2. since the original report was written, Early Jurassic cherts
have been found in northern Cache Creek Terrane (see
Cordey, Gordey and Orchard, 1991).

LENGTHY COMMENTS FROM FOSSIL
REPORTS
Following are lengthy comments, written by the paleontolo-
gist, on the stratigraphic distribution and age of a number of
species listed in reports. They are comments which are too
long to have been included in full in the above listing of col-
lections. Only comments regarding the Bowser Lake and
Sustut groups are given. Most are from reports of marine
macrofossils by T.P. Poulton; one is from a report of palyno-
morphs by A.R. Sweet.

The report number is given in bold type. Text immediate-
ly following the report number, and indented, is text copied
from the report which describes the report. Following that,
and not indented is a description (by CAE) of what particular
fossils the comment relates to, and where they are from.
Lastly, the text indented from both sides of the page is the
entire comment reproduced from the original report.

Species discussed Report number

Vaugonia doroschini J3-1998-TPP,
J1-1992-TPP,
J12-1989-TPP

Adabofoloceras J3-1998-TPP
Aulacostephanus J2-1994-TPP
Arctotis(?) sp. aff.
anabarensis Petrova J1-1991-TPP
Buchias J6-1990-TPP
Pseudovola(?) J6-1990-TPP
Eurycephalites J13-1989-TPP
Xenocephalites J13-1989-TPP
Palynomorphs 08-ARS-1998

J3-1998-TPP Report on eight collections of Jurassic fossils
collected by T. Poulton in 1983 and
H. Gabrielse in 1981 in the Bowser Lake
Group, northern British Columbia, and
re-examined at the request of C. Evenchick in
June, 1998 (NTS 104 H/11 & 12).
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This report includes three collections with Adabofoloceras
(C-127481, 127484, 127487), all in the vicinity of Tsatia
Mountain (104 H/12). All were assigned an age of Middle
Jurassic to early Oxfordian. Several other occurrences of
Adabofoloceras are noted in other reports. The report con-
tains a lengthy discussion of the bivalve Vaugonia
doroschini, an update of discussion in Report J1-1992-TPP,
as well as a discussion of the ammonite Adabofoloceras. The
following remark is reproduced from the report.

Comments on the stratigraphic distribution of the
trigoniid bivalve Vaugonia doroschini: The trigoniid
bivalve Vaugonia doroschini (Eichwald) has been
reported widely from northern British Columbia since
the early 1970s. It was originally reported from southern
Alaska, and unpublished discussions with R. Imlay and
J.H. Callomon regarding the age of the beds, lead to a
Middle or Late Bathonian age. In Smithers area, this
species is common, occurring at one locality (Trout
Creek) in beds that have yielded the Early Oxfordian
ammonite Cardioceras, but more commonly occurring
without diagnostic ammonites but in beds that could be
equivalent to or immediately above Early Oxfordian
beds “Trout Creek assemblage”. In northern Bowser
Basin, the species occurs most commonly in beds that
appear to overlie those with Cardioceras, but there may
be some occurrences below that. The (probably) Mid-
dle Oxfordian ammonite Cardioceras sp. aff.
canadense (Whiteaves) occurs with V. doroschini at
one locality. There seem to be no occurrences in beds
that contain abundant Buchia, which is taken to indi-
cate a Late Oxfordian or younger age, so that a Middle
Oxfordian younger age limit is indicated for V.
doroschini throughout British Columbia. The most
common older limit in northern British Columbia is
Early Oxfordian. In other parts of the province, eg.
Queen Charlotte Islands, V. doroschini occurs in beds
as old as Early Callovian, and probably also in the Late
Bathonian.

The ammonite Adabofoloceras (new name for Middle
Jurassic and younger forms previously referred to
Partschiceras), occurs in Bowser Basin in beds that
also contain ammonites indicating ages from Middle
Callovian (probably) to Early Kimmeridgian. In this
basin, it appears to be most common in the Early
Oxfordian, and Middle Oxfordian is the probable youn-
ger limit for occurrences that are not associated with
Buchia which tends to dominate younger strata.

J2-1994-TPP Report on two collections of Jurassic fossils
collected by C. Evenchick in Bowser Lake
and Spatsizi map areas, B.C. in 1989 and
1991, and re-examined in 1994.

The two collections (C-175618, 178165), contain the
ammonites Aulacostephanus, Adabofoloceras, the bivalve
Buchia concentrica, and other ammonites and bivalves. The
two collections are from south of Maitland Creek (NTS 104
H/5), and northeast of Mt. Skowill (NTS 104 A) The follow-
ing text is reproduced from the report.

The diagnostic Early Kimmeridgian ammonite
Aulacostephanus was first identified in Canada in the
1992 collection from Bowser Lake area, C201703.
This report corrects previously mis-identifications
which failed to recognize the genus in Canada. These
three collections are the only record of the genus in
Canada to date.

J1-1992-TPP Report on 17 collections of Jurassic and
possibly Cretaceous fossils collected by C.
Evenchick in Toodoggone River and Bowser
Lake map areas, B.C. in 1991

Report includes four collections of the bivalve Vaugonia
doroschini (C-175418, 175419, 175434, 175436), which
were assigned a probable early or middle Oxfordian age. The
following comment is reproduced from the report.

The ages proposed for V. doroschini are supported by
the field relations established in the area between Tsatia
Mountain and Maitland Creek. Elsewhere in British
Columbia and Alaska, the species may extend as low as
the Bathonian. These occurrences will have to be
re-examined in view of the invariably Oxfordian age of
the species in northwestern Spatsizi area.

J1-1991-TPP Report on 31 collections of Jurassic and
Cretaceous fossils collected by C. Evenchick,
G. Green, and associates in Spatsizi and
Telegraph Creek map areas, B.C., in 1990.

The report includes occurrences of the bivalve Arctotis sp.
aff. anabarensis Petrova (C-177811, C-177833, C-177839;
East of Tumeka Lake, east of Spratt Creek, 10 km WSW of
Durham Ck/Iskut River). The following comment is repro-
duced from the report.

Three collections are rich in distinctive bivalves tenta-
tively identified as Arctotis(?) sp. aff. anabarensis
Petrova. A. anabarensis is a Siberian species generally
reported from the Berriasian there. A similar species
from Arctic Canada is reported from the Tithonian.
Given the uncertainties with regard to the correlation of
the Jurassic-Cretaceous boundary from place to place,
they may well indicate the same, or at least, a very short
time interval at or near the boundary. There is consider-
able doubt about the generic affinity of the Canadian
species however - they need a detailed taxonomic
study.

J6-1990-TPP Report on 32 collections of Jurassic and
(?)Cretaceous fossi ls col lected by
C.A. Evenchick in Spatsizi map area, B.C., in
1989.

The general comments in this report are concerned with five
collections of ammonites and bivalves near Alger Creek, in
southwest Spatsizi River area (NTS 104 H/4; C-175683,
175687, 175688, 175689, 175691), and two occurrences of
Pseudovola(?) in southwest Spatsizi River map area.
(C-175617, 175636; 7 km W of Maitland Creek / Klappan
River junction, 10.7 km SE of Maitland Creek / Klappan
River junction). The following comments are reproduced
from the report.
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Two of the faunas are of particular interest for their
biostratigraphic potential.

The entire group of collections from Alger Creek area,
some of which contain a mixture of ammonites and
Buchia species, needs further collecting in order to
establish more fully the fossils present and determine
their stratigraphic position. The Buchia species have
some affinities with basal Cretaceous species whereas
the ammonites in the same collection could either be
Callovian (kosmoceratid and other species) or basal
Cretaceous (berriasellids). It is possible that the
Buchias represent a recently recognized old species
which can be assigned to Praebuchia. But none of the
fossils is confidently identified at present and the deci-
sion between a Callovian and a basal Cretaceous age
cannot be made with confidence.

Pseudovola(?) identified in some of the collections are
distinctive and worthy of further study in order to ascer-
tain their biostratigraphic range.

J12-1989-TPP Report on 24 collections of Jurassic fossils
collected by C. Evenchick and H. Gabrielse
in Spatsizi map area, B.C., in 1987 and 1988.

The comment in this report concerns eight collections with
the bivalve Vaugonia doroschini. Six of the collections are
south of Mt. Umbach, in southeast Spatsizi River map area
(NTS 104 H/1); the other two are from 4 km SW of Crescent
Mtn. (NTS 104 H/8), and 16 km SE of the junction of Little
Klappan River and Tsetia Creek.

The Vaugonia doroschini fauna abundantly repre-
sented in these collections will probably serve as an
important marker horizon as it does in Smithers and
Hazelton map areas. Together with Myophorella and
Astarte spp. , this species characterizes the “Trout
Creek Assemblage” of O.L. Jeletzky and T.A. Rich-
ards, in which the Lower Oxfordian ammonite
Cardioceras has been found at Trout Creek. However,
in southern Alaska, the same species occurs abundantly
in Late Bathonian beds, and a very similar species
occurs in California in the Callovian.

J13-1989-TPP Report on 14 collections of Jurassic fossils
collected by H.W. Tipper, H. Gabrielse,
C. Evenchick, and others in Spatsizi map
area, B.C.,  in 1981 to 1987.

The report contains six collections of the fossils discussed in
the comment below (C-81619, 81621, 88201, 88203, 88211,
90506). They are located in northern Spatsizi River area, in
Bowser Lake Group strata immediately south of contacts
with older strata (i.e. at the headwaters of Griffith Creek, S of
Skady Mountain, SW of Denkladia Mountain, N of the head
of Eaglenest Creek).

In this report the generic names Eurycephalites and
Xenocephalites are used for what has previously been
called Lilloettia in British Columbia. There is some
consensus that it is Early Callovian, and very likely

Middle Callovian in age in western Canada, but may
also range into the Late Bathonian. The age assign-
ments are partly based on it associations.

08-ARS-1998 Applied research report on 23 samples from
the Sustut Group, Tango Creek Formation
and Bowser Lake Group, Bowsprit Mountain
and vicinity, (NTS 104 H/8) north-central
British Columbia as requested by Carol
Evenchick, GSC Vancouver.

This report includes samples crossing the unconformity
between Bowser Lake Group and basal Sustut Group north of
Bowsprit Mountain, east Spatsizi River map area. The first
attempt to date strata on either side of the unconformity
resulted in ages for the basal Sustut Group, but not the Bowser
Lake Group; the samples were collected by C.A. Evenchick,
and reported in Sweet’s 1989 report AS-89-02. This report,
on samples collected by A.R. Sweet, gives an age for the
Bowser Lake Group.

All samples exhibit a high degree of organic maturity in
that the palynomorphs range from brown to black in
colour and tend to fragment. However remarkedly
good recovery was obtained from sample C-193924
from the Bowser Lake Group and samples C-193929
and C-193930 from the lowest part of the Tango Creek
Formation. There is no obvious reason for the excep-
tionally better preservation and recovery from these
samples compared to that from others in the section.

The question that this section addresses is the age sep-
aration between the Bowser Lake Group and the Sustut
Group. Report AS-89-02 included 4 samples from this
locality. No clearly identifiable angiosperm pollen
were reported from the 2 stratigraphically lowest, pos-
sibly Bowser Lake Group samples, although the possi-
bility of angiosperm pollen being present was raised.
The presence of angiosperm pollen in the Bowser Lake
Group at this locality now seem unlikely given that
none were seen in the 7 Bowser Lake Group samples
examined for this report, especially as 3 of these were
relatively productive. The age of the Bowser Lake
Group at the Bowsprit locality is now concluded to be
no younger than latest Jurassic. All the reported taxa
are compatible with this age. Additionally, the lack of
cicatricose spores (other than Contignisporites) argues
against the samples being of Cretaceous age.

Two of the lowest samples from the Sustut Group
(P4391-9 and 10) are extremely prolific and spe-
cies-rich. An age of latest Albian or Cenomanian is
indicated for the assemblage, with the presence of a
morphologically complex unnamed species of
rugo-reticualte tricolpate pollen arguing for
Cenomanian age and the rest of the assemblage being
compatible with an Albian age. Lack of directly com-
parable material preclude giving a more refined age.

Assuming these age conclusions are correct, a pro-
found Early Cretaceous unconformity exists between
the Bowser Lake Group and the Sustut at this locality.
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INDEXES OF COLLECTIONS
This index is intended to provide information only for those
collections shown on Figure 52 with an age symbol; excluded
are those barren or not submitted, and those with highly ques-
tionable age determinations. The database from which the
report and index were derived used abbreviations for ease of
data management. This condensed format is also used in the
following pages.

Abbreviations

Fossil type column
amm ammonite
bel belemnite
biv bivalve
brac brachiopod
con conodont
coq coquina
cor coral
crin crinoid
fora foraminifera
gas gastropod
icth ichthyolith
macro macrofossil
micro microfossil
pal palynomorph
plan plant
rad radiolarian
scap scapolite
trac trace fossil

Age columns
e early
E Early
l late
L Late
m middle
M Middle
o or
t to
Aal Aalenian
Alb Albian
Anis Anisian
Apt Aptian
Art Artinskian
Baj Bajocian
Barr Barremian
Bat Bathonian
Ber Berriasian
Cal Callovian

Camp Campanian
Carb Carboniferous
Carn Carnian
Cen Cenomanian
Con Coniacian
J Jurassic
K Cretaceous
Kim Kimmeridgian
Kung Kungurian
Lad Ladinian
Maas Maastrichtian
Mz Mesozoic
Nor Norian
Ox Oxfordian
Perm Permian
Phan Phanerozoic
Plie Pliensbachian
Pz Paleozoic
Port Portlandian
Rha Rhaetian
Sak Sakmarian
San Santonian
Sin Sinemurian
Tit Tithonian
Toar Toarcian
Tr Triassic

Unit column
BLG Bowser Lake Group
BPF Brothers Peak Formation
CFV Cold Fish Volcanics
HG Hazelton Group
Pc/Pv Paleozoic strata
PJ Pyjama beds, an informal

marker in the SF
SF Spatsizi Formation
STU Stuhini Group
TCF Tango Creek Formation
transi units transitional between the

Stuhini and Hazelton groups,
and Hazelton and Bowser Lake
groups

*1clast*2 clast of unit *1 in unit *2,
where*1and*2are: B(Bowser
LakeGroup),H(HazeltonGroup),
P (Permian), S (Stuhini Group),
TJ (Triassic/Jurassic) con-
glomerate, c (chert), PJ
(Pyjama beds, a marker unit in
the Spatsizi Formation)
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GSC
collection NTS Easting Northing Fossil type Most probable age Probable age Unit

104 H/8 532530 6364010 amm; bel E Ox BLG
O-16220 104 H/2 518600 6327400 biv M Kim t E Port BLG
O-28921 104 H/1 542430 6342800 amm; bel Ox M Ox BLG
O-28922 104 H/10 507080 6393670 biv Plie HG
O-32790 104 H/4 459500 6335500 biv M t L J BLG
O-37211 104 H/5 457900 6346900 biv J t E K BLG
O-931 104 H/8 532150 6364580 amm; biv L Cal BLG
O-9318 104 H/8 532580 6363620 biv L Ox BLG
O-93222 104 H/8 533400 6368150 biv Cal BLG
O-93258 104 H/8 532420 6364810 amm; biv Cal BLG
O-93260 104 H/8 533920 6366770 amm; biv E o M Cal BLG
O-93354 104 H/8 534500 6367000 amm E o M Cal BLG
O-93356 104 H/8 534500 6367000 amm E o M Cal BLG
O-93357 104 H/8 533300 6368180 amm Bat BLG
O-93359 104 H/8 534500 6367000 amm M Cal BLG
O-28919 104 H/3 478000 6334500 biv M t L J BLG
O-93355 104 H/8 534500 6367000 amm BLG

C-81619 104 H/9 532446 6375128 amm; biv E o M Cal BLG
C-81620 104 H/9 531322 6374161 amm; biv Bat BLG
C-81621 104 H/8 533700 6368397 amm; bel E o M Cal BLG
C-81970 104 H/10 504967 6395103 amm; gas E Plie CFV
C-86310 104 H/13 448700 6406400 con L Art PclastS
C-86311 104 H/13 448700 6406400 con Carb t Perm PclastS
C-87248 104 H/13 463776 6401076 amm; biv; bel M o L Toar SF
C-87250 104 H/13 465950 6414290 amm E Toar SF
C-87654 104 H/13 460000 6415330 con; icth lE t eM Nor STU
C-87655 104 H/13 460000 6415330 con lE t eM Nor STU
C-87707 104 H/13 447600 6428270 icth Phan Pc/Pv
C-87708 104 H/13 450890 6426180 con L Anis t E Lad STU
C-87709 104 H/13 451150 6427560 con Phan Pc/Pv
C-88101 104 H/11 493148 6373525 amm; bel L Bat o E Cal SF
C-88103 104 H/11 494047 6373094 amm; bel J SF
C-88104 104 H/6 494370 6372497 amm BLG
C-88105 104 H/11 494820 6392655 amm J BLG
C-88106 104 H/11 496250 6388381 amm; bel L Bat BLG
C-88107 104 H/11 491064 6376330 amm SF
C-88111 104 H/11 488900 6384720 amm; plan Cal BLG
C-88112 104 H/8 538737 6355971 amm; biv J o K BLG
C-88115 104 H/8 537314 6354239 biv; bel Ox BLG
C-88116 104 H/8 536861 6354156 biv M J o E Ox BLG
C-88117 104 H/8 534913 6354342 biv; bel E Ox BLG
C-88118 104 H/8 534000 6358200 biv J BLG
C-88120 104 H/1 537144 6344900 amm; biv M J BLG
C-88131 104 H/11 471682 6391812 amm; biv L Bat o E Cal BLG
C-88132 104 H/11 478535 6378393 amm; bel BLG
C-88133 104 H/11 478884 6377150 amm BLG
C-88136 104 H/11 479006 6376665 amm L Bat o Cal BLG
C-88144 104 H/11 484994 6385188 coq J BLG
C-88147 104 H/16 545280 6403190 pal Mz TCF
C-88149 104 H/6 489984 6363584 biv E o M Ox BLG
C-88151 104 H/11 496540 6396900 biv E J CFV
C-88152 104 H/10 500870 6396400 amm L Plie CFV
C-88153 104 H/10 514205 6381054 biv SF
C-88154 104 H/10 509389 6380267 biv; cor E J Plie SF
C-88155 104 H/10 509389 6380267 plan CFV
C-88156 104 H/7 529200 6370200 con Phan clastS
C-88157 104 H/7 529200 6370200 con Phan clastS
C-88158 104 H/7 529200 6370200 biv Phan clastS
C-88159 104 H/7 529200 6370200 biv; con Phan STU
C-88160 104 H/8 533000 6369800 con; crin Sak t E Art SclastTJ
C-88161 104 H/8 532987 6370030 con Sak t E Art SclastTJ

Index 1: ordered by collection number
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GSC
collection NTS Easting Northing Fossil type Most probable age Probable age Unit

C-88162 104 H/8 532987 6370030 con Art t Kung SclastTJ
C-88163 104 H/8 532987 6370030 biv E Nor o L Carn SclastTJ
C-88164 104 H/8 532987 6370030 con L Carn SclastTJ
C-88168 104 H/7 528968 6372937 con; crin Perm PclastTJ
C-288172 104 H/6 490704 6363304 biv; bel mL J o lL J BLG
C-88174 104 H/6 490834 6363136 biv M o L J BLG
C-88175 104 H/11 499167 6383603 bel M Toar t K SF
C-88177 104 H/1 542961 6337618 biv E o M Ox BLG
C-88178 104 H/1 542987 6337356 biv E o M Ox BLG
C-88180 104 H/1 542730 6341450 biv E o M Ox BLG
C-88181 104 H/1 543083 6339277 biv E o M Ox BLG
C-88182 104 H/1 542754 6338920 biv E o M Ox BLG
C-88184 104 H/1 542814 6338326 biv E o M Ox BLG
C-88185 104 H/7 523369 6351755 amm; biv J o K BLG
C-88186 104 H/7 523428 6351673 biv BLG
C-88187 104 H/7 523464 6351571 amm J o K BLG
C-88193 104 H/1 559570 6345400 rad J t K J SF
C-88194 104 H/1 559535 6345312 rad Bat t M Cal SF
C-88198 104 H/1 558640 6338586 biv; bel M Toar t E Ox BLG
C-88199 104 H/1 558611 6338155 amm; biv; bel E Ox BLG
C-88200 104 H/1 558754 6337973 amm; biv lE Ox BLG
C-88201 104 H/7 519689 6367068 amm L Bat t M Cal BLG
C-88202 104 H/7 519587 6367562 amm M Cal BLG
C-88203 104 H/7 519700 6368500 amm E o M Cal BLG
C-88205 104 H/7 510600 6355050 biv J BLG
C-88211 104 H/11 493100 6392210 amm; biv;

bel; brac; trac
E o M Cal BLG

C-88216 104 H/10 505820 6379790 amm Toar o Aal SF
C-88219 104 H/10 505800 6379900 bel M t L Toar SF
C-90506 104 H/8 533900 6366800 amm; biv; bel E o M Cal BLG
C-90528 104 H/12 451100 6393250 macro Bat BLG
C-90529 104 H/12 450950 6393250 macro Bat BLG
C-90651 104 H/11 472100 6397650 amm; biv Toar t M J BLG
C-90652 104 H/11 474050 6393250 biv; bel L Ox t Kim BLG
C-90653 104 H/11 475200 6394830 plan BLG
C-90654 104 H/11 472770 6398700 biv; bel BLG
C-90656 104 H/11 478050 6393950 amm BLG
C-90658 104 H/11 478875 6394540 biv; trac BLG
C-90659 104 H/7 507460 6371040 amm; biv E Plie SF
C-90660 104 H/7 507840 6371210 amm SF
C-90661 104 H/7 507980 6371400 amm Toar SF
C-90662 104 H/7 508010 6371630 biv M Toar t E Ox SF
C-90663 104 H/7 508250 6371240 macro J o K SF
C-90664 104 H/7 503980 6370625 amm; biv E Plie SF
C-90665 104 H/10 507950 6376420 amm L Bat BLG
C-90666 104 H/10 508230 6376580 amm; bel SF
C-90667 104 H/10 508330 6376770 biv; brac; cor E Plie SF
C-90668 104 H/10 503810 6380290 org E J SF
C-90669 104 H/10 504680 6381620 amm E o M Toar SF
C-90670 104 H/10 504370 6381360 amm; bel E Toar SF
C-90671 104 H/10 504400 6381400 amm M Toar SF
C-90672 104 H/10 504400 6381400 amm; bel E J SF
C-90673 104 H/10 504700 6381490 amm; bel E J SF
C-90674 104 H/10 504700 6381490 amm M o L Toar SF
C-90675 104 H/10 504310 6381480 amm; bel E Toar SF
C-90677 104 H/10 503920 6380440 amm E o M J SF
C-90678 104 H/10 504020 6380510 bel Aal SF
C-90680 104 H/7 503980 6370620 amm; biv E Plie SF
C-90681 104 H/7 503980 6370610 biv Plie SF
C-90682 104 H/7 503980 6370600 amm; biv E Plie SF
C-90683 104 H/7 503980 6370590 amm; biv L Plie SF
C-90684 104 H/7 503975 6370580 amm L Plie SF
C-90685 104 H/7 503970 6370570 macro E J SF
C-90686 104 H/7 503970 6370560 macro E J SF
C-90687 104 H/7 503970 6370550 biv E Plie SF
C-90688 104 H/7 503965 6370540 macro E J SF

Index 1 (cont.)
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C-90698 104 H/13 466090 6414175 amm; biv;
brac

Toar M Toar HG

C-90705 104 H/12 452530 6394730 macro M J BLG
C-90706 104 H/12 453950 6394950 macro M J BLG
C-90707 104 H/12 452820 6394900 macro M J BLG
C-90708 104 H/12 453270 6395170 macro M J BLG
C-90709 104 H/7 508000 6372080 macro M J BLG
C-90710 104 H/10 502300 6378650 macro M J BLG
C-90711 104 H/10 503330 6379400 macro M J BLG
C-90712 104 H/10 500960 6378520 macro Toar SF
C-90713 104 H/10 500800 6378570 macro M J SF
C-90714 104 H/10 500540 6378560 macro Plie t Toar SF
C-90715 104 H/10 500200 6378320 amm; bel Aal SF
C-90716 104 H/10 500070 6377930 bel J o K Toar t E Apt SF
C-90717 104 H/11 505520 6379450 macro E J SF
C-90718 104 H/10 505520 6379450 macro M J SF
C-90719 104 H/10 505870 6379960 amm; biv Aal SF
C-90720 104 H/10 505800 6379840 macro E J SF
C-90722 104 H/10 505930 6380510 macro E J SF
C-90723 104 H/10 505880 6381150 bel L Pz t Mz SF
C-90725 104 H/11 489100 6381800 macro Cal BLG
C-90728 104 H/12 442050 6385690 macro Bat BLG
C-90729 104 H/10 506900 6378900 amm; biv; bel M t L J SF
C-90730 104 H/10 506900 6378700 amm; biv M Toar SF
C-90731 104 H/10 506900 6378450 amm M o L Toar SF
C-90732 104 H/13 469200 6413600 bel Toar HG
C-90745 104 H/10 506300 6372730 amm SF
C-90746 104 H/7 506250 6372380 amm Aal SF
C-90747 104 H/7 506000 6372580 amm; biv Aal SF
C-90751 104 H/5 451920 6372280 macro E Ox BLG
C-90752 104 H/12 452500 6373360 macro E Ox BLG
C-90753 104 H/12 450370 6381700 amm; biv; bel Cal t E Ox BLG
C-90771 104 H/5 454450 6371770 macro L J BLG
C-90772 104 H/5 454600 6371720 macro L J BLG
C-90773 104 H/5 454770 6371670 macro L J BLG
C-90774 104 H/5 459200 6369850 macro Ox BLG
C-90775 104 H/5 458700 6372900 macro Ox BLG
C-90776 104 H/12 459380 6377350 amm; biv; bel lE o eM Ox BLG
C-90777 104 H/12 460120 6378280 amm; biv;

scap; bel
M Cal BLG

C-90778 104 H/12 459040 6377260 amm; biv Ox BLG
C-90780 104 H/12 458050 6376440 amm; bel E Cal o M Cal BLG
C-90781 104 H/12 457730 6375950 amm; biv E Ox BLG
C-90782 104 H/12 459600 6387120 biv; bel Cal t E Ox BLG
C-90783 104 H/12 457680 6387300 biv; gas E Cal t M Ox BLG
C-90784 104 H/12 457550 6383770 amm; biv E o M Ox BLG
C-90785 104 H/12 456530 6382980 macro L J BLG
C-90786 104 H/12 456370 6382720 macro L J BLG
C-90787 104 H/12 456220 6382550 macro L J BLG
C-90788 104 H/12 456210 6385980 amm; biv;

scap
E Cal t M Ox BLG

C-90789 104 H/12 456100 6386020 biv; gas; scap Cal t M Ox BLG
C-90790 104 H/12 456020 6386100 amm; biv; bel E Cal BLG
C-90791 104 H/12 455720 6387150 amm; biv;

bel; brac
E Cal BLG

C-90792 104 H/10 505770 6373300 macro Bat BLG
C-90828 104 H/7 506250 6371860 amm E Plie SF
C-90950 104 H/10 503070 6373350 amm E Plie SF
C-90961 104 H/10 503854 6381525 amm Aal SF
C-90963 104 H/10 503838 6381185 amm Aal SF
C-101213 104 H/10 503854 6381216 amm Aal SF
C-101224 104 H/6 487780 6366880 biv; bel J o K Toar t E Apt BLG
C-101239 104 H/10 529202 6384709 biv Plie t Bat BLG
C-101240 104 H/9 530334 6377501 amm; biv;

bel; gas; crin
E Cal BLG

C-101241 104 H/9 530456 6377367 amm; biv L Bat BLG
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C-101243 104 H/9 532500 6375330 biv M J BLG
C-101244 104 H/9 532420 6375290 amm; biv E Plie o L Sin BLG
C-101245 104 H/9 530460 6377360 amm; biv; bel L Bat o E Cal BLG
C-101246 104 H/9 531583 6374480 amm; biv;

trac
M Cal BLG

C-101247 104 H/9 531530 6374390 amm; biv;
trac

L Bat o E Cal BLG

C-101248 104 H/9 531500 6374370 amm; biv Cal BLG
C-102910 104 H/13 449650 6405850 con Perm PclastS
C-102912 104 H/14 480400 6404440 icth Phan Sclast
C-102913 104 H/14 482220 6402820 con Art Sclast
C-102928 104 H/14 481490 6405340 icth Phan Sclast
C-103052 104 H/11 490240 6396780 amm; biv;

gas; brac
E Plie CFV

C-103056 104 H/11 489770 6397600 amm; biv; gas E Plie CFV
C-103057 104 H/11 489670 6394670 macro Bat BLG
C-103058 104 H/10 506570 6373150 macro Bat BLG
C-103067 104 H/11 499168 6376854 amm L Plie SF
C-103174 104 H/13 466150 6412800 amm L Plie HG
C-103177 104 H/13 465655 6412720 amm L Plie SF
C-103182 104 H/13 465670 6412720 macro E Toar SF
C-103194 104 H/11 496300 6396690 amm; biv Aal CFV
C-103200 104 H/7 506000 6372580 amm; biv Aal SF
C-103211 104 H/10 503520 6373910 amm Aal SF
C-103221 104 H/11 498550 6375500 amm E Plie SF
C-103222 104 H/11 498610 6376050 amm E Plie SF
C-103223 104 H/10 504153 6382113 amm L Plie SF
C-103224 104 H/10 504153 6382113 amm L Plie SF
C-103226 104 H/10 504153 6382113 amm L Plie SF
C-103304 104 H/7 507200 6371600 amm E Plie SF
C-103412 104 H/10 501070 6397530 amm; biv E Plie CFV
C-103413 104 H/10 502810 6396530 amm Aal CFV
C-103414 104 H/10 502890 6396340 amm Aal CFV
C-103415 104 H/10 502920 6396140 biv; gas; brac Aal CFV
C-103416 104 H/10 502950 6395970 amm; biv Aal CFV
C-103418 104 H/10 502940 6395760 biv Aal CFV
C-103419 104 H/10 502920 6395570 biv; brac Aal CFV
C-103421 104 H/10 502660 6395520 amm; biv Aal CFV
C-103425 104 H/10 505820 6379770 amm Aal SF
C-103426 104 H/7 528000 6358530 biv L Ox BLG
C-103427 104 H/7 508250 6372050 macro Baj t Bat BLG
C-103428 104 H/13 466800 6413200 macro M Toar HG
C-103429 104 H/11 489674 6397308 amm E Plie CFV
C-103432 104 H/10 510384 6374486 amm; biv Aal SF
C-103437 104 H/10 509700 6375010 macro Bat BLG
C-103442 104 H/7 505050 6368780 macro E Cal BLG
C-103443 104 H/11 498120 6382200 macro Bat BLG
C-103444 104 H/11 498600 6383000 macro E Baj SF
C-103445 104 H/11 499170 6383420 macro L Toar SF
C-103446 104 H/11 499170 6383420 macro L Toar SF
C-103448 104 H/10 506900 6378550 bel L Toar t Baj SF
C-103581 104 H/11 497800 6391700 rad M t L Tr cclastB
C-103582 104 H/11 497800 6391700 rad L Carn t E Nor cclastB
C-103583 104 H/11 494400 6392350 rad M t L Tr cclastB
C-103584 104 H/11 494400 6392550 rad M o L Tr cclastB
C-103585 104 H/11 480500 6393000 rad Carn t lM Nor cclastB
C-103586 104 H/11 481000 6392500 rad L Carn t E Nor cclastB
C-103587 104 H/11 476000 6392000 rad M t L Tr cclastB
C-103588 104 H/11 476000 6391800 rad L Carn t lM Nor cclastB
C-103589 104 H/11 471600 6400100 rad L Carn o E Nor cclastB
C-103590 104 H/11 471600 6400000 rad M t L Tr cclastB
C-103591 104 H/11 475150 6398000 rad L Carn t lM Nor cclastB
C-107881 104 H/12 442050 6385690 macro Bat BLG
C-107886 104 H/7 506000 6372580 amm Aal SF
C-112032 104 H/14 490520 6401250 pal Barr t EoM Alb TCF
C-112033 104 H/14 490520 6401250 pal Barr t EoM Alb TCF
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C-112034 104 H/14 493300 6406200 pal M o L Alb TCF
C-112035 104 H/14 494140 6405770 pal M o L Alb TCF
C-112036 104 H/14 499320 6404620 pal Con t San TCF
C-112037 104 H/14 497700 6406700 pal E t eL Camp BPF
C-112039 104 H/14 497710 6414680 pal E Maas BPF
C-112040 104 H/14 492450 6407400 pal M o L Alb TCF
C-112041 104 H/14 491420 6409620 pal L Camp E o M Camp BPF
C-116252 104 H/10 516760 6392070 pal BLG
C-116255 104 H/10 516580 6392740 pal L Kim o yngr TCF
C-116256 104 H/10 516650 6392960 pal E K TCF
C-116258 104 H/10 517090 6393200 pal M o L Alb TCF
C-116259 104 H/10 517140 6393380 pal M o L Alb TCF
C-116260 104 H/10 517150 6393580 pal TCF
C-116262 104 H/10 517000 6394090 pal M o L Alb TCF
C-116265 104 H/10 517180 6394660 pal L Alb o yngr TCF
C-116268 104 H/10 517260 6394680 pal L Alb o yngr TCF
C-116269 104 H/10 517400 6395100 pal Con TCF
C-116270 104 H/10 517310 6395300 pal Con TCF
C-116271 104 H/10 517280 6395470 pal Con TCF
C-116272 104 H/10 517300 6395500 pal Con TCF
C-116273 104 H/10 517320 6395580 pal E t eL Camp TCF
C-116274 104 H/10 517330 6395650 pal E t eL Camp TCF
C-116275 104 H/10 517360 6395750 pal E t eL Camp TCF
C-116276 104 H/10 517380 6395800 pal E t eL Camp TCF
C-116280 104 H/10 516250 6396800 pal L Camp BPF
C-116282 104 H/10 515900 6397250 pal L Camp BPF
C-116283 104 H/10 515680 6397550 pal L Camp BPF
C-116285 104 H/10 515470 6398650 pal L Camp BPF
C-116291 104 H/14 485650 6401840 amm; biv;

gas; brac
L Nor STU

C-116291 104 H/14 485650 6401840 con; fora; trac L Nor STU
C-116293 104 H/14 479650 6409560 biv; brac E J HG
C-116295 104 H/14 483840 6404170 biv Tr STU
C-116296 104 H/14 483650 6404780 biv L Nor STU
C-116297 104 H/14 480770 6407800 biv E J HG
C-116298 104 H/14 480550 6409370 biv E J HG
C-116299 104 H/14 482900 6406790 biv; bel E J Toar HG
C-116432 104 H/14 481663 6404264 biv STU
C-116433 104 H/14 481663 6404264 con L Art Sclast
C-116434 104 H/14 482485 6403178 con L Art SclastTJ
C-116435 104 H/14 484385 6403325 biv L Nor STU
C-116436 104 H/14 484386 6403541 biv; brac; cor TrJc
C-116437 104 H/14 484386 6403541 icth Phan clastTJ
C-116438 104 H/14 484386 6403541 con L Nor t Rha SclastTJ
C-116441 104 H/11 491397 6398350 biv; brac E J CFV
C-116442 104 H/11 491397 6398350 icth Phan clastH
C-116445 104 H/11 488960 6395113 biv; gas; cor Tr clastH
C-116447 104 H/11 489659 6397700 biv; gas Plie CFV
C-116448 104 H/11 496350 6396600 amm; biv M Aal CFV
C-116476 104 H/8 549762 6345499 biv; bel J BLG
C-116477 104 H/1 547074 6343773 biv E Ox BLG
C-116478 104 H/10 506007 6384499 amm; biv mE Plie SF
C-116479 104 H/8 552670 6358000 pal E Alb o older BLG
C-116480 104 H/8 552660 6358050 pal E Alb o older BLG
C-116481 104 H/8 552650 6358080 pal L Alb o Cen TCF
C-116482 104 H/8 552650 6358130 pal L Alb o Cen TCF
C-116493 104 H/15 516310 6423500 pal L Alb o E Cen TCF
C-116851 104 H/8 534629 6367805 amm; plan E Cal BLG
C-116852 104 H/8 537369 6362894 biv; bel M Toar t E Ox SF
C-116853 104 H/8 539968 6365826 amm Bat o Cal BLG
C-116854 104 H/8 540357 6369202 plan L K TCF
C-116856 104 H/7 525680 6359897 amm E Ox BLG
C-116857 104 H/7 521867 6370238 biv; bel M J t E K L J t E K BLG
C-116858 104 H/7 521828 6368492 biv; bel L J E o M Ox BLG
C-116859 104 H/7 519561 6366690 amm; bel E Cal t M Cal BLG
C-116860 104 H/7 519754 6366941 amm; biv Cal o E Ox BLG
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C-116861 104 H/7 519812 6368350 amm; biv; bel E o M Cal BLG
C-116862 104 H/7 520658 6367851 amm; biv M Cal BLG
C-116863 104 H/10 509380 6391650 amm; biv; gas mE Plie CFV
C-116864 104 H/10 509480 6391635 biv E J Plie CFV
C-116866 104 H/10 508230 6391330 biv E J CFV
C-116867 104 H/10 506791 6393559 biv CFV
C-116868 104 H/10 507580 6386540 amm mE Plie HG
C-116869 104 H/10 509470 6381210 amm; biv; cor lE Plie o eL Plie HG
C-116871 104 H/7 515232 6370631 amm; biv Bat t Cal BLG
C-116872 104 H/7 515130 6370382 amm; bel L Bat t M Cal BLG
C-116873 104 H/7 515681 6371212 biv Cal BLG
C-116874 104 H/10 514756 6373750 biv M J STU/HG
C-116875 104 H/10 510583 6374724 amm E Toar o M Toar SF
C-116876 104 H/10 511949 6374800 amm; biv E Plie SF
C-116877 104 H/10 512731 6375228 amm; biv lL Plie HG
C-116878 104 H/10 511955 6373530 amm; biv E Plie t M Plie SF
C-116886 104 H/7 512460 6355914 biv; bel Cal o E Ox BLG
C-116887 104 H/7 512450 6355820 amm; biv/coq E Ox BLG
C-116888 104 H/7 512386 6355340 biv; bel; gas J M o L J BLG
C-116890 104 H/7 508981 6353691 plan BLG
C-116891 104 H/7 508950 6353350 plan L J t E K BLG
C-116893 104 H/7 505146 6364201 amm M o L J BLG
C-116894 104 H/7 504574 6362186 amm; biv; bel lE Ox BLG
C-116895 104 H/7 504595 6362064 amm; biv Bat t Ox BLG
C-116896 104 H/11 493455 6373054 amm M o L J SF
C-116897 104 H/11 494999 6373200 rad M o L Tr cclastPJ
C-116900 104 H/11 493114 6373811 rad cclastPJ
C-116900 104 H/11 493114 6373811 rad L Carn t M Nor cclastPJ
C-117102 104 H/11 475060 6400000 pal M o L J BLG
C-117111 104 H/13 451200 6405050 con; trac L Nor STU
C-117112 104 H/13 450400 6405400 con; fora;

micro
M t L Nor STU

C-117114 104 H/14 477670 6400920 macro L Tr STU
C-117206 104 H/10 501180 6395870 amm E Plie CFV
C-117207 104 H/10 501440 6396600 amm; biv E Plie CFV
C-117224 104 H/11 496300 6396690 amm Aal CFV
C-117271 104 H/10 507353 6386525 amm; biv/coq E Plie SF
C-117274 104 H/10 509287 6391708 biv; gas M Sin t E Plie CFV
C-117275 104 H/10 519250 6391920 biv; bel M J BLG
C-117276 104 H/10 509528 6391864 amm; biv E Plie CFV
C-117277 104 H/10 508186 6391405 amm; biv; gas E Plie CFV
C-127480 104 H/12 449300 6381000 biv; bel M Toar t E K BLG
C-127481 104 H/12 449300 6381000 amm M J o E Ox BLG
C-127482 104 H/12 449300 6381000 amm J o K BLG
C-127483 104 H/12 449300 6381000 amm M o L J BLG
C-127484 104 H/12 449300 6381000 amm M J o E Ox BLG
C-127485 104 H/12 448400 6379800 amm M J o E Ox BLG
C-127487 104 H/12 448400 6379800 amm M J o E Ox BLG
C-127488 104 H/12 448000 6379580 amm; biv Cal t E Ox BLG
C-137351 104 H/10 517800 6394725 pal Con o yngr TCF
C-137353 104 H/10 517840 6394730 pal Con o yngr TCF
C-137355 104 H/10 517860 6394740 pal Con o yngr TCF
C-137385 104 H/10 518030 6394810 pal San o yngr TCF
C-137393 104 H/10 518110 6394880 pal San o yngr TCF
C-137398 104 H/10 518140 6394900 pal E Camp o yngr TCF
C-137469 104 H/10 518475 6395300 pal E t eL Camp TCF
C-137470 104 H/11 493100 6399100 pal Barr t EoM Alb TCF
C-137477 104 H/11 493500 6399200 pal Barr t EoM Alb TCF
C-137478 104 H/10 518600 6395350 pal L Camp BPF
C-137530 104 H/10 519000 6397000 pal L Camp BPF
C-137531 104 H/10 516250 6394150 pal M o L Alb TCF
C-137540 104 H/10 516425 6394050 pal M o L Alb TCF
C-137541 104 H/10 517000 6394750 pal Con o yngr TCF
C-137546 104 H/10 517150 6394775 pal Con o yngr TCF
C-137547 104 H/10 517300 6395500 pal Camp E Camp TCF
C-137554 104 H/10 517300 6395500 pal Camp E Camp TCF
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C-137555 104 H/10 516450 6396830 pal L Camp BPF
C-137578 104 H/10 515560 6398900 pal L Camp BPF
C-160522 104 H/10 517200 6395830 pal L Camp TCF
C-175601 104 H/10 502297 6395616 amm E Plie CFV
C-175602 104 H/12 444461 6388603 biv; brac Mz SF
C-175603 104 H/12 444555 6388718 biv Mz SF
C-175604 104 H/12 443903 6379977 amm; biv;

bel; brac
E Cal BLG

C-175605 104 H/12 443979 6380285 amm; biv; bel E o M(?) Cal BLG
C-175606 104 H/12 445841 6380269 amm; biv lE Cal t M Ox BLG
C-175608 104 H/5 453008 6364372 biv BLG
C-175609 104 H/5 453140 6364474 amm; biv Cal t M Ox BLG
C-175611 104 H/5 448472 6365760 biv; gas lE Cal t M Ox BLG
C-175612 104 H/5 446198 6366489 biv lE Cal t M Ox BLG
C-175616 104 H/5 464638 6355620 biv M J t E K BLG
C-175618 104 H/5 464066 6354682 amm; biv;

scap
E Kim BLG

C-175619 104 H/6 470068 6369641 amm; biv;
brac

lE Cal t M Ox BLG

C-175620 104 H/5 466708 6365284 biv Baj t Cal BLG
C-175621 104 H/5 466041 6364518 amm; biv Cal t M Ox BLG
C-175622 104 H/6 476630 6360870 pal J t eL K BLG
C-175623 104 H/6 476863 6360449 pal J t K BLG
C-175626 104 H/6 477914 6357374 pal J t K BLG
C-175628 104 H/6 478428 6355886 biv M Cal t M Ox BLG
C-175630 104 H/6 479034 6355148 biv M Cal t M Ox BLG
C-175636 104 H/6 480398 6352904 biv M J BLG
C-175638 104 H/6 481482 6355407 pal M J t E K BLG
C-175641 104 H/3 487634 6337253 plan J o K BLG
C-175651 104 H/4 449262 6338874 biv J BLG
C-175656 104 H/4 449023 6339455 pal L J t K BLG
C-175659 104 H/4 451877 6338829 pal J t K BLG
C-175676 104 H/6 497943 6350787 biv Cal o Ox BLG
C-175679 104 H/6 496980 6350143 biv; gas J BLG
C-175680 104 H/6 498777 6347609 biv M J BLG
C-175683 104 H/4 449717 6326068 amm; biv; bel Tit o Ber BLG
C-175685 104 H/4 450336 6325359 icth Phan BLG
C-175687 104 H/4 451115 6323067 biv Tit o Ber BLG
C-175688 104 H/4 451115 6323067 biv Tit o Ber BLG
C-175689 104 H/4 450367 6321295 biv; bel Ber BLG
C-175690 104 H/4 452142 6320823 fora; icth Phan BLG
C-175691 104 H/4 450594 6318650 amm; biv Tit o Ber BLG
C-175695 104 H/12 446986 6392320 amm; biv;

brac
Tr o E J STU

C-175696 104 H/12 447638 6392398 amm M Toar t Cal SF
C-175697 104 H/12 450875 6393296 amm; biv E Cal o M Cal BLG
C-175698 104 H/12 451040 6391340 pal Port t Ber BLG
C-175701 104 H/5 451556 6370534 amm; biv Bat t E Ox BLG
C-175703 104 H/12 458285 6387817 amm; biv;

scap; bel
M Cal t E Ox BLG

C-175706 104 H/12 452440 6377170 amm L Cal BLG
C-175707 104 H/12 457199 6386930 biv Cal o E Ox BLG
C-175711 104 H/12 458356 6387044 pal L J t K BLG
C-175713 104 H/5 464323 6372675 pal J t K BLG
C-175717 104 H/15 515800 6413670 pal Bat t Alb BPF
C-175718 104 H/15 515455 6414555 pal J t K BPF
C-175719 104 H/15 515911 6416111 pal M J t E K TCF
C-175721 104 H/5 452495 6357067 amm Bat t M Ox BLG
C-175722 104 H/5 448802 6358094 biv J M o L J BLG
C-175723 104 H/5 448318 6360707 biv Ox BLG
C-175728 104 H/5 448527 6350561 pal L J t E K BLG
C-175730 104 H/5 451182 6348400 pal L J t E K BLG
C-175732 104 H/5 451507 6348936 pal L J t L K BLG
C-175734 104 H/5 452193 6348332 pal L J t K BLG
C-175736 104 H/5 452987 6346655 pal L J t K BLG
C-175741 104 H/6 477509 6366751 biv M J o Ox BLG
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C-175742 104 H/6 478231 6365525 biv E o M Ox BLG
C-175745 104 H/6 477685 6365338 biv Ox BLG
C-175747 104 H/6 480039 6364617 biv J BLG
C-177801 104 H/12 440707 6395127 icth Phan clast
C-177802 104 H/12 442752 6388783 amm E Plie HG
C-177811 104 H/3 470662 6343987 biv L J o E K BLG
C-177816 104 H/3 485250 6325271 pal BLG
C-177833 104 H/6 481145 6345139 biv L J o E K BLG
C-177834 104 H/6 482703 6345498 biv L Ox o E Kim BLG
C-177842 104 H/11 496216 6396816 pal Barr t E Alb TCF
C-177843 104 H/11 496812 6397938 amm; biv E Plie CFV
C-177845 104 H/11 497435 6397537 amm E Plie CFV
C-177864 104 H/12 440435 6384850 amm E o M Cal BLG
C-177866 104 H/12 440240 6385100 amm; biv L Bat t M Cal BLG
C-177869 104 H/12 447300 6383300 biv; bel Cal t M Ox BLG
C-177870 104 H/12 447240 6383230 biv J BLG
C-177871 104 H/12 447070 6383050 amm; biv E Cal BLG
C-177874 104 H/12 445800 6381730 amm; biv Cal BLG
C-177875 104 H/12 443000 6381100 biv; bel E o M Ox BLG
C-177876 104 H/12 444520 6379250 amm; biv Cal o E Ox BLG
C-177877 104 H/12 444550 6379290 biv M Cal t E Ox BLG
C-177879 104 H/12 444990 6379060 amm; biv; bel Cal o E Ox BLG
C-177880 104 H/12 445250 6379050 amm; biv Cal t E Ox BLG
C-177884 104 H/12 442650 6380050 amm; biv E Cal BLG
C-177885 104 H/12 442560 6380100 amm; biv Bat t Ox BLG
C-177886 104 H/12 442700 6380500 amm; biv L Cal BLG
C-177887 104 H/12 442170 6381330 biv M t L J BLG
C-177888 104 H/12 442250 6381330 biv E o M Ox BLG
C-177889 104 H/12 442760 6380580 biv Cal t E Ox BLG
C-177890 104 H/12 442410 6381300 biv L Bat o E Cal BLG
C-177891 104 H/12 443320 6379770 biv M o L J BLG
C-181052 104 H/12 445130 6376900 amm; biv Cal o Ox BLG
C-187052 104 H/12 443840 6379980 macro E Cal BLG
C-187053 104 H/12 443840 6380010 macro E Cal BLG
C-187054 104 H/12 443850 6380060 macro E Cal BLG
C-187055 104 H/12 443740 6380210 macro E Cal BLG
C-187056 104 H/12 443760 6380300 macro Cal BLG
C-187057 104 H/12 443850 6380600 macro M Cal BLG
C-187058 104 H/12 443200 6380660 macro M Cal BLG
C-187059 104 H/12 443200 6380620 macro M Cal BLG
C-187060 104 H/12 443210 6380560 macro Cal BLG
C-187061 104 H/12 444500 6379280 macro Cal o Ox BLG
C-187062 104 H/12 444720 6379080 macro Ox BLG
C-187063 104 H/12 445070 6379040 macro Ox BLG
C-187064 104 H/12 445170 6379040 macro Ox BLG
C-187065 104 H/12 444380 6379550 macro Cal BLG
C-187066 104 H/12 445680 6380220 macro Ox BLG
C-187067 104 H/12 444520 6380060 macro L Cal BLG
C-187068 104 H/12 449220 6375090 macro E Ox BLG
C-187069 104 H/12 449430 6374760 macro E Ox BLG
C-187070 104 H/12 449700 6375050 macro E Ox BLG
C-187072 104 H/12 449760 6375800 macro E Ox BLG
C-187073 104 H/12 449470 6375650 macro E Ox BLG
C-187074 104 H/12 449420 6375670 macro E Ox BLG
C-187075 104 H/12 449150 6375700 macro Ox BLG
C-187076 104 H/12 448800 6374350 macro E Ox BLG
C-187077 104 H/12 448800 6374350 macro E Ox BLG
C-187078 104 H/12 450100 6375130 macro Cal BLG
C-187079 104 H/12 450200 6375340 macro Cal BLG
C-187080 104 H/12 449760 6375520 macro E o M Cal BLG
C-187081 104 H/12 447810 6373580 macro E Ox BLG
C-187082 104 H/12 447870 6373550 macro E Ox BLG
C-187083 104 H/12 447730 6373590 macro E Ox BLG
C-187084 104 H/12 447500 6373430 macro Ox BLG
C-187085 104 H/12 448750 6374020 macro E Ox BLG
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C-187086 104 H/12 448810 6374200 macro E Ox BLG
C-187087 104 H/12 448820 6374120 macro E Ox BLG
C-187088 104 H/12 448800 6374260 macro E Ox BLG
C-187089 104 H/12 448800 6374280 macro E Ox BLG
C-187090 104 H/12 448800 6374300 macro E Ox BLG
C-187091 104 H/12 448800 6374320 macro E Ox BLG
C-193904 104 H/8 542830 6369950 pal L Camp TCF
C-193906 104 H/8 542850 6369980 pal L Camp TCF
C-193910 104 H/8 542910 6370140 pal L Camp TCF
C-193911 104 H/8 542920 6370160 pal L Camp TCF
C-193913 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-193914 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-193915 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-193916 104 H/8 540770 6366420 pal L Alb t Cen TCF
C-193917 104 H/8 540770 6366420 pal L Alb t Cen TCF
C-193918 104 H/8 552120 6360620 pal L Alb o Cen TCF
C-193925 104 H/8 552670 6358020 pal J BLG
C-193926 104 H/9 552664 6358026 pal J BLG
C-193927 104 H/9 552664 6358026 pal J BLG
C-193929 104 H/9 552650 6358102 pal L Alb o Cen TCF
C-193930 104 H/9 552650 6358103 pal L Alb o Cen TCF
C-193931 104 H/9 552650 6358104 pal L Alb o Cen TCF
C-193932 104 H/9 552649 6358106 pal L Alb o Cen TCF
C-193933 104 H/9 552649 6358107 pal L Alb o Cen TCF
C-193934 104 H/9 552648 6358108 pal L Alb o Cen TCF
C-193935 104 H/9 552648 6358110 pal L Alb o Cen TCF
C-193936 104 H/9 552648 6358112 pal L Alb o Cen TCF
C-193938 104 H/9 552647 6358116 pal L Alb o Cen TCF
C-193941 104 H/9 552647 6358120 pal L Alb o Cen TCF
C-193991 104 H/11 473500 6397100 pal J BLG
C-194007 104 H/11 473500 6397100 pal J BLG
C-201690 104 H/2 510812 6330361 pal J t E K BLG
C-201691 104 H/2 510788 6330267 pal K o yngr BLG
C-201692 104 H/2 517244 6318888 pal E K BLG
C-201712 104 H/2 516620 6319880 pal L J BLG
C-201883 104 H/2 520400 6326600 pal J t E K BLG
C-201884 104 H/2 518780 6323250 pal J t E K BLG
C-202652 104 H/13 451670 6427290 icth Phan Pc/Pv
C-202653 104 H/13 453700 6416240 icth Phan Pc/Pv
C-302430 104 H/16 550820 6394720 pal M Alb o yngr TCF
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C-86311 104 H/13 448700 6406400 con Carb t Perm PclastS
C-88168 104 H/7 528968 6372937 con; crin Perm PclastTJ
C-88162 104 H/8 532987 6370030 con Art t Kung SclastTJ
C-102913 104 H/14 482220 6402820 con Art Sclast
C-86310 104 H/13 448700 6406400 con L Art PclastS
C-116433 104 H/14 481663 6404264 con L Art Sclast
C-116434 104 H/14 482485 6403178 con L Art SclastTJ
C-88160 104 H/8 533000 6369800 con; crin Sak t E Art SclastTJ
C-88161 104 H/8 532987 6370030 con Sak t E Art SclastTJ
C-90723 104 H/10 505880 6381150 bel L Pz t Mz SF
C-88147 104 H/16 545280 6403190 pal Mz TCF
C-175602 104 H/12 444461 6388603 biv; brac Mz SF
C-175603 104 H/12 444555 6388718 biv Mz SF
C-87708 104 H/13 450890 6426180 con L Anis t E Lad STU
C-88163 104 H/8 532987 6370030 biv E Nor o L Carn SclastTJ
C-88164 104 H/8 532987 6370030 con L Carn SclastTJ
C-103589 104 H/11 471600 6400100 rad L Carn o E Nor cclastB
C-103586 104 H/11 481000 6392500 rad L Carn t E Nor cclastB
C-103588 104 H/11 476000 6391800 rad L Carn t lM Nor cclastB
C-103591 104 H/11 475150 6398000 rad L Carn t lM Nor cclastB
C-103585 104 H/11 480500 6393000 rad Carn t lM Nor cclastB
C-116900 104 H/11 493114 6373811 rad L Carn t M Nor cclastPJ
C-87654 104 H/13 460000 6415330 con; icth lE t eM Nor STU
C-87655 104 H/13 460000 6415330 con lE t eM Nor STU
C-116291 104 H/14 485650 6401840 amm; biv; gas;

brac
L Nor STU

C-116291 104 H/14 485650 6401840 con; fora; trac L Nor STU
C-116435 104 H/14 484385 6403325 biv L Nor STU
C-116438 104 H/14 484386 6403541 con L Nor t Rha SclastTJ
C-117111 104 H/13 451200 6405050 con; trac L Nor STU
C-117112 104 H/13 450400 6405400 con; fora;

micro
M t L Nor STU

C-116897 104 H/11 494999 6373200 rad M o L Tr cclastPJ
C-103584 104 H/11 494400 6392550 rad M o L Tr cclastB
C-103581 104 H/11 497800 6391700 rad M t L Tr cclastB
C-103583 104 H/11 494400 6392350 rad M t L Tr cclastB
C-103587 104 H/11 476000 6392000 rad M t L Tr cclastB
C-103590 104 H/11 471600 6400000 rad M t L Tr cclastB
C-116888 104 H/7 512386 6355340 biv; bel; gas J M o L J BLG
C-175722 104 H/5 448802 6358094 biv J M o L J BLG
C-88118 104 H/8 534000 6358200 biv J BLG
C-88144 104 H/11 484994 6385188 coq J BLG
C-116476 104 H/8 549762 6345499 biv; bel J BLG
C-175651 104 H/4 449262 6338874 biv J BLG
C-175679 104 H/6 496980 6350143 biv; gas J BLG
C-175747 104 H/6 480039 6364617 biv J BLG
C-177870 104 H/12 447240 6383230 biv J BLG
C-193925 104 H/8 552670 6358020 pal J BLG
C-193926 104 H/9 552664 6358026 pal J BLG
C-193927 104 H/9 552664 6358026 pal J BLG
C-193991 104 H/11 473500 6397100 pal J BLG
C-194007 104 H/11 473500 6397100 pal J BLG
C-88154 104 H/10 509389 6380267 biv; cor E J Plie SF
C-116864 104 H/10 509480 6391635 biv E J Plie CFV
C-116299 104 H/14 482900 6406790 biv; bel E J Toar HG
C-88151 104 H/11 496540 6396900 biv E J CFV
C-90668 104 H/10 503810 6380290 org E J SF
C-90672 104 H/10 504400 6381400 amm; bel E J SF
C-90673 104 H/10 504700 6381490 amm; bel E J SF
C-90685 104 H/7 503970 6370570 macro E J SF
C-90686 104 H/7 503970 6370560 macro E J SF
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C-90688 104 H/7 503965 6370540 macro E J SF
C-90717 104 H/11 505520 6379450 macro E J SF
C-90720 104 H/10 505800 6379840 macro E J SF
C-90722 104 H/10 505930 6380510 macro E J SF
C-116297 104 H/14 480770 6407800 biv E J HG
C-116441 104 H/11 491397 6398350 biv; brac E J CFV
C-116866 104 H/10 508230 6391330 biv E J CFV
C-117274 104 H/10 509287 6391708 biv; gas M Sin t E Plie CFV
O-28922 104 H/10 507080 6393670 biv Plie HG
C-90681 104 H/7 503980 6370610 biv Plie SF
C-81970 104 H/10 504967 6395103 amm; gas E Plie CFV
C-90659 104 H/7 507460 6371040 amm; biv E Plie SF
C-90664 104 H/7 503980 6370625 amm; biv E Plie SF
C-90667 104 H/10 508330 6376770 biv; brac; cor E Plie SF
C-90680 104 H/7 503980 6370620 amm; biv E Plie SF
C-90682 104 H/7 503980 6370600 amm; biv E Plie SF
C-90687 104 H/7 503970 6370550 biv E Plie SF
C-90828 104 H/7 506250 6371860 amm E Plie SF
C-90950 104 H/10 503070 6373350 amm E Plie SF
C-103052 104 H/11 490240 6396780 amm; biv; gas;

brac
E Plie CFV

C-103056 104 H/11 489770 6397600 amm; biv; gas E Plie CFV
C-103221 104 H/11 498550 6375500 amm E Plie SF
C-103222 104 H/11 498610 6376050 amm E Plie SF
C-103304 104 H/7 507200 6371600 amm E Plie SF
C-103412 104 H/10 501070 6397530 amm; biv E Plie CFV
C-103429 104 H/11 489674 6397308 amm E Plie CFV
C-116876 104 H/10 511949 6374800 amm; biv E Plie SF
C-117206 104 H/10 501180 6395870 amm E Plie CFV
C-117207 104 H/10 501440 6396600 amm; biv E Plie CFV
C-117271 104 H/10 507353 6386525 amm; biv/coq E Plie SF
C-117276 104 H/10 509528 6391864 amm; biv E Plie CFV
C-117277 104 H/10 508186 6391405 amm; biv; gas E Plie CFV
C-177802 104 H/12 442752 6388783 amm E Plie HG
C-177843 104 H/11 496812 6397938 amm; biv E Plie CFV
C-177845 104 H/11 497435 6397537 amm E Plie CFV
C-116878 104 H/10 511955 6373530 amm; biv E Plie t M Plie SF
C-116869 104 H/10 509470 6381210 amm; biv; cor lE Plie o eL Plie HG
C-116478 104 H/10 506007 6384499 amm; biv mE Plie SF
C-116863 104 H/10 509380 6391650 amm; biv; gas mE Plie CFV
C-116868 104 H/10 507580 6386540 amm mE Plie HG
C-90683 104 H/7 503980 6370590 amm; biv L Plie SF
C-90684 104 H/7 503975 6370580 amm L Plie SF
C-103067 104 H/11 499168 6376854 amm L Plie SF
C-103174 104 H/13 466150 6412800 amm L Plie HG
C-103177 104 H/13 465655 6412720 amm L Plie SF
C-103223 104 H/10 504153 6382113 amm L Plie SF
C-103224 104 H/10 504153 6382113 amm L Plie SF
C-103226 104 H/10 504153 6382113 amm L Plie SF
C-116877 104 H/10 512731 6375228 amm; biv lL Plie HG
C-101239 104 H/10 529202 6384709 biv Plie t Bat BLG
C-90714 104 H/10 500540 6378560 macro Plie t Toar SF
C-90698 104 H/13 466090 6414175 amm; biv; brac Toar M Toar HG
C-90661 104 H/7 507980 6371400 amm Toar SF
C-90712 104 H/10 500960 6378520 macro Toar SF
C-90732 104 H/13 469200 6413600 bel Toar HG
C-87250 104 H/13 465950 6414290 amm E Toar SF
C-90670 104 H/10 504370 6381360 amm; bel E Toar SF
C-90675 104 H/10 504310 6381480 amm; bel E Toar SF
C-103182 104 H/13 465670 6412720 macro E Toar SF
C-116875 104 H/10 510583 6374724 amm E Toar o M Toar SF
C-90669 104 H/10 504680 6381620 amm E o M Toar SF
C-90671 104 H/10 504400 6381400 amm M Toar SF
C-90730 104 H/10 506900 6378700 amm; biv M Toar SF
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C-103428 104 H/13 466800 6413200 macro M Toar HG
C-88219 104 H/10 505800 6379900 bel M t L Toar SF
C-127480 104 H/12 449300 6381000 biv; bel M Toar t E K BLG
C-88198 104 H/1 558640 6338586 biv; bel M Toar t E Ox BLG
C-116852 104 H/8 537369 6362894 biv; bel M Toar t E Ox SF
C-88175 104 H/11 499167 6383603 bel M Toar t K SF
C-87248 104 H/13 463776 6401076 amm; biv; bel M o L Toar SF
C-90674 104 H/10 504700 6381490 amm M o L Toar SF
C-90731 104 H/10 506900 6378450 amm M o L Toar SF
C-103445 104 H/11 499170 6383420 macro L Toar SF
C-103446 104 H/11 499170 6383420 macro L Toar SF
C-103448 104 H/10 506900 6378550 bel L Toar t Baj SF
C-88216 104 H/10 505820 6379790 amm Toar o Aal SF
C-90677 104 H/10 503920 6380440 amm E o M J SF
C-90705 104 H/12 452530 6394730 macro M J BLG
C-90706 104 H/12 453950 6394950 macro M J BLG
C-90707 104 H/12 452820 6394900 macro M J BLG
C-90708 104 H/12 453270 6395170 macro M J BLG
C-90709 104 H/7 508000 6372080 macro M J BLG
C-90710 104 H/10 502300 6378650 macro M J BLG
C-90711 104 H/10 503330 6379400 macro M J BLG
C-90713 104 H/10 500800 6378570 macro M J SF
C-90718 104 H/10 505520 6379450 macro M J SF
C-101243 104 H/9 532500 6375330 biv M J BLG
C-116874 104 H/10 514756 6373750 biv M J STU/HG
C-90678 104 H/10 504020 6380510 bel Aal SF
C-90715 104 H/10 500200 6378320 amm; bel Aal SF
C-90719 104 H/10 505870 6379960 amm; biv Aal SF
C-90746 104 H/7 506250 6372380 amm Aal SF
C-90747 104 H/7 506000 6372580 amm; biv Aal SF
C-90961 104 H/10 503854 6381525 amm Aal SF
C-90963 104 H/10 503838 6381185 amm Aal SF
C-101213 104 H/10 503854 6381216 amm Aal SF
C-103194 104 H/11 496300 6396690 amm; biv Aal CFV
C-103200 104 H/7 506000 6372580 amm; biv Aal SF
C-103211 104 H/10 503520 6373910 amm Aal SF
C-103413 104 H/10 502810 6396530 amm Aal CFV
C-103414 104 H/10 502890 6396340 amm Aal CFV
C-103415 104 H/10 502920 6396140 biv; gas; brac Aal CFV
C-103416 104 H/10 502950 6395970 amm; biv Aal CFV
C-103418 104 H/10 502940 6395760 biv Aal CFV
C-103419 104 H/10 502920 6395570 biv; brac Aal CFV
C-103421 104 H/10 502660 6395520 amm; biv Aal CFV
C-103425 104 H/10 505820 6379770 amm Aal SF
C-103432 104 H/10 510384 6374486 amm; biv Aal SF
C-107886 104 H/7 506000 6372580 amm Aal SF
C-116448 104 H/11 496350 6396600 amm; biv M Aal CFV
C-103427 104 H/7 508250 6372050 macro Baj t Bat BLG
C-103444 104 H/11 498600 6383000 macro E Baj SF
C-90528 104 H/12 451100 6393250 macro Bat BLG
C-90529 104 H/12 450950 6393250 macro Bat BLG
C-90728 104 H/12 442050 6385690 macro Bat BLG
C-90792 104 H/10 505770 6373300 macro Bat BLG
C-103057 104 H/11 489670 6394670 macro Bat BLG
C-103058 104 H/10 506570 6373150 macro Bat BLG
C-103437 104 H/10 509700 6375010 macro Bat BLG
C-107881 104 H/12 442050 6385690 macro Bat BLG
C-175717 104 H/15 515800 6413670 pal Bat t Alb BPF
C-116871 104 H/7 515232 6370631 amm; biv Bat t Cal BLG
C-88194 104 H/1 559535 6345312 rad Bat t M Cal SF
C-175701 104 H/5 451556 6370534 amm; biv Bat t E Ox BLG
C-177885 104 H/12 442560 6380100 amm; biv Bat t Ox BLG
C-90665 104 H/10 507950 6376420 amm L Bat BLG
C-101241 104 H/9 530456 6377367 amm; biv L Bat BLG
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C-101245 104 H/9 530460 6377360 amm; biv; bel L Bat o E Cal BLG
C-101247 104 H/9 531530 6374390 amm; biv; trac L Bat o E Cal BLG
C-88201 104 H/7 519689 6367068 amm L Bat t M Cal BLG
C-177866 104 H/12 440240 6385100 amm; biv L Bat t M Cal BLG
O-93222 104 H/8 533400 6368150 biv Cal BLG
O-93258 104 H/8 532420 6364810 amm; biv Cal BLG
C-90725 104 H/11 489100 6381800 macro Cal BLG
C-101248 104 H/9 531500 6374370 amm; biv Cal BLG
C-187056 104 H/12 443760 6380300 macro Cal BLG
C-187065 104 H/12 444380 6379550 macro Cal BLG
C-187078 104 H/12 450100 6375130 macro Cal BLG
C-187079 104 H/12 450200 6375340 macro Cal BLG
C-90790 104 H/12 456020 6386100 amm; biv; bel E Cal BLG
C-103442 104 H/7 505050 6368780 macro E Cal BLG
C-175604 104 H/12 443903 6379977 amm; biv; bel;

brac
E Cal BLG

C-177871 104 H/12 447070 6383050 amm; biv E Cal BLG
C-187052 104 H/12 443840 6379980 macro E Cal BLG
C-187053 104 H/12 443840 6380010 macro E Cal BLG
C-187054 104 H/12 443850 6380060 macro E Cal BLG
C-187055 104 H/12 443740 6380210 macro E Cal BLG
O-93260 104 H/8 533920 6366770 amm; biv E o M Cal BLG
O-93354 104 H/8 534500 6367000 amm E o M Cal BLG
O-93356 104 H/8 534500 6367000 amm E o M Cal BLG
C-81621 104 H/8 533700 6368397 amm; bel E o M Cal BLG
C-90506 104 H/8 533900 6366800 amm; biv; bel E o M Cal BLG
C-116861 104 H/7 519812 6368350 amm; biv; bel E o M Cal BLG
C-187080 104 H/12 449760 6375520 macro E o M Cal BLG
C-175605 104 H/12 443979 6380285 amm; biv; bel E o M(?) Cal BLG
C-175606 104 H/12 445841 6380269 amm; biv lE Cal t M Ox BLG
O-93359 104 H/8 534500 6367000 amm M Cal BLG
C-88202 104 H/7 519587 6367562 amm M Cal BLG
C-187059 104 H/12 443200 6380620 macro M Cal BLG
C-175703 104 H/12 458285 6387817 amm; biv; scap;

bel
M Cal t E Ox BLG

O-931 104 H/8 532150 6364580 amm; biv L Cal BLG
C-175706 104 H/12 452440 6377170 amm L Cal BLG
C-177886 104 H/12 442700 6380500 amm; biv L Cal BLG
C-187067 104 H/12 444520 6380060 macro L Cal BLG
C-116860 104 H/7 519754 6366941 amm; biv Cal o E Ox BLG
C-175707 104 H/12 457199 6386930 biv Cal o E Ox BLG
C-177879 104 H/12 444990 6379060 amm; biv; bel Cal o E Ox BLG
C-181052 104 H/12 445130 6376900 amm; biv Cal o Ox BLG
C-187061 104 H/12 444500 6379280 macro Cal o Ox BLG
C-90753 104 H/12 450370 6381700 amm; biv; bel Cal t E Ox BLG
C-90782 104 H/12 459600 6387120 biv; bel Cal t E Ox BLG
C-127488 104 H/12 448000 6379580 amm; biv Cal t E Ox BLG
C-177880 104 H/12 445250 6379050 amm; biv Cal t E Ox BLG
C-90789 104 H/12 456100 6386020 biv; gas; scap Cal t M Ox BLG

O-32790 104 H/4 459500 6335500 biv M t L J BLG
C-90729 104 H/10 506900 6378900 amm; biv; bel M t L J SF
C-177887 104 H/12 442170 6381330 biv M t L J BLG
C-88116 104 H/8 536861 6354156 biv M J o E Ox BLG
C-127481 104 H/12 449300 6381000 amm M J o E Ox BLG
C-127484 104 H/12 449300 6381000 amm M J o E Ox BLG
C-127485 104 H/12 448400 6379800 amm M J o E Ox BLG
C-127487 104 H/12 448400 6379800 amm M J o E Ox BLG
C-116857 104 H/7 521867 6370238 biv; bel M J t E K L J t E K BLG
C-175616 104 H/5 464638 6355620 biv M J t E K BLG
C-175638 104 H/6 481482 6355407 pal M J t E K BLG
C-175719 104 H/15 515911 6416111 pal M J t E K TCF
C-117102 104 H/11 475060 6400000 pal M o L J BLG
C-116858 104 H/7 521828 6368492 biv; bel L J E o M Ox BLG

Index 2 (cont.)



241

GSC
collection

NTS Easting Northing Fossil type Most probable age Probable age UnitC- O-

C-90771 104 H/5 454450 6371770 macro L J BLG
C-90772 104 H/5 454600 6371720 macro L J BLG
C-90773 104 H/5 454770 6371670 macro L J BLG
C-90785 104 H/12 456530 6382980 macro L J BLG
C-90786 104 H/12 456370 6382720 macro L J BLG
C-90787 104 H/12 456220 6382550 macro L J BLG
O-28921 104 H/1 542430 6342800 amm; bel Ox M Ox BLG
C-90774 104 H/5 459200 6369850 macro Ox BLG
C-90775 104 H/5 458700 6372900 macro Ox BLG
C-187063 104 H/12 445070 6379040 macro Ox BLG
C-187064 104 H/12 445170 6379040 macro Ox BLG
C-187066 104 H/12 445680 6380220 macro Ox BLG
C-187075 104 H/12 449150 6375700 macro Ox BLG
C-187084 104 H/12 447500 6373430 macro Ox BLG

104 H/8 532530 6364010 amm; bel E Ox BLG
C-88199 104 H/1 558611 6338155 amm; biv; bel E Ox BLG
C-90751 104 H/5 451920 6372280 macro E Ox BLG
C-90752 104 H/12 452500 6373360 macro E Ox BLG
C-90781 104 H/12 457730 6375950 amm; biv E Ox BLG
C-116856 104 H/7 525680 6359897 amm E Ox BLG
C-116887 104 H/7 512450 6355820 amm; biv/coq E Ox BLG
C-187068 104 H/12 449220 6375090 macro E Ox BLG
C-187069 104 H/12 449430 6374760 macro E Ox BLG
C-187070 104 H/12 449700 6375050 macro E Ox BLG
C-187072 104 H/12 449760 6375800 macro E Ox BLG
C-187073 104 H/12 449470 6375650 macro E Ox BLG
C-187074 104 H/12 449420 6375670 macro E Ox BLG
C-187076 104 H/12 448800 6374350 macro E Ox BLG
C-187077 104 H/12 448800 6374350 macro E Ox BLG
C-187081 104 H/12 447810 6373580 macro E Ox BLG
C-187082 104 H/12 447870 6373550 macro E Ox BLG
C-187083 104 H/12 447730 6373590 macro E Ox BLG
C-187085 104 H/12 448750 6374020 macro E Ox BLG
C-187086 104 H/12 448810 6374200 macro E Ox BLG
C-187087 104 H/12 448820 6374120 macro E Ox BLG
C-187088 104 H/12 448800 6374260 macro E Ox BLG
C-187089 104 H/12 448800 6374280 macro E Ox BLG
C-187090 104 H/12 448800 6374300 macro E Ox BLG
C-187091 104 H/12 448800 6374320 macro E Ox BLG
C-90776 104 H/12 459380 6377350 amm; biv; bel lE o eM Ox BLG
C-88200 104 H/1 558754 6337973 amm; biv lE Ox BLG
C-116894 104 H/7 504574 6362186 amm; biv; bel lE Ox BLG
O-9318 104 H/8 532580 6363620 biv L Ox BLG
C-103426 104 H/7 528000 6358530 biv L Ox BLG
C-177834 104 H/6 482703 6345498 biv L Ox o E Kim BLG
C-90652 104 H/11 474050 6393250 biv; bel L Ox t Kim BLG
C-175618 104 H/5 464066 6354682 amm; biv; scap E Kim BLG
C-116255 104 H/10 516580 6392740 pal L Kim o yngr TCF
C-90716 104 H/10 500070 6377930 bel J o K Toar t E Apt SF
C-101224 104 H/6 487780 6366880 biv; bel J o K Toar t E Apt BLG
C-88112 104 H/8 538737 6355971 amm; biv J o K BLG
C-88185 104 H/7 523369 6351755 amm; biv J o K BLG
C-88187 104 H/7 523464 6351571 amm J o K BLG
C-90663 104 H/7 508250 6371240 macro J o K SF
C-127482 104 H/12 449300 6381000 amm J o K BLG
C-175641 104 H/3 487634 6337253 plan J o K BLG
O-37211 104 H/5 457900 6346900 biv J t E K BLG
C-201690 104 H/2 510812 6330361 pal J t E K BLG
C-201883 104 H/2 520400 6326600 pal J t E K BLG
C-201884 104 H/2 518780 6323250 pal J t E K BLG
C-175622 104 H/6 476630 6360870 pal J t eL K BLG
C-88193 104 H/1 559570 6345400 rad J t K J SF
C-175623 104 H/6 476863 6360449 pal J t K BLG
C-175626 104 H/6 477914 6357374 pal J t K BLG
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C-175659 104 H/4 451877 6338829 pal J t K BLG
C-175713 104 H/5 464323 6372675 pal J t K BLG
C-175718 104 H/15 515455 6414555 pal J t K BPF
C-177833 104 H/6 481145 6345139 biv L J o E K BLG
C-175728 104 H/5 448527 6350561 pal L J t E K BLG
C-175730 104 H/5 451182 6348400 pal L J t E K BLG
C-175656 104 H/4 449023 6339455 pal L J t K BLG
C-175711 104 H/12 458356 6387044 pal L J t K BLG
C-175734 104 H/5 452193 6348332 pal L J t K BLG
C-175736 104 H/5 452987 6346655 pal L J t K BLG
C-175732 104 H/5 451507 6348936 pal L J t L K BLG
C-175698 104 H/12 451040 6391340 pal Port t Ber BLG
C-175687 104 H/4 451115 6323067 biv Tit o Ber BLG
C-175688 104 H/4 451115 6323067 biv Tit o Ber BLG
C-201691 104 H/2 510788 6330267 pal K o yngr BLG
C-201692 104 H/2 517244 6318888 pal E K BLG
C-177842 104 H/11 496216 6396816 pal Barr t E Alb TCF
C-112032 104 H/14 490520 6401250 pal Barr t EoM Alb TCF
C-112033 104 H/14 490520 6401250 pal Barr t EoM Alb TCF
C-137470 104 H/11 493100 6399100 pal Barr t EoM Alb TCF
C-137477 104 H/11 493500 6399200 pal Barr t EoM Alb TCF
C-116479 104 H/8 552670 6358000 pal E Alb o older BLG
C-116480 104 H/8 552660 6358050 pal E Alb o older BLG
C-193913 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-193914 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-193915 104 H/8 540770 6366420 pal M Alb o yngr TCF
C-302430 104 H/16 550820 6394720 pal M Alb o yngr TCF
C-116258 104 H/10 517090 6393200 pal M o L Alb TCF
C-116262 104 H/10 517000 6394090 pal M o L Alb TCF
C-116481 104 H/8 552650 6358080 pal L Alb o Cen TCF
C-116482 104 H/8 552650 6358130 pal L Alb o Cen TCF
C-193918 104 H/8 552120 6360620 pal L Alb o Cen TCF
C-193929 104 H/9 552650 6358102 pal L Alb o Cen TCF
C-193930 104 H/9 552650 6358103 pal L Alb o Cen TCF
C-116265 104 H/10 517180 6394660 pal L Alb o yngr TCF
C-116268 104 H/10 517260 6394680 pal L Alb o yngr TCF
C-193916 104 H/8 540770 6366420 pal L Alb t Cen TCF
C-193917 104 H/8 540770 6366420 pal L Alb t Cen TCF
C-116269 104 H/10 517400 6395100 pal Con TCF
C-116270 104 H/10 517310 6395300 pal Con TCF
C-116271 104 H/10 517280 6395470 pal Con TCF
C-116272 104 H/10 517300 6395500 pal Con TCF
C-112036 104 H/14 499320 6404620 pal Con t San TCF
C-137351 104 H/10 517800 6394725 pal Con o yngr TCF
C-137353 104 H/10 517840 6394730 pal Con o yngr TCF
C-137355 104 H/10 517860 6394740 pal Con o yngr TCF
C-137541 104 H/10 517000 6394750 pal Con o yngr TCF
C-137546 104 H/10 517150 6394775 pal Con o yngr TCF
C-137385 104 H/10 518030 6394810 pal San o yngr TCF
C-137393 104 H/10 518110 6394880 pal San o yngr TCF
C-137547 104 H/10 517300 6395500 pal Camp E Camp TCF
C-137554 104 H/10 517300 6395500 pal Camp E Camp TCF
C-112037 104 H/14 497700 6406700 pal E t eL Camp BPF
C-116273 104 H/10 517320 6395580 pal E t eL Camp TCF
C-116274 104 H/10 517330 6395650 pal E t eL Camp TCF
C-116275 104 H/10 517360 6395750 pal E t eL Camp TCF
C-116276 104 H/10 517380 6395800 pal E t eL Camp TCF
C-137469 104 H/10 518475 6395300 pal E t eL Camp TCF
C-112041 104 H/14 491420 6409620 pal L Camp E o M Camp BPF
C-116280 104 H/10 516250 6396800 pal L Camp BPF
C-116282 104 H/10 515900 6397250 pal L Camp BPF
C-116283 104 H/10 515680 6397550 pal L Camp BPF
C-116285 104 H/10 515470 6398650 pal L Camp BPF
C-137478 104 H/10 518600 6395350 pal L Camp BPF
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C-137530 104 H/10 519000 6397000 pal L Camp BPF
C-137555 104 H/10 516450 6396830 pal L Camp BPF
C-137578 104 H/10 515560 6398900 pal L Camp BPF
C-160522 104 H/10 517200 6395830 pal L Camp TCF
C-193904 104 H/8 542830 6369950 pal L Camp TCF
C-193906 104 H/8 542850 6369980 pal L Camp TCF
C-193910 104 H/8 542910 6370140 pal L Camp TCF
C-193911 104 H/8 542920 6370160 pal L Camp TCF
C-137398 104 H/10 518140 6394900 pal E Camp o yngr TCF
C-112039 104 H/14 497710 6414680 pal E Maas BPF
C-116854 104 H/8 540357 6369202 plan L K TCF
C-87707 104 H/13 447600 6428270 icth Phan Pc/Pv
C-87709 104 H/13 451150 6427560 con Phan Pc/Pv
C-88156 104 H/7 529200 6370200 con Phan clastS
C-88157 104 H/7 529200 6370200 con Phan clastS
C-88158 104 H/7 529200 6370200 biv Phan clastS
C-88159 104 H/7 529200 6370200 biv; con Phan STU
C-102912 104 H/14 480400 6404440 icth Phan Sclast
C-102928 104 H/14 481490 6405340 icth Phan Sclast
C-116437 104 H/14 484386 6403541 icth Phan clastTJ
C-116442 104 H/11 491397 6398350 icth Phan clastH
C-175685 104 H/4 450336 6325359 icth Phan BLG
C-175690 104 H/4 452142 6320823 fora; icth Phan BLG
C-177801 104 H/12 440707 6395127 icth Phan clast
C-202652 104 H/13 451670 6427290 icth Phan Pc/Pv
C-202653 104 H/13 453700 6416240 icth Phan Pc/Pv
C-102910 104 H/13 449650 6405850 con Perm PclastS
C-103582 104 H/11 497800 6391700 rad L Carn t E Nor cclastB
C-116296 104 H/14 483650 6404780 biv L Nor STU
C-116295 104 H/14 483840 6404170 biv Tr STU
C-116445 104 H/11 488960 6395113 biv; gas; cor Tr clastH
C-117114 104 H/14 477670 6400920 macro L Tr STU
C-175695 104 H/12 446986 6392320 amm; biv; brac Tr o E J STU
C-88103 104 H/11 494047 6373094 amm; bel J SF
C-88105 104 H/11 494820 6392655 amm J BLG
C-88205 104 H/7 510600 6355050 biv J BLG
C-116293 104 H/14 479650 6409560 biv; brac E J HG
C-116298 104 H/14 480550 6409370 biv E J HG
C-116447 104 H/11 489659 6397700 biv; gas Plie CFV
C-175601 104 H/10 502297 6395616 amm E Plie CFV
C-101244 104 H/9 532420 6375290 amm; biv E Plie o L Sin BLG
C-88152 104 H/10 500870 6396400 amm L Plie CFV
C-175696 104 H/12 447638 6392398 amm M Toar t Cal SF
C-90662 104 H/7 508010 6371630 biv M Toar t E Ox SF
C-90651 104 H/11 472100 6397650 amm; biv Toar t M J BLG
C-88120 104 H/1 537144 6344900 amm; biv M J BLG
C-117275 104 H/10 519250 6391920 biv; bel M J BLG
C-175636 104 H/6 480398 6352904 biv M J BLG
C-175680 104 H/6 498777 6347609 biv M J BLG
C-117224 104 H/11 496300 6396690 amm Aal CFV
C-175741 104 H/6 477509 6366751 biv M J o Ox BLG
C-175620 104 H/5 466708 6365284 biv Baj t Cal BLG
O-93357 104 H/8 533300 6368180 amm Bat BLG
C-81620 104 H/9 531322 6374161 amm; biv Bat BLG
C-103443 104 H/11 498120 6382200 macro Bat BLG
C-116853 104 H/8 539968 6365826 amm Bat o Cal BLG
C-175721 104 H/5 452495 6357067 amm Bat t M Ox BLG
C-116895 104 H/7 504595 6362064 amm; biv Bat t Ox BLG
C-88106 104 H/11 496250 6388381 amm; bel L Bat BLG
C-88136 104 H/11 479006 6376665 amm L Bat o Cal BLG
C-88101 104 H/11 493148 6373525 amm; bel L Bat o E Cal SF
C-88131 104 H/11 471682 6391812 amm; biv L Bat o E Cal BLG
C-177890 104 H/12 442410 6381300 biv L Bat o E Cal BLG
C-116872 104 H/7 515130 6370382 amm; bel L Bat t M Cal BLG
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C-88111 104 H/11 488900 6384720 amm; plan Cal BLG
C-116873 104 H/7 515681 6371212 biv Cal BLG
C-177874 104 H/12 445800 6381730 amm; biv Cal BLG
C-187060 104 H/12 443210 6380560 macro Cal BLG
C-90791 104 H/12 455720 6387150 amm; biv; bel;

brac
E Cal BLG

C-101240 104 H/9 530334 6377501 amm; biv; bel;
gas; crin

E Cal BLG

C-116851 104 H/8 534629 6367805 amm; plan E Cal BLG
C-177884 104 H/12 442650 6380050 amm; biv E Cal BLG
C-90780 104 H/12 458050 6376440 amm; bel E Cal o M Cal BLG
C-175697 104 H/12 450875 6393296 amm; biv E Cal o M Cal BLG
C-116859 104 H/7 519561 6366690 amm; bel E Cal t M Cal BLG
C-90783 104 H/12 457680 6387300 biv; gas E Cal t M Ox BLG
C-90788 104 H/12 456210 6385980 amm; biv; scap E Cal t M Ox BLG
C-81619 104 H/9 532446 6375128 amm; biv E o M Cal BLG
C-88203 104 H/7 519700 6368500 amm E o M Cal BLG
C-88211 104 H/11 493100 6392210 amm; biv; bel;

brac; trac
E o M Cal BLG

C-177864 104 H/12 440435 6384850 amm E o M Cal BLG
C-175611 104 H/5 448472 6365760 biv; gas lE Cal t M Ox BLG
C-175612 104 H/5 446198 6366489 biv lE Cal t M Ox BLG
C-175619 104 H/6 470068 6369641 amm; biv; brac lE Cal t M Ox BLG
C-116886 104 H/7 512460 6355914 biv; bel Cal o E Ox BLG
C-177876 104 H/12 444520 6379250 amm; biv Cal o E Ox BLG
C-175676 104 H/6 497943 6350787 biv Cal o Ox BLG
C-177889 104 H/12 442760 6380580 biv Cal t E Ox BLG
C-175609 104 H/5 453140 6364474 amm; biv Cal t M Ox BLG
C-175621 104 H/5 466041 6364518 amm; biv Cal t M Ox BLG
C-177869 104 H/12 447300 6383300 biv; bel Cal t M Ox BLG
C-90777 104 H/12 460120 6378280 amm; biv; scap;

bel
M Cal BLG

C-101246 104 H/9 531583 6374480 amm; biv; trac M Cal BLG
C-116862 104 H/7 520658 6367851 amm; biv M Cal BLG
C-187057 104 H/12 443850 6380600 macro M Cal BLG
C-187058 104 H/12 443200 6380660 macro M Cal BLG
C-177877 104 H/12 444550 6379290 biv M Cal t E Ox BLG
C-175628 104 H/6 478428 6355886 biv M Cal t M Ox BLG
C-175630 104 H/6 479034 6355148 biv M Cal t M Ox BLG
C-88174 104 H/6 490834 6363136 biv M o L J BLG
C-116893 104 H/7 505146 6364201 amm M o L J BLG
C-116896 104 H/11 493455 6373054 amm M o L J SF
C-127483 104 H/12 449300 6381000 amm M o L J BLG
C-177891 104 H/12 443320 6379770 biv M o L J BLG
O-28919 104 H/3 478000 6334500 biv M t L J BLG
C-88172 104 H/6 490704 6363304 biv; bel mL J o lL J BLG
C-201712 104 H/2 516620 6319880 pal L J BLG
C-88115 104 H/8 537314 6354239 biv; bel Ox BLG
C-90778 104 H/12 459040 6377260 amm; biv Ox BLG
C-175723 104 H/5 448318 6360707 biv Ox BLG
C-175745 104 H/6 477685 6365338 biv Ox BLG
C-187062 104 H/12 444720 6379080 macro Ox BLG
C-88117 104 H/8 534913 6354342 biv; bel E Ox BLG
C-116477 104 H/1 547074 6343773 biv E Ox BLG
C-88149 104 H/6 489984 6363584 biv E o M Ox BLG
C-88177 104 H/1 542961 6337618 biv E o M Ox BLG
C-88178 104 H/1 542987 6337356 biv E o M Ox BLG
C-88180 104 H/1 542730 6341450 biv E o M Ox BLG
C-88181 104 H/1 543083 6339277 biv E o M Ox BLG
C-88182 104 H/1 542754 6338920 biv E o M Ox BLG
C-88184 104 H/1 542814 6338326 biv E o M Ox BLG
C-90784 104 H/12 457550 6383770 amm; biv E o M Ox BLG
C-175742 104 H/6 478231 6365525 biv E o M Ox BLG
C-177875 104 H/12 443000 6381100 biv; bel E o M Ox BLG
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C-177888 104 H/12 442250 6381330 biv E o M Ox BLG
O-16220 104 H/2 518600 6327400 biv M Kim t E Port BLG
C-175683 104 H/4 449717 6326068 amm; biv; bel Tit o Ber BLG
C-175691 104 H/4 450594 6318650 amm; biv Tit o Ber BLG
C-177811 104 H/3 470662 6343987 biv L J o E K BLG
C-116891 104 H/7 508950 6353350 plan L J t E K BLG
C-116256 104 H/10 516650 6392960 pal E K TCF
C-175689 104 H/4 450367 6321295 biv; bel Ber BLG
C-116493 104 H/15 516310 6423500 pal L Alb o E Cen TCF
C-193931 104 H/9 552650 6358104 pal L Alb o Cen TCF
C-193932 104 H/9 552649 6358106 pal L Alb o Cen TCF
C-193933 104 H/9 552649 6358107 pal L Alb o Cen TCF
C-193934 104 H/9 552648 6358108 pal L Alb o Cen TCF
C-193935 104 H/9 552648 6358110 pal L Alb o Cen TCF
C-193936 104 H/9 552648 6358112 pal L Alb o Cen TCF
C-193938 104 H/9 552647 6358116 pal L Alb o Cen TCF
C-193941 104 H/9 552647 6358120 pal L Alb o Cen TCF
C-112034 104 H/14 493300 6406200 pal M o L Alb TCF
C-112035 104 H/14 494140 6405770 pal M o L Alb TCF
C-112040 104 H/14 492450 6407400 pal M o L Alb TCF
C-116259 104 H/10 517140 6393380 pal M o L Alb TCF
C-137531 104 H/10 516250 6394150 pal M o L Alb TCF
C-137540 104 H/10 516425 6394050 pal M o L Alb TCF

Index 2 (cont.)

Chemical analyses of major and trace elements were
obtained for 118 samples (Table A2-1a, b). Of these, 100
were collected by D.J. Thorkelson in 1986 and 1987 from vol-
canic rocks in Spatsizi River (NTS 104 H) map area, mainly
from the area between Griffith Creek and Klappan River. Of
the remaining 18, 12 were provided by M.G. Mihalynuk from
his Master’s thesis area in the eastern Terrace (NTS 103-I)
map-area, and six were donated by L.J. Diakow from his
Ph.D. thesis area in the Toodoggone River (NTS 94 E) map
area. The sample contributions by Mihalynuk and Diakow,
geologists with the British Columbia Geological Survey
Branch, are gratefully acknowledged.

Samples were prepared for analysis at the GSC by
1) crushing of fist-size specimens to chips in a metal jaw
crusher, and 2) pulverization of rock chips to fine powder in a
ceramic grinder (‘paint shaker’). Exceptions are the samples
donated by Mihalynuk and Diakow which were already in
powder form.

Analysis of all elements was carried out at the geochemi-
cal laboratories of the GSC in Ottawa, Canada, except for that
of Nb, Sc, Th, and U; Nb was determined by inductively cou-
pled plasma emission spectrometry (ICPes) at X-ray Assay
Laboratories of Don Mills, Ontario, and Sc, Th, and U were
measured by instrumental neutron activation analysis (INAA)
by Bondar Clegg of Ottawa, Ontario. The techniques used by
the GSC were: wavelength-dispersive X-ray fluorescence

spectrometry (XRF) of glass disks to determine all the major
oxides plus Ba, Rb, Sr, and Zr; and ICP for Co, Cr, Cu, Ni, V,
Zn, La, Ce, Nd, Sm, Eu, Gd, Dy, Y, and Yb. Analyses at the
GSC were performed in three different batches or analytical
‘runs’. Runs 1, 2, and 3 were made in 1987, 1988, and 1990,
respectively.

Three factors concerning the validity of the analyses are
1) contamination by grinding, 2) analytical precision and con-
sistency among analytical runs, and 3) accuracy. The first two
points are explored graphically in Figures A2-1a to A2-1t,
based on data in Table A2-2; estimates of analytical precision
are listed in Table A2-3. Accuracy with reference to standard
samples is presented in Table A2-4.

The possibility of sample contamination by grinding
apparatus was discussed by Hickson and Juras (1986). They
indicated that grinding in ceramic was likely to contaminate
rock samples with a variety of elements. To address this con-
cern, fractions of 14 specimens in the form of rock chips were
ground in agate at X-Ray Assay Laboratories (Hickson and
Juras (1986) identified agate as the grinding material least
likely to contaminate). The fractions ground in agate were
then submitted for analysis along with fractions of the same
samples ground in ceramic. The analyses of both fractions are
given in Table A2-2, where agate-ground and ceramic-
ground values from the same analytical run (run 3) are given
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in the bottom two rows of each chemical component. This
information is displayed graphically for major oxides and
selected trace elements in Figures A2-1a to A2-1t.

In Figures A2-1a to A2-1t, data from three analytical runs
are used to evaluate contamination and precision. The
abscissa is used for analyses of ceramic-ground samples in
run 3 (‘ceramic, 3’). The ordinate is used for analyses of
agate-ground samples from run 3, as well as for values
obtained from the two previous runs of ceramic-ground sam-
ples. Open squares are used for data points which represent
analyses of ceramic-ground fractions plotted against those of
agate-ground fractions of the same run (run 3). The middle
line of the three lines shown on each graph is one of unity,
with a slope of 1 and an ordinate intercept of 0. Thus, if the
reported concentration of a given component in a
ceramic-ground fraction is identical to that reported for its
agate-ground counterpart, the data point will lie precisely on
the line of unity. Similarly, if the degree of contamination by
grinding in ceramic is insignificant, the data points will tend
to scatter evenly about the line of unity (the amount of scatter
being dependent on the analytical precision). Conversely, if
the fractions ground in ceramic were systematically enriched
in a given component during the grinding process, the data
points will tend to scatter to the right of the line of unity.

Overall, scatter caused by contamination appears to be
slight, and indistinguishable from that due to analytical
uncertainty. Possible exceptions are suggested by Figures
A2-1q, A2-1s, and A2-1t (La, Gd, Dy), where distribution of
the squares is very slightly displaced toward higher ‘ceramic,
3’ values; however, even in these cases, most of the data
points are scattered closely about the line of unity and system-
atic contamination is not indicated. Importantly, not even
Al2O3, a principal constituent in the ceramic material, shows
systematically higher contents for the ceramic-ground frac-
tion (Fig. A2-1c). Three samples ground in agate show higher
levels of Al2O3, perhaps caused by ‘cross-contamination’
among samples during grinding or handling. Contamination
of agate-ground samples also seems to be indicated by a few
scattered points in some of the other major-element diagrams.

Analytical precision, and consistency among the three
analytical runs, are also evaluated in Figures A2-1a to A2-1t.
On each graph, the pair of lines which bound the line of unity
represent an envelope of analytical precision at about the
2 standard error (95% confidence) level. The envelope, for
most components, encloses most or all of the data points
(crosses and plus-signs represent data from run 3 plotted
against those of runs 1 and 2, respectively). The envelopes are

described by the values of absolute and relative uncertainty
listed in Table A2-3, parameters which have been visually
established by trial-and-error computer iterations. In most
cases, the levels of either or both of the parameters have been
increased from the values suggested by the GSC, and in no
case have they been decreased. Because the envelopes
enclose data from three different runs, they are a measure of
not only ‘machine drift’ and other errors inherent in a single
set of analyses, but also of changes in calibration and analyti-
cal technique from year to year.

The concentrations of four elements, Zr, Co, V, and Cr,
were found to be systematically higher in run 2 than in runs 1
and 3 (V: Figure A2-1o; Zr: Figure A2-1m). The difference
was particularly striking for Zr, whose concentrations from
run 2 were almost double those from the other runs. In order to
compensate for this systematic variability, the concentrations
of Zr, Co, V, and Cr, for analyses of run 2, were reduced by
45%, 13%, 13%, and 10% respectively. Using the reduced
values, the data points scattered nearly evenly about the lines
of unity, within the envelopes of uncertainty (Fig. A2-1p and
A2-1t).

Samples of five internationally recognized geochemical
standards were run along with the other samples, and the
results are given in Table A2-4. The first row of each compo-
nent gives the concentration measured in the analysis. The
second row lists the ‘expected’ value (‘certified’ or prelimi-
nary standard value) as given in Abbey (1983). The third row
is the difference (measured-expected), and the fourth is the
2 standard error uncertainty in the measured value. In most
cases, the difference was less than the precision. The ele-
ments which seem to have been analyzed least accurately are
the transition metals Co, Cr, Cu, Ni, V, Zn, and Sc, the mea-
sured values of which are generally lower than expected by
5–15%.
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Figure A2-1. Graph of major oxides and selected trace elements
for 14 rock samples (Table A2-2), illustrating analytical
uncertainty, variability among analytical runs, and the
absence of significant contamination by grinding. The
abscissa is used for analyses from the third analytical run of
fractions ground in ceramic (ceramic, 3). The ordinate is
used for analyses of different fractions of the same sample
which had been either analyzed in a different run (ceramic, 1;
ceramic, 2), or ground in agate (agate, 3). See text and
Table A2-2 for details.
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Samples

Grinding 86- 86- 86- 86- 86- 87- 87- 87- 87- 87- 87- 87- 87- 87-
material and run 7-2 18-2 38-5 44-5 80-4 34-2 40-3 74-2 88-2 97-5 139-2 221-3 226-7 231-2

ceramic 1 50.4 54.2 52.3 49.8 75.6 – – – – – – – – –
SiO2 ceramic 2 – – – – – 56.3 53.6 51.4 50.0 53.2 51.4 56.9 61.5 51.2

agate 3 50.2 53.8 52.0 49.1 75.8 56.2 53.6 51.0 50.6 53.0 51.0 56.6 61.9 51.1
ceramic 3 50.3 54.1 52.1 49.4 75.7 56.2 53.4 50.9 49.7 52.8 51.2 56.9 62.5 50.7

ceramic 1 1.20 1.75 1.08 0.96 0.20 – – – – – – – – –
TiO2 ceramic 2 – – – – – 1.03 1.12 1.03 1.02 1.23 1.07 0.72 0.60 0.81

agate 3 1.18 1.74 1.08 0.95 0.17 1.06 1.14 0.99 0.98 1.24 1.08 0.73 0.58 0.86
ceramic 3 1.19 1.74 1.06 0.95 0.16 1.05 1.13 1.00 1.01 1.24 1.10 0.71 0.57 0.82

ceramic 1 20.1 16.7 20.7 16.3 11.1 – – – – – – – – –
Al2O3 ceramic 2 – – – – – 18.0 18.4 18.0 14.9 17.1 16.7 14.7 18.0 14.3

agate 3 20.0 16.8 20.6 16.5 11.2 18.2 18.6 18.4 16.8 17.3 17.3 15.6 17.8 16.1
ceramic 3 20.1 16.8 20.8 16.5 11.3 18.3 18.4 18.6 14.9 17.3 17.2 14.8 17.7 14.6

ceramic 1 9.6 10.5 7.1 8.3 2.8 – – – – – – – – –
FeO* ceramic 2 – – – – – 8.3 9.6 9.3 11.3 9.7 9.6 8.4 6.3 9.0

agate 3 9.6 10.1 7.3 8.1 2.7 8.1 9.4 9.0 10.7 9.4 9.3 8.0 5.9 8.9
ceramic 3 9.5 10.5 7.0 8.2 2.7 8.0 9.4 9.0 11.2 9.6 9.2 8.2 5.8 8.9

ceramic 1 0.34 0.26 0.41 0.31 0.06 – – – – – – – – –
MnO ceramic 2 – – – – – 0.16 0.30 0.17 0.24 0.16 0.21 0.15 0.13 0.22

agate 3 0.34 0.28 0.40 0.32 0.06 0.16 0.29 0.17 0.21 0.15 0.19 0.15 0.13 0.20
ceramic 3 0.33 0.25 0.39 0.30 0.06 0.16 0.30 0.17 0.24 0.16 0.20 0.14 0.11 0.22

ceramic 1 4.2 3.6 5.0 7.6 0.2 – – – – – – – – –
MgO ceramic 2 – – – – – 3.1 5.3 5.5 5.8 4.2 6.1 6.9 1.7 8.0

agate 3 4.3 3.9 5.3 7.2 0.2 3.1 5.2 5.6 4.6 4.1 6.0 6.6 1.7 6.9
ceramic 3 4.2 3.6 5.0 7.4 0.3 3.1 5.3 5.6 5.9 4.2 6.0 6.9 1.7 8.1

ceramic 1 9.5 4.8 8.0 12.5 1.5 – – – – – – – – –
CaO ceramic 2 – – – – – 6.8 3.6 10.4 10.3 9.1 10.6 5.1 4.3 11.3

agate 3 9.5 5.2 8.0 13.3 1.4 6.7 3.4 10.5 8.4 9.1 10.6 4.6 4.1 9.7
ceramic 3 9.5 4.8 8.0 12.9 1.4 6.7 3.6 10.5 10.3 9.2 10.6 5.1 4.1 11.3

ceramic 1 3.3 5.9 4.0 1.6 1.5 – – – – – – – – –
Na2O ceramic 2 – – – – – 3.9 5.0 2.5 2.8 3.2 2.7 2.3 3.7 2.1

agate 3 3.4 5.8 4.1 1.9 1.4 4.1 5.2 2.6 3.5 3.4 2.9 2.5 3.9 2.6
ceramic 3 3.4 5.9 4.1 1.7 1.4 4.1 5.3 2.6 3.0 3.4 2.9 2.4 3.8 2.2

ceramic 1 1.10 1.76 1.12 2.38 7.06 – – – – – – – – –
K2O ceramic 2 – – – – – 2.04 2.79 1.36 3.14 1.81 1.29 4.46 3.53 2.79

agate 3 1.13 1.78 1.07 2.40 7.05 2.15 2.93 1.47 3.70 1.85 1.36 4.78 3.61 3.26
ceramic 3 1.10 1.74 1.09 2.37 7.09 2.19 2.80 1.46 3.22 1.80 1.36 4.44 3.55 2.86

ceramic 1 0.30 0.52 0.30 0.27 0.02 – – – – – – – – –
P2O5 ceramic 2 – – – – – 0.29 0.32 0.23 0.49 0.31 0.27 0.35 0.26 0.33

agate 3 0.30 0.52 0.30 0.29 0.02 0.31 0.32 0.22 0.48 0.33 0.29 0.36 0.25 0.38
ceramic 3 0.30 0.51 0.30 0.29 0.02 0.32 0.31 0.22 0.48 0.31 0.28 0.34 0.26 0.32

–  no data

Table A2-2. Concentrations of major and trace elements obtained from three analytical runs at the geochemical
laboratories of the Geological Survey of Canada in Ottawa, Ontario; run 1: 1987; run 2: 1988; run 3: 1990. Grinding
of rock chips to powder was done in ceramic by the GSC, and in agate by X-ray Assays Laboratories. Crushing of
rocks to rock chips was done with a metal jaw crusher at the GSC.

The concentrations of Zr, Co, Cr, and V from run 2 were found to be systematically higher than those from
runs 1 and 3. Adjusted values for each of these elements are given in additional rows; the percentage by which
these elements have been reduced is given in the ‘grinding material’ column.
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Samples

Grinding 86- 86- 86- 86- 86- 87- 87- 87- 87- 87- 87- 87- 87- 87-
material and run 7-2 18-2 38-5 44-5 80-4 34-2 40-3 74-2 88-2 97-5 139-2 221-3 226-7 231-2

ceramic 1 757 1474 423 704 514 – – – – – – – – –
Ba ceramic 2 – – – – – 808 1459 458 1105 721 665 1824 1496 866

agate 3 746 1554 385 678 501 787 1520 411 1245 664 633 1848 1513 930
ceramic 3 752 1473 419 669 538 789 1443 436 1064 695 602 1748 1482 836

ceramic 1 27 51 49 40 78 – – – – – – – – –
Rb ceramic 2 – – – – – 50 50 88 58 49 75 106 91 69

agate 3 20 28 29 49 93 45 48 37 60 42 30 112 88 67
ceramic 3 19 31 24 49 86 44 45 42 61 46 27 99 85 56

ceramic 1 643 547 449 261 53 – – – – – – – – –
Sr ceramic 2 – – – – – 550 437 493 1555 503 469 639 572 548

agate 3 741 621 489 315 46 595 455 509 1881 524 483 795 673 640
ceramic 3 742 634 490 306 46 582 461 521 1578 514 493 751 667 547

ceramic 1 68 150 75 49 360 – – – – – – – – –

Zr ceramic 2 – – – – – 161 148 104 170 152 122 166 187 107
  -45% 2 – – – – – 89 81 57 94 84 67 91 103 59
agate 3 52 157 87 56 442 111 108 58 71 102 78 89 108 59

ceramic 3 56 156 84 55 423 109 111 57 67 106 80 83 111 54

ceramic 1 35 28 26 36 2 – – – – – – – – –
Co ceramic 2 – – – – – 25 32 35 39 30 38 31 16 37

  -13% 2 – – – – – 22 28 30 34 26 33 27 14 32
agate 3 27 27 26 36 2 16 25 25 28 21 27 24 12 27

ceramic 3 26 24 24 32 1 20 26 25 30 21 26 24 12 27

ceramic 1 76 20 54 380 21 – – – – – – – – –
Cr ceramic 2 – – – – – 26 33 88 19 28 61 180 17 240

  -10% 2 – – – – – 23 30 79 17 25 55 162 15 216
agate 3 20 14 54 340 15 10 26 72 8 17 43 120 12 150

ceramic 3 21 14 53 340 14 14 27 58 9 18 41 150 13 210

ceramic 1 55 45 48 53 15 – – – – – – – – –
Cu ceramic 2 – – – – – 90 55 32 130 35 28 81 31 130

agate 3 26 30 38 44 14 51 39 11 100 12 7 55 19 84
ceramic 3 32 29 36 42 10 51 38 11 100 16 16 59 19 92

ceramic 1 34 10 18 130 6 – – – – – – – – –
Ni ceramic 2 – – – – – 15 26 19 13 11 20 22 0 39

agate 3 14 0 12 120 7 3 18 12 2 1 8 15 0 21
ceramic 3 12 0 10 110 1 5 19 7 5 1 10 17 0 25

ceramic 1 290 370 250 210 7 – – – – – – – – –
V ceramic 2 – – – – – 260 230 270 320 280 320 230 110 260

  -13% 2 – – – – – 226 200 235 278 244 278 200 96 226
agate 3 260 350 260 210 10 220 200 240 290 260 290 200 100 220

ceramic 3 280 350 250 200 9 210 190 240 290 250 280 200 100 220

ceramic 1 110 140 380 78 53 – – – – – – – – –
Zn ceramic 2 – – – – – 80 280 83 83 93 86 72 70 71

agate 3 72 110 370 57 48 69 270 56 68 86 67 61 64 57
ceramic 3 75 110 350 52 45 75 270 56 65 79 67 63 64 53

ceramic 1 12 21 14 9.7 43 – – – – – – – – –
La ceramic 2 – – – – – 16 16 8.2 7.5 15 13 13 19 11

agate 3 11 18 14 10 43 15 15 7.4 7.5 15 13 12 15 12
ceramic 3 11 18 14 10 45 18 15 9.1 6.7 15 27 12 15 11

ceramic 1 25 44 28 22 87 – – – – – – – – –
Ce ceramic 2 – – – – – 35 34 19 18 33 28 26 38 25

agate 3 25 42 28 24 86 32 32 16 16 32 28 25 31 26
ceramic 3 23 39 28 23 92 39 32 20 15 32 61 25 31 23

–  no data

Table A2-2 (cont.)
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Samples

Grinding 86- 86- 86- 86- 86- 87- 87- 87- 87- 87- 87- 87- 87- 87-
material and run 7-2 18-2 38-5 44-5 80-4 34-2 40-3 74-2 88-2 97-5 139-2 221-3 226-7 231-2

ceramic 1 19 29 18 17 45 – – – – – – – – –
Nd ceramic 2 – – – – – 25 28 16 20 22 19 19 22 21

agate 3 17 21 12 7.2 36 28 30 23 66 35 19 16 16 16
ceramic 3 15 24 15 12 40 10 15 6.1 13 19 46 22 13 22

ceramic 1 3.8 5.1 3.1 2.6 8.5 – – – – – – – – –
Sm ceramic 2 – – – – – 4.3 4 2.9 3.2 4.9 4.1 3 3.4 3.2

agate 3 4.5 6.4 4.3 4.1 10 4.7 4.7 2.9 1.8 4.4 4.2 3.4 3.7 4
ceramic 3 4.5 6.6 4.4 4.3 10 5.5 4.7 3.6 3.4 4.9 7.2 3.6 4.2 4

ceramic 1 1.4 1.8 1.2 1.1 0.3 – – – – – – – – –
Eu ceramic 2 – – – – – 1.4 1.4 1.2 1.2 1.5 1.3 0.8 1.1 1.1

agate 3 1.5 1.8 1.3 1.3 0.4 1.4 1.5 1.1 1 1.5 1.4 0.9 1.1 1.3
ceramic 3 1.4 1.8 1.3 1.3 0.4 1.6 1.4 1.3 1.3 1.6 2.1 0.9 1.1 1.2

ceramic 1 4.4 6.5 4.1 3.5 9.7 – – – – – – – – –
Gd ceramic 2 – – – – – 4.7 4.4 3.9 4.5 4.8 4.4 3 3.4 3.8

agate 3 4.3 6.2 4 3.5 10 4.6 4.6 3.3 3.5 4.8 4.5 3.3 3.3 3.9
ceramic 3 4.3 6.5 4.4 3.5 10 4.7 4.2 3.5 4.2 5 5.8 3.2 3.2 3.7

ceramic 1 4.3 6.4 3.9 3.2 12 – – – – – – – – –
Dy ceramic 2 – – – – – 4.5 4.3 4.1 4.6 4.8 4.5 3.1 3.2 3.7

agate 3 4.2 6.1 4 3.4 11 4.5 4.4 3.6 3.7 4.8 4.4 3.2 3 3.7
ceramic 3 4.1 6.1 4.3 3.4 12 4.6 4.1 3.7 4.3 5 5.1 3.3 3.1 3.8

ceramic 1 22 35 19 16 73 – – – – – – – – –
Y ceramic 2 – – – – – 25 23 21 22 25 23 17 17 19

agate 3 24 35 23 18 75 26 25 21 21 28 26 19 18 22
ceramic 3 19 30 22 18 78 25 22 20 23 28 28 19 17 21

ceramic 1 2.2 3.2 1.7 1.5 8.5 – – – – – – – – –
Yb ceramic 2 – – – – – 2.6 2.4 2.2 2.3 2.6 2.5 1.8 2 2

agate 3 2.3 3.4 2.4 1.8 8.4 2.6 2.4 2.1 2.1 2.8 2.5 1.8 1.8 2.1
ceramic 3 1.6 2.4 2 1.8 8.6 2.6 2.3 2.1 2.3 2.9 2.6 1.9 1.8 2

–  no data

Table A2-2 (cont.)
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 Analytical precision Method
of

analysis
Absolute Relative (%)

SiO2 0.4 1
TiO2 0.03 1
Al2O3 0.4 1
FeO* 0.1 3

 Weight % MnO 0.01 2
MgO 0.1 2
CaO 0.2 2 XRF
Na2O 0.5 1
K2O 0.1 2
P2O5 0.02 1

Ba 20 10
Rb 20 2
Sr 20 15
Zr 20 10

Be 10 5
Co 5 5
Cr 10 5
Cu 10 5
Ni 10 5
V 5 5
Zn 5 5

ppm La 0.8 10
Ce 0.8 10 ICP
Nd 10 30
Sm 0.3 5
Eu 0.1 8
Gd 0.2 6
Dy 0.3 5
Y 1.5 8
Yb 0.3 10
Nb 1 5

Sc 0.4 5
Th 0.5 5 INAA
U 0.5 5

Table A2-3. Total uncertainty = absolute + relative % (approxi-
mately two standard errors). Absolute uncertainty given in per
cent for oxides, and parts per million for trace elements. All
analyses performed at the Geological Survey of Canada in
Ottawa, Ontario, except for Nb, which was analyzed by X-ray
Assay Laboratories, Don Mills, Canada, and Sc, Th, and U,
which were analyzed by Bondar-Clegg, Ottawa, Ontario. XRF
= X-ray fluorescence; ICP = inductively coupled plasma; INAA
= instrumental neutron activation analysis.
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International standards
AN-G BM GS-N BE-N BHVO-1

Meas 46.2 52.4 67.1 40.1
SiO2 Exp 46.3 49.5 66.0 38.4

Diff -0.1 2.9 1.1 1.7
2 SE 0.86 0.92 1.07 0.80

Meas 0.22 1.19 0.66 2.72
TiO2 Exp 0.22 1.14 0.68 2.62

Diff 0.00 0.05 -0.02 0.10
2 SE 0.032 0.042 0.037 0.057

Meas 29.8 17.2 15.2 10.4
Al2O3 Exp 29.8 16.2 14.7 10.1

Diff 0.0 1.0 0.5 0.3
2 SE 0.80 0.57 0.55 0.50

Meas 2.2 9.2 3.3 12.2
FeO* Exp 3.0 8.7 3.4 11.6

Diff -0.8 0.5 -0.1 0.6
2 SE 0.27 0.48 0.30 0.57

Meas 0.04 0.15 0.05 0.21
MnO Exp 0.04 0.14 0.06 0.20

Diff 0.00 0.01 0.00 0.01
2 SE 0.011 0.013 0.011 0.014

Meas 1.8 7.8 2.3 13.7
MgO Exp 1.8 7.5 2.3 13.2

Diff 0.0 0.3 0.0 0.5
2 SE 0.14 0.26 0.15 0.37

Meas 16.0 6.7 2.5 14.8
CaO Exp 15.9 6.5 2.5 13.9

Diff 0.1 0.2 0.0 0.9
2 SE 0.52 0.33 0.25 0.50

Meas 1.6 5.1 3.8 3.3
Na2O Exp 1.6 4.6 3.8 3.2

Diff 0.0 0.5 0.0 0.1
2 SE 0.52 0.55 0.54 0.53

Meas 0.1 0.2 4.7 1.5
K2O Exp 0.1 0.2 4.6 1.4

Diff 0.0 0.0 0.1 0.1
2 SE 0.10 0.10 0.19 0.13

Meas 0.02 0.11 0.28 1.09
P2O5 Exp 0.01 0.11 0.28 1.06

Diff 0.01 0.01 0.00 0.03
2 SE 0.020 0.021 0.023 0.031

Meas 97 282 1341
Ba Exp 34 260 1400

Diff 63 22 -59
2 SE 30 48 154

Meas 4 9 189
Rb Exp 1 13 190

Diff 3 -4 -1
2 SE 20 20 24

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

Clear UBC
quartz 84-327

99.2
100.0

-0.8
1.39

0.01
0.00
0.01
0.030

0.7
0.0
0.7
0.41

0.0
0.0
0.0
0.20

0.00
0.00
0.00
0.010

0.1
0.0
0.1
0.10

0.0
0.0
0.0
0.20

0.0
0.0
0.0
0.50

0.0
0.0
0.0
0.10

0.00
0.00
0.00
0.020

4 363
0 387
4 -24

20 56

34 21
0 16

34 6
21 20

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Table A2-4. Measured and expected values of chemical components of international standards, a
sample of optically clear quartz, and a basaltic andesite analyzed in 1985 by X-ray fluorescence at
the Department of Oceanography, University of British Columbia. Expected values for interna-
tional standards are from Abbey (1983). For each pair of measured and expected values, the dif-
ference has been calculated, and may be compared to the uncertainty of precision (approximately
two standard errors) for the measured value. Meas = measured value; Exp = expected value; Diff =
measured value - expected value; 2 SE = approximate 2 standard error uncertainty in measured
value. – = no data
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International standards
AN-G BM GS-N BE-N BHVO-1

Meas 79 249 662
Sr Exp 76 230 570

Diff 3 19 92
2 SE 32 57 119

Meas 13 108 265
Zr Exp 15 98 240

Diff -2 10 25
2 SE 21 31 47

Meas 22 36 63
Co Exp 25 34 65

Diff -3 2 -2
2 SE 6 7 8

Meas 44 110 56
Cr Exp 50 120 55

Diff -6 -10 1
2 SE 12 16 13

Meas 14 37 20
Cu Exp 19 45 20

Diff -5 -8 0
2 SE 11 12 11

Meas 30 52 26
Ni Exp 35 56 34

Diff -5 -4 -8
2 SE 12 13 11

Meas 56 180 59
V Exp 70 180 62

Diff -14 0 -3
2 SE 8 14 8

Meas 0 93 30
Zn Exp 20 115 48

Diff -20 -22 -18
2 SE 5 10 7

Meas 3 8 63
La Exp 2 9

Diff 1 -1
2 SE 1.1 1.6 7.1

Meas 6 19 120
Ce Exp 5 27

Diff 1 -8
2 SE 1.4 2.7 12.8

Meas 3 14 47
Nd Exp 2

Diff 1
2 SE 11 14 24

Meas 0.9 4.1 7.0

Sm Exp 0.7 3.7

Diff 0.2 0.4

2 SE 0.35 0.51 0.65

Meas 0.4 1.2 1.6

Eu Exp 0.4 1.1

Diff 0.0 0.1

2 SE 0.13 0.20 0.23

Meas 1.0 4.4 4.6

Gd Exp

Diff

2 SE 0.26 0.46 0.48

Clear UBC
quartz 84-327

0 695
0 666
0 29

20 124

12 116
0 118

12 -2
22 32

1 22
0
1
5 6

1 18
0 17
1 1

10 11

1 64
0
1

10 13

2 18
0 15
2 3

10 11

0 190
0 231
0 -41
5 15

0 61
0
0
5 8

0 12
0
0
0.8 2.0

1 28
0
1
0.9 3.6

1 19
0
1

10 16

0.0 4.6

0.0

0.0

0.30 0.53

0.0 1.4

0.0

0.0

0.10 0.21

0.0 4.2

0.0

0.0

0.20 0.45

–
–

–
–

–
–

–
–

–
–

–
–

–

–

–

–

–

–

–
–

–
–

–
–

–

–

–

–

–

–

–
–

–

–

–

–

– –
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–

–
–
–
–
–
–
–
–
–
–
–

–
–

–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–
–
–
–

–
–
–
–
–

–

–

–

–

–

–

–

–

–

–

–

–
–
–
–
–

–

–

–

–

–

–

–

–

–

–

–

Table 2-4 (cont.)
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International standards
AN-G BM GS-N BE-N BHVO-1

Meas 1.3 4.9 3.1

Dy Exp
Diff
2 SE 0.37 0.55 0.46

Meas 8 28 17
Y Exp 8 26

Diff 0 2
2 SE 1.9 2.9 2.4

Meas 0.8 2.5 1.5
Yb Exp 0.9 3.5

Diff 0.0 -1.0
2 SE 0.38 0.55 0.45

Meas 16
Nb Exp 19

Diff -3
2 SE 1.8

Meas 8 28
Sc Exp 10 34

Diff -2 -6
2 SE 0.8 1.8

Meas 0.2 2.6
Th Exp 3.0

Diff -0.4
2 SE 0.50 0.63

Meas 0.2 0.7
U Exp

Diff
2 SE 0.50 0.54

–
–

–
–
–
–

–
–

–
–

–
–

–
–
–
–

–
–

–
–

–
–

–
–

–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–

– –

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–

Clear UBC
quartz 84-327

0.2 3.9

0.0
0.2
0.31 0.50

0 23
0 23
0 0
1.5 2.7

0.0 2.1
0.0
0.0
0.30 0.51

4
5

-1
1.2

24

1.6

2.1

0.60

0.7

0.54

–
–

–
–

–
–

–
–

–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Table 2-4 (cont.)
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