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SCIENTIFIC AND TECHNICAL REPORTS
RAPPORTS SCIENTIFIQUES ET TECHNIQUES

1. UPPER TRIASSIC STRATIGRAPHY, DEASE LAKE AND
TULSEQUAH MAP AREAS, NORTHWESTERN BRITISH COLUMBIA

Project 750015

J.W.H. Monger
Cordilleran Geology Division, Vancouver

Monger, J.W.H., Upper Triassic stratigraphy, Dease Lake and Tulsequah map areas, northwestern
British Columbia; in Current Research, Part B, Geological Survey of Canada, Paper 80-1B,

p. 1-9, 1980.

Abstract

Upper Triassic volcanogenic strata in northwestern British Columbia comprise a lower sequence
of basic extrusives, volcaniclastics and sedimentary rocks, probably of Late Karnian age, and an
upper sequence of intermediate and locally acidic volcaniclastics that Is in part of Late Norian age.
In Tulsequah map area, proximal facies, extrusive and coarse grained volcaniclastics, lie to the
southwest, whereas distal facies, commonly finer grained and interbedded with shales, lie to the
northeast. This facies trend mirrors that of overlying Lower Jurassic clastic strata of the Whitehorse

Trough.

Introduction

This report describes the stratigraphy of mainly Upper
Triassic rocks in parts of Dease Lake (104 J) and Tulsequah
(104 K) map areas, and is the continuation of earlier work to
the east and southeast (Monger and Thorstad, 1978). The
work was carried out concurrently with Operation Dease
(Gabrielse, 1980) and Jurassic biostratigraphic studies by
H.W. Tipper.

Most earlier work in this region is of a reconnaissance
nature. Taku River area in Tulsequah map area was mapped
on a scale of 1 inch to 2 miles by Kerr (1948). Later Souther
(1971) mapped the whole of the Tulsequah map sheet on a
scale of 1:250 000, and recognized such major structural
discontinuities as the King Salmon Fault. Parts of Dease
Lake map area were studied by Kerr (1926), Hanson and
McNaughton (1936), and Watson and Mathews (1944). This
area was mapped at a scale of 1:250 000 by Gabrielse et al.
(1962) and the Cache Creek Group within it by Monger (1969).

The Triassic strata described below lie in three
different tectonostratigraphic terranes, separated by major
faults (Fig. 1.1). (1) To the southwest, the Stikine block
(or Stikinia) has dimensions of at least 1000 km along the
trend of the Cordillera and 300 km across it (see Fig. 1 of
Monger and Price, 1979). Triassic rocks described herein
from the Tulsequah area lie mainly on the northeastern
margin of Stikinia. They overlie upper Paleozoic to Middle
Triassic strata of the "Stikine assemblage" (Monger, 1977),
that were deformed, locally metamorphosed and probably
intruded by granitic rocks in the Tahltanian orogeny (Souther,
1971; Anderson, 1978). Disconformably (?) above the Triassic
strata are Lower Jurassic (Upper Pliensbachian to Middle
Bajocian) conglomerate, greywacke, and shale of the
Takwahoni facies of the Laberge Group, that form the
proximal part of the southeastern extension of the
Whitehorse  Trough  (Souther, 1971;  Tipper, 1978).
(2) Northeast, across the King Salmon Fault, is the Hinterland
Belt, which is characterized by high strain and by structures
directed dominantly southwestward in this region (Wheeler
and Gabrielse, 1972; Monger et al., 1978). It consists of two
elements, locally separated by the Nahlin Fault. A southerly
one, the distal part of the southeastern extension of the
Whitehorse Trough (Souther, 1971), contains Lower Jurassic
shale and siltstone, the Inklin facies of the Laberge Group,

uppermost Triassic carbonate of the Sinwa Formation,
probable Upper Triassic volcaniclastics, and local, fault-
bounded slices of the Cache Creek Group. The northern
element comprises highly deformed Mississippian to probable
Middle Triassic strata of the Cache Creek Group, forming the
Atlin  Terrane. (3) Northeasternmost is the Omineca
Crystalline Belt, at these latitudes composed of variably
metamorphosed lower Paleozoic and Proterozoic
miogeoclinal strata, upper Paleozoic and lower Mesozoic
volcanic and sedimentary rocks, and Cretaceous granitic
rock. Upper Triassic volcanogenic strata of the Nazcha and
Shonektaw formations, discussed herein, together with
Laberge-like greywacke, form a narrow belt separated from
the Hinterland Belt to the south by a major fault, and have
unknown relationships to older strata to the north (Gabrielse,
1978; and personal communication).

Tulsequah Map Area

Triassic strata were examined in an area on both sides
of the Taku River (Fig. 1.1, 1.2), between Sutlahine River and
Tunjony Lake (Fig. 1.1, T), and west of Sheslay River
(Fig. 1.1, S).

Most strata examined in the Taku River area lie south
of the King Salmon Fault. Southerly exposures, south of
Mount Jeanne, near Stuhini Creek and south of Shustahini
Mountain are sparsely fossiliferous massive volcaniclastics
and flows whose internal stratigraphy is poorly understood.
Northern exposures, well developed along the faulted
anticline between Honakta Mountain and Mount Lester Jones
(Fig. 1.2), are well stratified, have contrasting lithologies
and diagnostic fossils, and thus readily provide reference
sections.

The lowest sequence in the core of the anticline north
of Mount Lester Jones (Fig. 1.2, Section 2) typically consists
of thin bedded graded argillite, siltstone and bedded lithic
tuff about 1000 m thick (Fig. 1.3a, b). In its lower part are
lenses of dark grey-green pillow basalt (Fig. 1.3g), locally
with small feldspar phenocrysts, lapilli tuff, and massive
breccia beds containing clasts up to 30 cm across of mainly
basic feldspar porphyry and rare fragments of coralline
Iimestone. The base of the sequence is not exposed. At the
top of the section is black, calcareous shale and local thin
bedded argillaceous limestone containing halobiid clams,
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belemnites and ammonites, whose age, according to
E.T. Tozer (personal communication), is Late Karnian
(Welleri zone). The unit comprises most of the King Salmon
Group of Kerr (1948), which Souther (1971) redefined as a
formation within the Stuhini Group. The writer concurs with
this change.

Above the predominantly fine grained rocks is a
sequence transitional to the uppermost coarse grained
volcaniclastic sequence and inciuded by Kerr (1948) in the
upper part of his King Salmon Group. It consists of at least
five massive breccia and conglomerate units interbedded with
shale and siltstone beds containing small halobiid clams and
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belemnites (Fig. [.3c, d). The total thickness is about 700 m,
with individual coarse clastic units ranging from 30 to 100 m.
The massive beds have little apparent internal structure,
variable proportions of sandy matrix to cobbles and boulders,
and any internal layering is generally apparent only from a
distance. The bases of some massive units locally contain
contorted argillite and siltstone fragments apparently derived
from underlying beds, and one unit appears to cut down
markedly into the underlying shale (Fig. 1.3c). The coarse
grained units are interpreted as debris flows into the shale
basin represented by the intercalated beds.
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towards the northeast.



"UO1IDO1J12043S TDULOIU ON "X14IDW D]ISDIOIUDIT0OA D U] SSOULOD W ¢ 01 dn
21DUOQUDO PUD SOIUDOIOA D1SDQ JO S48pINOq MOl S1qep fo noie@  'Pg T o.mbly "V Ul umoys uo13oes Jo 1upd parpuiwin] Kjaurf jo 1vied  "qgT a.mbig

‘ojoyd Jo 18]
aweJlxa U0 (f) £111000] 11850 upwDY Joddf] (S) uo11oas arpys Builuepun ogul ‘SOUOL 481897 JUNO JO 1SDAYII0U ‘DUl]O1IUD dY]
§1no mo1f «addn dYyz 330N DauD SauOpL J481S9T JUNO JO 14bd ULBISDBYILOU WOL Jo 8400 BY] Ul pasodxad uo01108s D1SSDLLL dYyl JO 14od JamO] a1 JO SO11SD]OIUDIIOA
S2U01S1]IS pUD $2217116UD pappaquaIul Yuim Smol) Sqap ‘da1SSDI  Cog[ aunbiy pauipsb  oul pup sanbup  pappaq 11om  K110O11S1491004DYD DL oa.mbBi

. q a,wu.“.. :

- s

&Y Y

e

UBALY THD] JDAU SUOIIO8S JISSDILL 2yl JO saumpad  “gT adnbig



“UIDIUNOJY DIXNDUCH JO YILON 81D42W0]BU0d 1WoyDMD],
DISSDUNL JOAO (4SM) 1IMD UOWIDS Buls] 8yl U0 ISNLY] S1 9IDUOGUDD DMUIS LO3I1Y]
‘puUIysg  "9J0d Ul () DUOISPUDS PUD 3IDJOWOIBUOD UOYDMMD] Yllm dulouks D
03Ul PAPIOJ S1 PUD (A) SOIUDOIOA DISSDIL], UO §81] (S) DMUIS dYL JO 21DUOQUDO ‘PUNOLB
2IPPIW U] "SOIUDDIOA DISSDILJ 01 UCIIDUWLIO DMUIS Jo diysuonniay  yg'T a.mbBig

‘UIDIUNOJ DIDUOY UO BUGISPUDS J1UDII0A PUD D12294q PUD ‘91Dusl01bu0d
pappaq 11om AJIDO0] ‘@AISSDJY  "UO01108S 01SSDIL] fo 14pd uaddn  “fg°T aunbig

‘u01392s Jo 4nd Buikjuapun
yum  smond  fo  (mouuD)
10p3U0D 230U ‘pg°T Bl wl
u01209s Jo 14pd 1S8MO] YIlm
pa1pIDOJBIUL  3]DSDG  MOlNd

b6g 1 a.unbiy

'$ISDI0 O1UDDIOA 91DIPBWLSIU] JO DID0DUQ < Wouf 1o 8¢ [ adnbiy




Each coarse grained unit has its own distinctive
composition which it maintains over the area north of Mount
Lester Jones. (1) Lowermost, and lying sharply but
conformably on calcareous shale, is white, buff and pale
green feldspathic sandstone or crystal tuff, interbedded with
shale, that grades up into massive breccia with a similar
matrix and cobbles mainly of light coloured andesijte
containing small feldspars, and rare limestone. (2) The
overlying massive unit is distinctive brown, friable, sandstone
(or tuff) and breccia containing pyroxene crystals both as
free grains and as pheoncrysts in clasts of porphyritic basalt.
(3) Above this is a massive breccia unit containing purple,
pink and green clasts of fine grained andesitic feldspar
porphyry that closely resembles the youngest Triassic
volcanogenic sequence.  (4) Uppermost, northeast of the
summit of Mount Lester Jones, is a very coarse debris flow
with blocks and boulders of pyroxene porphyry, fine grained
basalt and limestone (Fig. 1.3d).

The uppermost Triassic volcanogenic unit forms the
ridge containing the summit of Mount Lester Jones and is at
least 1000 m of massive, pale green, white and red andesite
breccia and conglomerate with no interbedded shale, but
local red or buff weathering tuffaceous horizons. The colour
variation is perhaps due to secondary alteration. Where the
rocks are freshest they are commonly red or pink, but in most
places they are buff and friable with laumontitic alteration
and, near granitic intrusions, bleached white and hard. Clasts
are predominantly light coloured, fine grained feldspar
porphyry, with or without crystals of hornblende generally
altered to magnetite, and rare hypabyssal (?) granitoids.
Near the top of the succession are interbedded lenses of grey
and pink limestone, generally a few tens of metres thick, that
are locally tuifaceous and contain an abundant but poorly
preserved, silicified fauna of corals, bryozoans (?),
belemnites, rare wood fragments and possible ammonites, and
conodonts  of Norian  age (M. Orchard, personal
communication).

This unit is overlain, apparently disconformably, on the
southeastern ridge of Mount Lester Jones and on the
mountain to the east, by calcareous sandstone and polymictic
conglomerate of Early Jurassic (Late Pliensbachian) age of
the Takwahoni facies of the Laberge Group.

The succession near Shustahini and Honakta mountains,
along trend to the northwest, is divisible into two major
volcanosedimentary units (Fig. 1.2, Section 3). Lowermost is
well bedded shale and tuff, and locally, more massive beds of
lapilli tuff. These rocks contain Late Karnian (Dilleri zone)
fossils (E.T. Tozer, personal communication). The overlying
unit is massively bedded, white, buff, pink and locally red,
andesitic conglomerate, breccia and tuff, with local lenses of
limestone containing  silicified fossils (Fig. 1.3f, e),

equivalent to the uppermost Triassic unit to the southeast:

and possibly to some of the massive debris flows. Above the
upper unit is fine grained, locally laminated limestone that
ranges in thickness from 10 to 100 m, and whose base locally
is red. This limestone has been correlated by Souther (1971)
with the lithologically identical but thicker, Upper Norian
Sinwa Formation that lies north of the King Salmon Fault,
and contains Triassic conodonts (M. Orchard, personal
communication).

Rocks on Shustahini Mountain and Mount Jeanne
(Fig. 1.2, Section |) are lithologically identical with the
upper volcanic unit to the north and consist of white, pale
green to reddish andesite breccia and local conglomerate and
tuff horizons and, on Shustahini, carbonate pods containing
silicified fossils. They form the upper part of an apparently
entirely volcanic sequence, whose thickness is estimated by
Souther (1971) to be about 4000 m, that appears to be
equivalent to the entire Triassic section to the north. Lower
members in this succession, near Stuhini Creek, include dark

basaltic flows, lithologically similar to those at the base of
the section north of Mount Lester Jones and local porphyritic
basalt with pyroxene phenocrysts. The base of this
succession lies unconformably on metamorphic rocks of
possible late Paleozoic age (Kerr, 1948).

Other sections, south of the King Salmon Fault, are
correlative with the lower part of the Mount Lester Jones
section, in that extrusive rocks and volcaniclastic detritus
are predominantly basic, and known diagnostic fossils are of
Late Karnian age. North of King Salmon Lake and south of
the King Salmon Fault (Fig. 1.2, Section 4) the section
comprises dark green to dark brown, well bedded lapilli tuff
and lithic tuff and argillite containing Upper Karnian
(Dilleri zone) fossils. Farther east, between Sutlahine River
and Tunjony Lake (Fig. 1.1, T), Triassic strata lie north and
south of a faulted syncline containing Lower Jurassic
clastics. North of the syncline, the section consists of
predominantly well bedded, brown, lithic crystal and lapilli
tuff, with minor shale and near the top, more massive dark
red and green breccia, and pillow breccia of 'bladed' feldspar
porphyry, with coarse (up to 2 cm long) plagioclase laths in a
dark green matrix. Upper Karnian (Welleri zone) fossils are
in the upper part of this section (E.T. Tozer, personal
communication). South of the syncline the section is
dominated by extrusive rocks, mainly pillow basalt that is
either aphanitic or has small feldspar phenocrysts (similar to
basalt in the lower part of the Lester Jones section) and
lesser amounts of basalt with pyroxene phenocrysts. The
lateral facies variation from proximal in the south to distal
in the north seen from Stuhini Creek to Mount Lester Jones,
is repeated here.

Rocks west of Sheslay River (Fig. 1.1) are typical of the
fower part of the Triassic sequence farther east in Dease and
Cry Lake map areas (e.g. Monger and Thorstad, 1978). They
comprise porphyritic pillow basalt, with phenocrysts of
pyroxene and feldspar, pillow breccia and crystal lithic tuff
with abundant pyroxene and plagioclase crystals.

North of the King Salmon Fault, Triassic rocks are
mainly the continuous, massive but locally laminated and
bituminous, carbonate of the Sinwa Formation. This in places
attains a thickness of 800 m and contains early Late Norian
(Cordilleranus zone) age fossils (E.T. Tozer, personal
communication).  North of King Salmon Lake (Fig. 1.2,
Section #) the Sinwa grades down into red tuff and volcanic
breccia with clasts of porphyritic andesite containing small
feldspar phenocrysts, that is lithologically similar to the
uppermost volcaniclastic unit south of the King Salmon Fault.
Lower Jurassic argillite and siltstone of the Inklin facies of
the Laberge Group lie disconformably on the Sinwa.

Dease Lake Area

The Hinterland Belt at Dease Lake is only 35 km across,
compared with 115 km farther west, and has a concomitant
increase in the amount of deformation and development of
foliation.

_ South of the King Salmon Fault, Triassic rocks are
mainly rnassive, unfossiliferous, commonly green and rarely
red volcanic breccia and crystal tuff, with clasts of
porphyritic basalt containing pyroxene phenocrysts. Although
no fossils were found in this area, these rocks are typical of
Upper Karnian-Lower Norian sequences elsewhere in the
Intermontane Belt and of those in the lower part of the
succession around the Hotailuh Batholith, 25 km to the
southeast (Monger and Thorstad, 1978), and in the Sheslay
River section to the west. The Triassic succession is in
structural (?) contact with highly deformed Permian
carbonate exposed on the south side of Tanzilla River valley
and in the Stikine River canyon that is part of the Stikine
assemblage of Monger (1977). The Triassic rocks are overlain
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Sketch map of the geology near Dease Lake, with a cross-section. Note that the

cleavage is overturned predominantly to the southwest.

disconformably (?) by probable Lower Jurassic greywacke and
conglomerate, correlated with the Takwahoni facies. The
latter rocks have no cleavage and are cut and hornfelsed by
numerous small granitic and intermediate intrusions, that are
absent from contiguous phyllites of the Inklin facies north of
the King Salmon Fault in this area, indicating post-intrusive
movement of the fault.

The only known Triassic rock in the Hinterland Belt
near Dease Lake is carbonate correlated with the Sinwa
Formation, exposed at the south end of Dease Lake, from
which Kerr (1926, p. 85A) reported Upper Triassic fossils.
Possible Triassic rocks are local, minor quartz bearing tuffs
and quartz-feldspar porphyry breccias interbedded with
phyllite of the Inklin facies near its northern contact with
the Cache Creek Group (Fig. 1.4). These quartz bearing
rocks are lithologically similar to the possible Upper Triassic
"Kutcho formation" farther east in Cry Lake map area that
there grades up into the Sinwa Formation (Monger and
Thorstad, 1978). It may be that some rocks in the Cache
Creek Group in Dease Lake area are as young as Late

Triassic, as possible Middle Triassic radiolarians are known in
the Cache Creek Group north of Taku River (D.L. Jones,
personal communication, in Monger, 1977, p. 1844).

In this area there is no evidence that the contact
between the Cache Creek Group and the Inklin facies of the
Laberge is the major dislocation, the Nahlin Fault, so
prominent east and west along trend. Here, foliation in
Cache Creek metabasalt is parallel with cleavage of adjacent
Inklin phyllite with no obvious structural break between the
two. Cache Creek metabasalt, chert, limestone and
serpentinite are exposed along the King Salmon Fault to the
south, isolated from the main mass of Cache Creek by Inklin
phyllites, as they are locally to the east in Cry Lake map
area. It is not known whether the Cache Creek underlies the
Inklin, as shown on the section (Fig. l.4), or is an infolded
klippe. The suggestion that the Cache Creek Group underlies
distal parts of the Whitehorse trough elsewhere has been
made by Souther (1971, p. 50) and, recently by Bultman (1979,
p. 229). Speculatively, the high strain features, so
characteristic of the Hinterland Belt, could be due to a thin,



incompetent basement of Cache Creek rocks below the
Mesozoic strata, in contrast with the more rigid basements of
terranes on either side.

Triassic rocks, named Nazcha and Shonektaw
formations by Watson and Mathews (1944), are exposed north
of the Thibert Creek Fault, northeast of the Cache Creek
Group, on the southeastern margin of the Omineca
Crystalline Belt. They are massive, green to locally red, fine
grained feldspar porphyry and pyroxene feldspar porphyry
flows and breccias (Shonektaw) with coeval (?) volcanic sand-
stone, argillite and minor conglomerate (Nazcha). Ribbed
pelecypods, possibly Monotis, were collected by H.W. Tipper
from argillaceous rocks in this sequence, and Norian
conodonts found in limestone clasts in intraformational con-
glomerate (M. Orchard, personal communication), where
earlier an ichthyosaur vertebra was collected (Watson and
Mathews, 1944, p. 19). These indications of age, plus the
lithological similarity of the volcanic rocks to those in the
upper part of the section near Taku River, suggest a Norian
age for this succession. Its relationship to contiguous
probable lower Paleozoic strata is not known.

Conclusions

1. The composition of the Triassic volcanics ranges from a
basic lower part to an intermediate, locally acid, upper
part. The lower part shows some lateral variation as well.
Volcaniclastics whose dominant clasts are porphyritic
basalt containing prominent pyroxene phenocrysts (augite
porphyry), together with local augite porphyry flows, form
the lower sequence around the Hotailuh Batholith and
much of the succession for 150 km to the west as far as
Sheslay River, and outcrop on the other side of the
Hinterland Belt, along the southwestern margin of the
Omineca Crystalline Belt. However, such rocks form a
minor component of the lower parts of the sections
between Sutlahine River and Tunjony Lake and near
Stuhini Creek, and are found only as clasts in two debris
flows on Mount Lester Jones. In these places the
dominant extrusive rocks in the lower part of the sections
are either aphanitic or fine grained feldspar porphyry
basalt. The upper sequence, where present, features
intermediate  and, rarely, acidic  volcaniclastics
characterized by fine grained feldspar porphyry. Such
rocks form the upper part of the successions around the
Hotailuh Batholith, near Taku River, and northwest of
Dease Lake, north of the Hinterland Belt. Triassic
volcanogenic rocks, in the Hinterland Belt, presumably of
Late Triassic age because they grade into limestone
correlated with the Sinwa Formation in Cry Lake map
area, contain an acidic {dacitic) component with
prominent quartz phenocrysts, as well as basic,
chloritized pyroxene porphyry (Monger and Thorstad,
1978).  Such rocks, extensively exposed near Kutcho
Creek, extend at least as far west as the Dease Lake
area, although there they are relatively minor.

2. The age of these rocks ranges from Late Karnian to Late
Norian. The lower basic sequence near Taku River is Late
Karnian. The upper, intermediate succession is Norian,
and it is overlain locally gradationally by the Late Norian
Sinwa Formation.

3. Facies changes in Triassic sections in Tulsequah map area,
south of the King Salmon Fault, vary from a southwestern
proximal facies, with flows and massive volcaniclastics to
a distal, partly fine grained sedimentary facies to the
northeast. These changes mirror those in Lower Jurassic
rocks, although the latter are juxtaposed by the King
Salmon Fault. Speculatively, they reflect a change from
deposition on the Stikine block to the southwest, which
was deformed, intruded by granitic rocks and possibly high
standing by Late Karnjan time, to a basin underlain by
Cache Creek rocks to the northeast.

4. The Triassic rocks described in this report appear to lie on
three lithologically and faunally different Paleozoic
basements (see Monger, 1977), yet Triassic rocks in all
three show many similarities. Sinwa carbonate occurs in
the Stikine block and the Hinterland belt, and identical
volcanics are in the Stikine and on the southwestern edge
of the Omineca Crystalline Belt. Does this mean that all
three Paleozoic basements were juxtaposed by Late
Karnian time, or were the Triassic rocks once part of a
single arc, now duplicated by later strike-slip movements,
or, as speculatively suggested earlier (Monger, 1977,
p. 1854) is the Cache Creek Group in the Atlin Terrane an
enormous, rootless nappe lying on a single Triassic
volcanogenic terrane? The facies changes reported herein
would seem to preclude the latter suggestion, if the distal
part of the Laberge Group, now forming the southwestern
element of the Hinterland Belt, stratigraphically overlay
the Cache Creek Group (as indicated in cross-section,
Fig. 1.4), for there is no doubt the southwestern
Hinterland Belt can be tied to Stikinia by Late Triassic
time.
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Abstract

Archean plutonic rocks of the Hopedale block in Nain Province were reworked and intruded by
granites during Aphebian time in Makkovik subprovince. The Nain-Makkovik boundary is marked by a

zone of cataclastic rocks along Kanairiktok Valley.

Introduction

This report presents results of 1979 field work in the
boundary region between Makkovik subprovince and Hopedale
block in Nain Structural Province. Taylor (1971) separated
Makkovik subprovince from Nain Structural Province on the
basis of discordance between, respectively, regional north-
east to east and north to northwest structural trends. The
boundary between the two (Taylor, 1971, Fig. 5) lies along the
prominent lineament of Kanairiktok Valley, and is
characterized by a 2 to 3 km wide cataclastic zone in which
the rocks range from protomylonite to blastomylonite
(Higgins, 1971).  Ermanovics (1979) and Ermanovics and
Raudsepp (1979) have described the regional geological
setting and suggested a tentative subdivision of the Archean
rocks in the Hopedale block northwest of this boundary. In
this report, these Archean rocks, including the Hopedale
Gneiss (Taylor, 1977), are referred to as the Kanairiktok
complex. The rocks in Makkovik subprovince include
deformed Kanairiktok complex gneiss and Proterozoic granite
intrusions, and are collectively termed the Bay of Islands
complex. All rocks of both complexes were affected by
cataclasis in the boundary zone.

Kanairiktok Complex

Layered amphibolites and grey granoblastic layered
feldspathic orthogneiss (Weekes amphibolite and Maggo
gneiss) represent the oldest rocks in Kanairiktok complex
(Hopedale Gneiss). They display amphibolite facies meta-
morphism and northwesterly-striking structural trends
developed during D, deformation (e.g. northwest portion of
Fig. 2.1). Designation of deformation as D; in these rocks is
based on refolded isoclinal folds whose axial planes are
parallel to regional gneissic layering. Although the history of
these rocks may be more complex, it is assumed that the
northwest structural trend is the result of at least two phases
of deformation. These gneisses were intruded by granitoids
of the Kanairiktok intrusive suite, including mainly leuco-
cratic tonalite and granodiorite. Intrusion of this suite was
syn-D3, which produced a rotation of D; layering into
northeast-southwest directions. Migmatite, developed at the
time of this intrusion, was transposed to form poorly layered
migmatite gneiss (Kanairiktok gneiss) and is intercalated with
mappable remnants of well layered older gneiss (Fig. 2.2).

Granodiorite and tonalite make up the bulk of the
plutonjc suite. In plan individual plutons are elongate to the
northeast. ~ They become progressively smaller and less
crowded together towards the northeast (Fig. 2.1). In the
southwest they are homogeneous and free of gneiss
inclusions. Heterogeneity of composition and abundance of
xenolithic material increases to the northeast. These
features suggest that a lower level of emplacement is
exposed in the southwest. Granodiorite-tonalite intrudes

Florence Lake volcanic rocks just west of the area of
Figure 2.1 and there it was determined that D3 foliation in
tonalite and supracrustal rocks was accompanied by green-
schist facies metamorphism (Ermanovics and Raudsepp,
1979).  Greenschist facies metamorphism is observed as
diaphthoresis in older amphibolite facies gneiss.

In a number of places in Kanairiktok complex,
northerly-and  northwesterly-striking  structural trends
indicate incomplete transposition to southwest-northeast
striking trends during D3 deformation. These are pseudo-D;
structures (layering in gneisses and schlieric gneissosity in
granitoids) presumed to have been affected by some
component of Dj rotation. In the central area of Kanairiktok
Bay this northwesterly trend is still evident in Bay of Islands
of Makkovik subprovince (Fig. 2.1). There it is expressed as a
weak, locally penetrative foliation in Aphebian Bay of Islands
granodiorite and as a much flattened and folded banding in
reworked Kanairiktok ‘gneisses. Incomplete, penetrative Dj
deformation may be observed along the southwestern end of
Cross Island and elsewhere, where layered, migmatitic,
northwest-striking gneisses are sporadically refolded about
northeast trending axes (Fig. 2.2).

In a number of places along shorelines of northeast
trending bays formed by glacial scouring of less resistant
rocks, cataclastic foliation parallel to northeast trending Dj
layering was observed. Whether such localized brittle
deformation represents late Ds or Ds deformation is
not known.

Gabbro and diabase dykes (Kikkertavak dykes) trending
025° to 045°, form a dense swarm west of Kanairiktok Bay.
Greater dyke width and swarm density appear to coincide
with high intensity D3 deformation. Gabbroic dykes are
commonly altered to subgreenschist and locally to lower
greenschist facies. Kikkertavak dykes do not intrude Bay of
Islands granite, but may be equivalent to amphibolite dykes in
reworked Kanairiktok gneisses in the Bay of Islands complex.

Bay of Islands Complex
Bay of Islands Granite

Porphyroblastic granodiorite and minor coarse grained
granite dominate the Bay of Islands complex within the map
area. The granitoids form an oval-shaped southwest-
northeast trending batholith whose dimensions in plan are
20 by 100 km (Fig. 2.1). The rocks are massive to weakly
foliated, except near the margins where screens of layered
gneisses are accompanied by pronounced gneissosity in grano-
diorite. Lit-par-lit migmatite is extensively developed
around the southern portion on the pluton where it is
dominantly granodioritic. In the northeast the pluton
becomes granitic (Fig. 2.3) and intrusive contacts with gneiss
are generally sharp (Fig. 2.6) and discordant with extensive
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development of granitic pegmatite. This change in plutonic
composition and the nature of intrusive relationships suggests
that the southwestern portion of the pluton is a synkinematic
(Dy) deeper level intrusion compared to the granitic phase of
the pluton in the northeast. Although granite and grano-
diorite appear to be cogenetic, the granite phase may have
crystallized later than granodiorite.

K BAY

77777
77777 Gneiss
Yo

Figure 2.1.
(Makkovik subprovince). The complexes are separated by a zone of cataclastic rocks that may be traced from the

outer islands southwestward along the east shore of Kanairiktok Bay and along Kanairiktok River mainly east of the
volcanic rock remnants.
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The granodiorite is a medium grained, grey biotite +
epidote (8 per cent), zoned oligoclase-andesine bearing rock
commonly containing porphyroblastic microcline. Microcline
is poikilitic, enclosing epidotized plagioclase, chloritized
biotite, and quartz, and hence appears to be a late crystal
phase in these rocks. Granitic phases (Fig. 2.3) are richer in
allanite, zircon, fluorite and sphene than granodioritic
members.
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Layered Gneiss

Layered gneiss, derived from Kanairiktok gneiss,
surrounds the Bay of Islands pluton. Zones of migmatite
gneiss and schlieric remnants of gneiss occur within the
pluton. The gneisses may be followed southwest from the
present map area to where they and Aphebian Moran Group
were deformed during 'Hudsonian' Orogeny (Ryan, 1979). It is
assumed that in the present area D, deformation Iis
'Hudsonian' also.

The gneisses are well layered (lto 10 cm wide),
variegated grey to white, and include granoblastic granitoid
orthogneiss, garnetiferous biotite feldspathic gneiss, and
garnetiferous banded amphibolite.  Oblique schistosity in
most layered gneiss may be a manifestation of late Dy or Ds
deformation. Amphibolite dykes, thought to be derived from
Kikkertavak dykes, cut the gneiss but are folded with them.
Agmatite of this gneiss occurs in northeastern portions of the
Bay of Islands granite and suggests that D, deformation in
part preceded granite intrusion. Grade of metamorphism is
in amphibolite facies (hornblende, garnet, biotite) but it is
not known whether regional or contact metamorphism
prevailed.

Supracrustal Rocks

Supracrustal rocks underlie the three areas within the
cataclastic boundary zone (Fig. 2.1). South of Kanairiktok
River these comprise deformed, banded and schistose pillow
lavas, sandstone, siltstone, graphitic schists and felsic schists
of unknown derivation. This succession lies unconformably on
Kanairiktok granodiorites (exposed on the western contact)
and is assigned to Moran Lake Group of Aphebian age (Ryan,
in press). Kanairiktok granodiorite at or near the uncon-
formity (west contact) exhibits a weak D, foliation parallel
to regional D3 foliation, but is primarily characterized by
brittle, poorly indurated rock with white, soft feldspars cut
by calcite and quartz veins. On the east side the
unconformity is not recognized; instead, Moran Group is in
tectonic contact with banded gneisses (D, deformation) over-
printed by cataclastic foliation (Ds) typical of the boundary
zone.

The age of the sliver of supracrustal rock exposed
immediately north of Kanairiktok River is problematical, but
may be correlative with Florence Lake group (Archean). The
succession consists of calcareous, laminated, mafic to inter-
mediate volcanics, calcareous 'quartz-eye' felsic schists and
cataclastic felsic schists. The rocks are in shear contact
with cataclastic pink leucogranitoids and are locally intruded
by rocks thought to belong to Kanairiktok complex.

The age of the northernmost occurrence of supracrustal
rocks in Kanairiktok Bay is also problematical, but an
Archean age is favoured. It consists of contorted, laminated,
fine- to medium-grained mafic rocks, banded tuffs, felsic
schist and gneiss, and granitic lenses. This succession is in
gradational contact with reworked Kanairiktok gneisses and
pink leucocratic granite.

Granitic intrusions are not observed in type Moran
Group, but are common in Archean Florence Lake group.
Hence assignment of the latter two supracrustal remnants to
the Archean is based primarily on the presence of intrusive
granitoids. These, however, may derive from Bay of Islands
intrusions rather than Kanairiktok intrusions, and hence may
be Aphebian in age.

Mesocratic Dioritic Dykes and Sheets

Reddish, medium grained, mesocratic dykes and sheets
in various orientations intrude the Bay of Islands granite and
gneisses. With rare exception, they are confined to the Bay

of Islands complex east of Kanairiktok Bay. They generally
dip less than 40 degrees; on Striped Island, they form
horizontal sheets in homogeneous granite (Fig. 2.4).
Mineralogy comprises 30 to 40 per cent chloritized euhedral
pale-brown amphibole, & to 8 per cent quartz, and
saussuritized euhedral zoned sodic plagioclase. Chilled
margins are well developed and some rocks contain abundant
sphene and 5 to 15 per cent calcite. The age of these dykes
is post-Dy deformation, and possibly post-Ds.

Nain-Makkovik Boundary Zone

The zone is characterized by protomylonite, mylonite
gneiss and blastomylonite derived from rocks of Kanairiktok
and Bay of Islands complexes (Fig. 2.5, 2.6, 2.7). Mylonite
and ultramylonite are rare, and recrystallization generally
appears to bhave outlasted cataclasis. Recrystallization
includes green amphibole, quartz, muscovite, epidote, biotite
and feldspars. Cataclastic foliations strike northeast and are
generally steeper than 65 degrees to either side of vertical.
This cataclastic deformation (Ds) rotated Dj; gneissosity of
the Kanairiktok complex and D, layering of the Bay of
[slands complex into north and northeast trending directions.

In Kanairiktok Bay most cataclastic rocks of the
boundary zone are under water. However, the zone may be
traced from the northeastern islands (White Mark and Mussel
islands, latitude 55°24', longitude 95°45') southwestward
along promontories of the eastern shore of Kanairiktok Bay
to the mouth of Kanairiktok River at latitude 55°00'. There
the zone splays and part of it cuts and follows the margin of
the Bay of Islands granite with a southerly trend. The main
zone continues southwestward along the river and intersects
supracrustal rocks. It then appears to be offset by left
lateral fault displacements and continues southwestward
within and along the eastern contact of Moran Group.

As the boundary zone is approached from the Bay of
Islands complex, foliation curves toward the northeast
(Fig. 2.1). This could be interpreted as suggesting a
component of right lateral fault displacement between
Kanairiktok and Bay of Islands complexes. However, the
same argument based on cataclastic foliation trends with left
hand curvatures in gneisses south of Kanairiktok River
suggests a component of left lateral fault displacement.
Compression resulting from opposite sense fault displacement
between these two segments in southern Bay of Islands
complex may explain the offset and splay (widening) of the
boundary zone observed in the Kanairiktok River area
(Fig. 2.1). The gneisses in the south, however, may originally
have had more westerly trends that were thus rotated to
southwesterly trends in response to dominantly northwest-
southeast compressive stresses.

Whether the boundary zone represents dominant shear
displacement or compression requires structural analysis.
That the entire Bay of Islands complex (30 to 40 km wide)
may have been an area of compression is suggested by the
Kikkertavak dykes which were emplaced in a contiguous area
of tension 40 km wide in Kanairiktok complex immediately
west of the boundary zone. This interpretation implies that
amphibolite dykes in Bay of Islands gneisses are older than
Kikkertavak dykes.

Deformation in Makkovik subprovince may be related to
closing of a "trough' or "sea" in Makkovik area (Kaipokok
Bay, 25 km east of Bay of Islands of Fig. 2.1). In this model
(Clark, 1979) Moran Group is correlated with Ketilidian
supracrustals in Greenland and closing of the "Makkovik
trough" resulted from simple-shear, with right hand lateral
displacement, between Nain and Makkovik cratons. If this
was so, then the boundary zone in Kanairiktok Bay may
represent the final stage of this tectonism.
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Summary

Highly deformed, northwesterly trending granoblastic,
layered gneisses of the Hopedale block were refolded about
northeast trending axes in late Archean time. Synkinematic
intrusions of granodiorite-tonalite were intruded paralle! to
the northeast trending structural grain and produced poorly
layered migmatite gneiss intercalated with older granoblastic
layered gneiss.

Rocks of the Kanairiktok complex are recognized east
of Kanairiktok Bay where they were flattened and recrystal-
lized in amphibolite facies, probably during early Aphebian
time.  Synkinematic granodiorite and late synkinematic
granite are part of a regionally concordant batholith that was
intruded parallel to a northeast trending tectonic grain in
Makkovik subprovince. Granodiorite and granite are probably
cogenetic, but granite appears to be a late phase compared
with the more deformed and metamorphically altered
granodiorite.

The last major deformation occurred in a zone between
the complexes and produced cataclastic rocks in both
complexes in which recrystallization outlasted cataclasis in
upper greenschist facies. This boundary zone separates
'Kenoran' from 'Hudsonian' tectonites and hence serves as an
appropriate division between the two structural domains
proposed by Taylor (1971). However, sharp discordance of
structural trends between Nain and Makkovik blocks is not
evident in the boundary region.

Sugary, mylonite gneiss in boundary zoae derived from Bay of

Islands complex gneiss from west side of Mussel Islands (longitude 59°45',
latitude 55°24') in Kanairiktok Bay. Coin is 24 mm in diameter. (GSC 177227)

The tectonic significance and kinematics of the
boundary zone is not known and requires structural analysis.
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Abstract

The uranium potential of the Raft Batholith area of central British Columbia has been
assessed using a genetic model developed from research on the formation of basal type uranium
deposits in the Okanagan Highlands. A comparison of these two areas has been made using model
parameters considered to have the most important influence on the formation of ore,
namely — geological setting, age relationships, tectonic history, composition of source rocks,
labile uranium in source rocks, composition of host rocks, and preservation of basalt-fluvial
sediment assemblages.

Both the Raft Batholith and the Okanagan Highlands Complex have similar geologic
settings and would appear to have the same age relationship with an overlying Plateau basalt-
fluvial sediment assemblage. There is good evidence to suggest that the same schedule of
tectonic events occurred in both areas.

The petrology, major element composition, and total uranium content of these two
complexes are very similar. On an experimental basis just as much uranium can be leached from
the Raft Batholith as the Okanagan complex and under natural conditions the uranium content of
surface waters draining the Raft Batholith is greater than for waters draining the Okanagan
Highlands Complex. However, the uranium concentration of groundwaters draining the Raft
Batholith is noticeably less than for groundwaters in the Okanagan complex; this may have a
direct bearing on uranium potential.

Six main areas underlain by basalts have been identified in the Raft Batholith area. Based
on the various model parameters mentioned above, the Upper Mann Creek valley basalt and the
Coldscaur Lake basalt appear to offer the best potential for basal type uranium mineralization.

Certain factors which may have a direct bearing on mineral potential are still unanswered
and these may only be resolved by subsurface exploration.

The method of assessment used is applicable to many areas of the North American
Cordillera and South American Andes where Tertiary volcano-sedimentary assemblages overlie

granitic batholith complexes.

Introduction

A Jogical extension of any study of the genesis of
sedimentary hosted uranium deposits is the development of an
exploration model based mainly on geological and
geochemical characteristics of both source and host rocks
which can be applied to areas of unknown potential.
Research by the author on the genesis of basal type uranium
deposits associated with a granitic basement complex in the
Okanagan uranium province of south central British Columbia
has led to a number of conclusions which can be incorporated
in such a model (Boyle, 1979). The model, described below,
has been used to assess the potential of the Raft Batholith
area of central British Columbia (Fig. 3.1) for associated
sedimentary-hosted uranium deposits. The Raft Batholith
was initially chosen as an example for such studies because of
its high gamma radiocactivity and the spatial relationship
shown by Miocene-Pliocene Plateau Basalt formations which
act as cap rocks for potential uranium-bearing fluvial
sediments. Data from the Okanagan region are used in this
assessment for comparative purposes.

Characteristics and Model of Formation of Basal Type
Uranium Deposits

Basal type uranium deposits have been recognized in
southern British Columbia (Smee and Ballantyne, 1976;
Christopher and Kalnins, 1977; Boyle 1979), Washington State
(Sherwood Deposit; Becraft and Weis, 1963), Idaho State

(Challis Formation; Choate, R., 1962), California (Juniper
Mine; Rapp, 1978) and Japan (Katayama et al.,, 1974 and
Doi et al., 1975). The term ‘basal-type' was first proposed by
Katayama (1960) to represent uranium deposits in Tertiary
fluvial sediments resting on or immediately adjacent to
granitic basement rocks. Essentially these deposits comprise
uranium mineralization in the form of ningyoite, ningyoite-
coffinite-uraninite (autunite), ningyoite-autunite-saléeite,
uraninite-coffinite  (uranophane,  phosphuranylite}  and
adsorbed uranium on carbonaceous matter, clays and zeolites.
The mineralization occurs as grain coatings and void fillings
in  continental fluvial conglomerate-sandstone-mudstone
sequences overlying granitic rocks. Pyrite, marcasite and
limonite are generally the predominant gangue minerals;
occasionally gypsum may be present. The deposits are
situated at or near the basement contact and are invariably
associated with ancient paleochannels developed along
probable Mesozoic-Tertiary fault traces within the granite
basement. In many cases where drilling has been extended
into the basement a highly fractured and altered fault zone
has been encountered. Impermeable mudstones or volcanic
lavas act as cap rocks to preserve mineralization. In all cases
the granitic rocks associated with these deposits are of
Cretaceous age.

An example of the geological setting for this type of
mineralization is given in Figures 3.2 and 3.3 for the Blizzard
deposit and associated occurrences. The paleotopographies of
the Blizzard deposit (Fig. 3.3) and Cup Lake occurrence
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Figure 3.1.  Location of Raft Batholith area
Blizzard basal type uranium deposits (Okanagan Region).

Table 3.1

Uranium in waters draining granitic rocks of the Raft
and Okanagan Highlands Complexes

Type of Water and Average {ppb)*

Number of Samples

Range (ppb)

Raft Batholith:

Streams (165) 0.10- 3.60 0.49 (0.31)%

Springs (26) 0.10- 48.00 4,90

Drilthole (1) 6.80 6.80
Okanagan Highlands Complex:

Streams (243)t 0.02- 1.70 0.38 (0.27)*

Fault Controlled Waters
Streams (49)
Springs (12)
Well Waters (5)

90
50
00

1.10- 54.0 8.
4.00-125.0 25.
2.80- 75.0 37.

* Geometric means are given in brackets for regional data
1t From Federal-Provincial Uranium Reconnaissance Survey
(GSC Open File 409)
Note: lower limit of range represents half the detection
limit of 0.05 ppb.

and Tyee and
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(Fig. 3.2) as well as a partial reconstruction of the Miocene
paleovalleys that may have existed during time of formation
are also presented in these figures. All of the smaller
basalt outliers throughout the Okanagan region display a
distinct linearity which correlates well with the northwest-
southeast and northeast-southwest structural fabric of this
region (see Fig. 3.2). These basalts have been dated as
early Pliocene (4.4 + 0.6 Ma, 5.9 * 0.6 Ma, author's data;
5.0 £ 0.5 Ma, 4.7 £ 0.17 Ma, Christopher, 1978; all K-Ar
whole rock). The occurrence of basaltic plugs and diatremes
along these structural trends, such as occurs under the
northern part of the Blizzard basalt capping (Fig. 3.2, 3.3) and
just to the southwest of the Blizzard deposit (Fig. 3.2),
indicates the presence of open structures in the basement
complex along which valley basalts have been extruded. Prior
to the formation of the Pliocene basalts, the earliest volcanic
activity in the area is recorded in the Eocene with the
extrusion of alkali and felsic volcanics (Church, 1977). The
Oligocene-Miocene series represents a period of compres-
sional and tensional tectonism and subsequent erosion leading
in part to the formation of fluvial paleochannels along
Mesozoic-Tertiary fault zones and small graben structures.
The paleochannels were later capped by Pliocene basalts and
in some cases uranium was introduced into the sediments as a
result of groundwater infiltration. Mineralization has only
been found in basal Miocene sediments overlying granitic
rocks of the Okanagan Highlands Intrusive complex — a
complex of which monzonite and granite make up approxi-
mately 75 per cent by volume (Valhalla intrusives of Little,
1957, 1961), the rest being made up of more mafic
granodiorites and diorites (Nelson intrusives of Little, 1957,
[961) and Tertiary syenitic rocks (Coryell intrusives). The
Tyee deposit which is situated 30 km to the northwest of the
Blizzard deposit rests on a window of Valhalla monzonite
within the Shuswap metamorphic complex. Numerous barren
paleochannels have been discovered by drilling programs
through basalts overlying Tertiary volcanics, Paleozoic
greenstones, and the Shuswap metamorphic complex.
The localization of this type of mineralization on or
immedijately adjacent to granitic rocks has also been
demonstrated for the Japanese deposits (Katayama et al.,
1974; Doi et al., 1975).

Whereas the source for many other types of sedimen-
tary hosted uranium deposits is still very controversial
(International Atomic Energy Agency, 1977) there can be
little doubt that for basal-type deposits, most of the uranium
has been derived from the leaching of granitic basement
rocks. For the Okanagan region streams draining granitic
rocks of the Highland Intrusive Complex have a higher than
average natural background of 0.27 ppb (Table 3.1) compared
to a geometric regional mean for the Cordillera of 0.19 ppb
(data from Geological Survey of Canada Open Files 409, 410,
514, 515, 516, 517; 11 908 water samples). Waters draining
Holocene fault zones in the Okanagan basement rocks have
also been found to be highly uraniferous (Boyle and
Ballantyne, 1980). These recent fault zones together with
their uraniferous waters would appear to be present day
analogues of the Mesozoic-Tertiary structural systems in
which basal-type mineralization formed (Boyle, 1979). In
Japan high concentrations of uranium have also been found in
structurally controlled groundwaters draining the granites
associated with mineralization (Doi et al., 1975). Recent
investigations by the author on the labile uranium content of
granitic rocks in the Cordillera indicate that monzonites and
granites of the Okanagan Highlands Complex are a reasonably
good source of mobile uranium.

Bearing in mind the tectonic history of mineralized
areas, the structural and geological setting of these deposits
and the leachability of basement rocks, the model outlined in
Figure 3.4 is proposed for the formation of basal-type
deposits. The model depicts movement of local,
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Figure 3.2.

Geological setting of the Blizzard basal type uranium deposit and associated uranium

occurrences, south central British Columbia (geology after Okuno, 1972; Christopher, 1978).

intermediate, and regional groundwaters through a fractured
crystalline basement towards major Mesozoic-Tertiary
lineaments with eventual infiltration into sediments overlying
these structures. The terms local, intermediate, and regional
groundwater systems are often used by hydrologists to
describe overall conditions of groundwater movement. The
levels of U attributed to waters associated with each of these
systems in Figure 3.4 have been arbitrarily chosen based on
data for stream waters and groundwaters in the Okanagan
region and other granitic terranes in the Cordillera.

It is unlikely that only local groundwater flow would
give rise to the grades of mineralization observed in the
Okanagan for the simple reason that many of the other
lithologies in this region, over which only barren
paleochannels have been discovered (e.g. Eocene volcano-
sedimentary rocks, Paleozoic greenstones; Coryell syenites
and Shuswap metamorphic rocks) have associated stream
waters which display similar and in some cases greater
average U contents than those draining the monzonites and
granites of the Highlands Intrusive Complex (Boyle and
Ballantyne, in press). It is apparent therefore that a large

component of the uranium in these deposits must be derived
from infiltration of intermediate and regional groundwaters;
some of which probably had a long residence time in the
basement complex. It follows therefore that an open
basement structure is required for deep seated groundwater
movement. In the Okanagan this has been easily facilitated
by a period of epeirogenic uplift in Oligocene-Miocene times
giving rise to extensive block faulting (tensional) which is
most evident in the Tertiary volcanic basins (Church, 1977)
and the granitic basement complex.

All of the mineralized zones as well as many of the
barren channels contain abundant carbonaceous trash to
create reducing conditions. In cases, such as the Tyee
deposit, marcasite may be the main reducing agent.

Groundwaters moving up favourable fault zones or
graben structures will issue as a continuous set of springs
along the basement fluvial sediment contact and will collec-
tively move down the hydrological gradient (usually 1-2%)
until favourable conditions for precipitation are met. [t
should not be expected therefore that the source of these
deposits lies directly underneath mineralization.
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Figure 3.3. Detail of Blizzard uranium deposit showing
mineralized paleochannel and location of later basaltic
diatreme under main body of basalt (after Norcen Energy
Resources Ltd., 1979).

The Raft Batholith Area

Based on present knowledge, the uranium potential of
the Raft Batholith in the Clearwater area (Fig. 3.1) has been
assessed with the following model factors in mind:

a. Geological setting and age relationships

b. Tectonic history

c. Composition of source rocks

d. Labile uranium in source rocks

e. Composition of host rocks

f. Preservation of basalt-fluvial sediment assemblage

[t should be emphasized that the Raft Batholith area,
which is herein used as an example, is only one of many
granitic terranes in the North American Cordillera and South
American Andes holding reasonable promise for mineral-
ization of this nature. The intrusive provinces of Washington
(Sherwood deposit in the Gerome Formation), Idaho
(occurrences in the Challis Formation), California (Juniper
Mine in Tertiary sediments on Sierra Nevada Batholith) and
many other areas of the Andes — Cordillera chain offer
excellent potential for this type of deposit. Further
investigations in many areas, both mineralized and unmineral-
ized, will naturally determine what alterations should be
made to the present model and exploration guidelines
formulated as a result of it.

Geological Setting and Age Relationships

The geology of the Clearwater area is outlined in
Figure 3.5 (after Campbell and Tipper, 1971). The Raft
Batholith is intruded into rocks ranging in age from
Proterozoic to Jurassic. A description of the country rocks
and their potential for uranium mineralization is discussed in
a later section of this paper.

Two K-Ar age dates have been determined on biotites
from the Raft Batholith (Wanless et al., 1967, p. 25-26), one
giving an age of 105+ 9 Ma and the other an age of
140 + 9 Ma. The latter date may be anomalous {Campbell, in
Wanless et al., 1967) and no explanation can be offered for it.
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The youngest rocks cut by the Raft Batholith are of Middle
Jurassic age. The date of 105 + 9 Ma agrees well with two
dates of 96 + 5> Ma and 80 + 5 Ma obtained for the Baldy
Batholith (Wanless et al., 1966, p. 16-17) located 25 km to the
southeast of the Raft. Both these batholiths have similar
mineralogy, texture, and geological settings. Granitic rocks
of the Okanagan Highlands Intrusive Complex have not been
adequately dated due mainly to the influence of a well-
recorded Tertiary thermal event of approximately 50 Ma
which manifests itself by the presence of Coryell syenijtes and
related felsic volcanic rocks. Dating of biotites and
muscovites from quartz monzonite and pegmatite in the
vicinity of the Blizzard deposit gave values of 56.7 + 2.& Ma,
52.9 + 2.3 Ma and 52.0 * 2.3 Ma; (author's data; K-Ar
method). The influence of the above thermal event (clock
resetting) is evident since these rocks are intruded by Eocene
Coryell syenites and must therefore be older than the dates
indicated. Although Rb-Sr dating presently in progress may
help to alleviate this problem it would appear from strati-
graphic evidence and the dates mentioned above that the
monzonite-granite-pegmatite phase (Valhalla intrusives) of
the Highland Complex is no younger than Paleocene and no
older than early-middle Cretaceous. The granodiorite-diorite
phase (Nelson intrusives) is probably early Cretaceous in age.
Both the Raft Batholith and the more felsic phases of the
Okanagan Highlands Complex appear to be representative of
a major plutonic event at around 100 Ma which has been well
documented for other parts of the Cordillera.

Flat lying, vesicular and massive olivine basalts both
overlie and occur adjacent to the Raft Batholith. These rocks
which may be included in the Miocene-Pliocene Plateau
Basalt formation of the Central Cordillera have a mineralogy
and setting which is very similar to the Plateau Basalts
capping mineralization in the Okanagan. No age dating has
been performed on the basalts in the study area but a good
approximate age can be obtained from work in adjacent
areas. For a large mass of Plateau Basalts just to the west of
the Clearwater area Mathews (1964) obtained ages of
13 + 2 Ma, 12 + 2Maand 10 + 2 Ma for ash layers inter-
calated with the basalts. Agesof 8.3 + 3 Ma, 7.8 * 3 Ma and
6.0 * 3 Ma were determined by Farquharson and Sipp (1969)
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we 1 ppb)

REGIONAL FLOW
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Model of formation for basal type uranium deposits in south central British Columbia.

for basaltic plugs within this mass. These plugs probably
represent feeder vents for later basaltic extrusions. Bedded
basaltic scoria and breccias, together with extinct cinder
cones of late Pliocene to Pleistocene age occur just to the
north of the study area. The basalts associated with the Raft
Batholith have undergone glaciation and must therefore be
older than Pleistocene. Based on age dates obtained in other
areas, the Raft basalts must be of late Miocene to early
Pliocene age and are most probably early Pliocene.
The basalts overlying mineralization in the Okanagan have
been dated as early Pliocene (4.4 + 0.6 Ma, 5.9 *+ 0.6 Ma,
author's data; 5.0 £+ 0.50 Ma, 4.7 £ 0.17 Ma, Christopher
1978; all K-Ar whole rock). It is apparent therefore that the
same age relationships between intrusive source and basaltic
capping exist for both the Clearwater and Okanagan regions.

Recently basalt formations spatially associated with
felsic intrusions have been the main loci of exploration for
basal type uranium deposits in the Cordillera and it is
convenient therefore to divide the various basaltic bodies in
the Clearwater area into six entities based on their relation-
ship to the Raft Batholith. Together with a discussion of
their geology and setting the six areas underlain by basalt
may be outlined as follows:

a. Upper Mann Creek valley basalt. This is a massive unit of
olivine basalt which according to Campbell and Tipper
(1971) occupies the valley from Moira Lake to Coldscaur
Lake (see Fig. 3.5). Detailed investigations by the author
verified the presence of basalt outcrops in the stream bed
at both the south and north end of upper Mann Creek
(area A, Fig. 3.5), otherwise the presence of a continuous
basaltic body is indicated only by numerous large basalt
boulders and debris deposited by glaciation —it is
presumed that this material was deposited as the result of
glacial scouring of the flanks of the valley basalt. This
body seems to offer the best potential for the formation
of basal type deposits because of its close proximity to
source rocks (i.e. Raft Batholith).

b. Coldscaur Lake basalt. Considerable amounts of basalt

float north and west of Coldscaur Lake suggests the
presence of a large body of flat lying basaltic rocks.
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Campbell and Tipper (1971) have indicated a connection
with the Upper Mann Creek flow as well as a possible
contact relationship with the Raft Batholith. This contact
could not be verified due to lack of outcrop. Most of this
basalt flow would appear to be underlain by Jurassic
volcano-sedimentary rocks. A contact relationship with
the intrusion, to permit influx of igneous derived ground-
waters into sediments underlying basalt, would have to be
established in order for the Coldscaur basalt to have much
potential for mineralization.

c. Lower Mann Creek basalt. Heavily dissected basalts
occupy the lower Mann Creek valley and a small tributary
into it. These flows have been completely downcut by
Mann Creek and they overlie Jurassic volcano-
sedimentary units having a low uranium content. It is
unlikely, therefore, that any underlying sediments, even if
still preserved, would host mineralization.

d. Canim River basalt. A crescent shaped flow occupies the
valleys of Canim River and Canimred Creek in the
western part of the area. A possible contact between the
western extremity of the Raft Batholith and the Canimred
portion of this flow is indicated {Campbell and Tipper,
1971). However, no outcrop could be found to verify the
presence of basalt on the east side of the Canimred River.
The mafic nature (diorite-granodiorite) of the intrusion in
the area and the lack of a defined contact relationship
would tend to weaken the potential of this area for
mineralization.

e. Clearwater River valley basalt. Severe dissection and
erosion of an extensive basaltic flow in the Clearwater
valley has left a number of 'shoulder remnants' along the
eastern edge of the Raft intrusion. These bodies, which
are. often downcut by easterly flowing streams, do not
appear to be related to underlying paleochannel structures
and are therefore of questionable potential.

Tectonic History

In the Okanagan six main tectonic events are thought to
have a direct bearing on the formation and cessation of
mineralizing processes. These events may be summarized as
follows:

a. The emplacement of Jurassic and Cretaceous granitic
rocks to form part of the Central Okanagan Highlands
Complex followed shortly afterwards by the development
of a north-south compressive stress system marked by
major north-south lineaments (Okanagan Valley, West
Kettle River and Granby River lineaments) and conjugate
northwest-southeast and northeast-southwest fault and
graben structures.

b. Extrusion of Eocene alkali and felsic volcanics (White
Lake, Marama, and Marron formations) and emplacement
of coeval hypabyssal syenites (Coryell).

c. Gradual uplift in late Eocene-Miocene times with reacti-
vation of the fault-scheme described in (a), unroofing of
the basement complex and deposition of fluvial sediments
in Tertiary Valleys.

d. Development of extensional stresses in late
Miocene — early Pliocene followed by fissure extrusion of
basalt along valleys (northwest-southeast and northeast-
southwest Mesozoic-Tertiary fault zones) and many upland
areas.

e. Late Pliocene uplift of entire area with concomitant block
faulting, followed by rapid erosion and eventually
glaciation. The valley roots are the only remnants of the
Plateau Basalts which have survived this period and they
now form linear topographic highs (see Fig. 3.2).

Uranium mineralization in the Okanagan has been
deposited in paleochannels underlying valley basalts between
pariods d and e.

In the Clearwater area there is sufficient evidence to
suggest that all of the above mentioned tectonic events have
been operative to some degree. Age dating of the Raft
Batholith indicates that it was emplaced in Cretaceous times
and extensive block faulting of Paleozoic and Mesozoic
formations surrounding it has been noted by Campbell and
Tipper (1971, see also Fig. 3.5). The stress scheme in this
area is similar to that in the Okanagan. Major faults follow
northwest-southeast and northeast-southwest directions and
although not indicated by Campbell and Tipper (1971) it would
appear that the valleys occupied by Upper Mann Creek,
Coldscaur Lake and Lower Mann Creek form a conjugate
fault system possibly located at the terminus of the major
northwesterly trending Louis Creek fault zone which begins
at the north end of Okanagan Lake (Holland, 1976) and
follows Louis Creek, North Thompson River and eventually
into Mann Creek. The Upper Mann Creek valley which
appears to have the greatest potential for uranium mineral-
ization occupies a possible northeast-southwest fault zone
that bisects the Raft Batholith. Reactivation of tectonic
processes followed by erosion must have occurred in Mid-
Tertiary times for the batholith to be exposed before the
Miocene epoch. Extensive areas just to the southwest of the
Clearwater area are covered by Eocene felsic volcanics (Skull
Hill Formation) similar to the non-alkaline units in the
Okanagan but this tectonic event is not present in the
immediate area (Campbell and Tipper 1971). The late
Miocene-early Pliocene epoch was characterized by the
fissure extrusion of plateau basalts in the Mann Creek,
Coldscaur Lake, Clearwater River, and Canim River areas.
Late Pliocene movement is evident from extensive faulting
and dissection along Clearwater River, Lower Mann Creek,
and Canim River but the amount of uplift appears to be less
than that observed in the Okanagan. As a result, basaltic
bodies such as the Upper Mann Creek and Coldscaur Lake
flows, which still appear to be intact, are still in their
original valley settings. This is not considered detrimental to
uranium potential since this stage of tectonism is one which
has caused the cessation of mineralizing processes. In other
words, the Okanagan deposits and associated basalt cappings
now form topographic highs and are presently wasting,
whereas sediments underlying basalts on or immediately
adjacent to the Raft intrusion would still be receiving
groundwaters draining an igneous source.

Composition of Source Rocks

Both the Raft Batholith and the Okanagan Highlands
Complex contain a full range of igneous phases from diorite
through to granite. Quartz monzonite and granite accounts
for the largest volume of both complexes and are typically
coarse grained rocks comprising plagioclase (30-35%), smoky
quartz (25-30%), potash feldspar (25-35%) biotite and/or
muscovite (5-10%), hornblende (less than 1%) and accessories
(sphene, rutile, allanite, apatite). The western part of the
Raft Batholith consists mainly of granodiorite and diorite
whereas much of the area both east and west of upper Mann
Creek and stretching as far as the Clearwater River is
underlain by quartz monzonite and granite. Pegmatite and
aplite dykes have been observed in all major areas of outcrop.

Tabulation of the major element chemistry of quartz
monzonite from the Clearwater and Okanagan areas shows
that rocks of the Raft Batholith are slightly more mafic than
their counterparts in the Okanagan Highlands Complex but
the K,0 and Na,O contents of rocks for both areas are
similar (Table 3.2). High U concentrations in granitic rocks
are generally accompanied by increased potash content (Heir
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Table 3.2

Composition of quartz monzonite from the Raft
Batholith and Okanagan Highlands Complex

Okanagan Highlands Complex Raft Batholith
n=13 n=8
Range Average Range Average
SiO, 64.40-75.70 71.10 58.8 - 71.3 66.50
Al,03 13.70-16.80 15.00 4.0 - 16.8 15.10
TiO, 0.04- 0.36 0.25 0.25- 0.73 0.42
K,O 2.73- 6.0l 4.42 2.38- 4.10 3.64
Na,O 3.20- 4.20 3.64 2.30- 4.30 3.56
Ca0O 0.45- 2.87 1.40 1.84- 5.8] 3.36
MgO 0.06- 0.83 0.40 0.71- 2.40 1.43
FeO 0.10- 1.20 0.66 0.90- 2.50 1.79
Fe, 03 0.40- 2.00 1.02 0.60- 2.80 1.35
MnO 0.01- 0.09 0.03 0.05- 0.14 0.08
P,0s 0.02- 0.16 0.08 0.10- 0.42 0.02
CO, 0.10- 0.10 0.10 0.10- 2.20 0.75
H,OT 0.30- 1.00 0.51 0.60- 2.10 1.20
Total 98.00-99.70 98.70 98.70-100.50  99.50
Table 3.3
Uranium in the Raft Batholith and Okanagan
Highlands Complex
Rock Type No. of U(ppm)*
Samples Range Average
Raft Batholith:
Diorite 4 0.1- 0.3 0.2
Granodiorite 4 1.7- 5.4 3.6
Monzonite 5 2.7- 5.7 4.3
Quartz Monzonite 25 2.5- 7.2 4.6
Granite-Pegmatite & 3.8- 8.8 5.8
Aplite 2 15.4-24.0 20.0
Okanagan Highlands Complex:
Granodiorite-Diorite 43 0.8- 4.3 2.3
Monzonite 30 1.1-17.7 4.5
Quartz Monzonite 27 0.9-23.7 b4
Granite 20 1.9-18.0 5.4
Pegmatite 3 3.2- 6.9 5.2
Syenite (Coryell) 76 2.0-36.6 6.2
* Uranium analysis by delayed neutron activation.

and Rogers, 1963; Lyons, 1964 and others), and on an initial
basis, granitic rocks rich in potash feldspar, biotite and
muscovite can be designated as fertile for the formation of
basal type deposits. Granitic rock in both the Raft and
Okanagan Highlands Complexes have high K,O contents
(Table 3.2). Those of the Raft Batholith contain considerably
more P,Os than those in the Okanagan and it may be
presumed therefore that sufficient phosphate would be
present in the groundwaters of the Raft area for the
precipitation of ningyoite saléeite or autunite —the three
principal minerals in basal-type deposits of the Okanagan.

A comparison of the range and average total U contents
of the various phases in the Raft and Okanagan Highlands
Complexes is presented in Table 3.3. Phases of the Raft
Batholith display very similar U contents to comparable units

24

in the Okanagan Complex. On the basis of total U content it
is obvious that the Raft Batholith has good potential as a
source area. It is interesting to note that the U concentra-
tions of the various rock types in the Raft Batholith increase
in the order diorite, granodiorite, monzonite, quartz
monzonite, granite, pegmatite, aplite. This also appears to
be the general order of increasing potassium content and
older to younger age of intrusion.

Labile Uranium in Source Rocks

The amount of labile uranium in source rocks can be
determined on a relative basis by a number of methods. Two
methods used in this study comprise the leaching of rock
powders with bicarbonate waters and the determination of
average uranium contents for surface waters and ground-
waters draining granitic rocks of the Raft Batholith and of
Okanagan Highlands Complex.

Rock powders of quartz monzonite and granite phases
of the two above mentioned intrusive complexes were leached
for 20 hours using a solution composed of 300, 220, 30,
20, 400, 45 and 20 ppm of HCO;, Na, Ca, Mg, F, Cl and
SOy respectively with a pH of 7.0 and a conductivity of 580.
The U content of the leaching solution was less than 0.05 ppb.
With the exception of a high Na content and a low U
concentration the composition of the leaching solution
approximates that found for many groundwaters draining
granitic rocks in the Okanagan (Boyle and Ballantyne, in
press). The leaching solution and sample (20 mL to 1 gm)
were continually aerated by allowing air to pass through the
funne] holding the sample and solution. All samples were
leached in one run and replicate leaching gave a precision of
better than + 20 per cent. The results for this experiment
are shown in Table 3.4, The samples from both of these
intrusive complexes are listed in decreasing order according
to their total uranium content. The final characteristics of
the leachate (pH, conductivity, U) together with a determina-
tion of the percentage of leachable uranium are also given.
There is little correlation between the percentage of U
leached and either the total U content of the rocks or their
texture. Variations in the partitioning of uranium between
accessory minerals and localization along grain boundaries
may be the cause of such a poor correlation. Both the range
and average percent of U leached from the Raft Batholith
(0.3-3.0 and 1.4% respectively) and the Okanagan Highlands
Complex (0.3-4.0 and 1.8% respectively) are very similar and
it may be concluded therefore that on an experimental basis
the Raft Batholith is as good a source area as the granitic
rocks associated with mineralization in the Okanagan.

A comparison of the U contents of various types of
waters draining these intrusive complexes is perhaps a more
representative method of determining their potential as
source areas. This is easily justified since for both the areas
the paleoclimates during the time of possible ore formation
(Miocene-Pliocene; Bell, W.A. in Rice 1960; Piel, 1969;
Claque, 1974) and the present day climates are similar.
Table 3.1 gives a breakdown of the U content of surface
waters and groundwaters draining the two igneous complexes.
The average U concentrations of surface waters are very
similar for both complexes with the Raft Batholith exhibiting
a slightly higher average. However, structurally controlled
groundwaters associated with the Okanagan Complex are
more uraniferous than those draining the Raft Batholith
(Table 3.1), although the average U content of springs
draining the latter still exceeds the surface water average by
a factor of ten. The differences for groundwaters may be
related more to the fact that results for the Raft Batholith
were obtained for small fissure controlled springs
representing mostly local or intermediate groundwater flow
whereas those for the Okanagan represent local, intermediate
and regional groundwater flow in much larger fault zones. In



Table 3.4

Labile uranium in igneous rocks of the Raft Batholith (Clearwater Area) and the
Okanagan Highlands Complex

Rock Type Texture U {ppm)* Leachate % of Total
in Rock Uranium
pH Conductivity U (ppb)  Leached
(umhos/cm)
Raft Batholith:
Qtz-Bi-MNZN fine 6.2 7.9 1360 9.0 1.5
Bi-GRNT medium 5.4 8.1 1065 12.6 2.3
Qtz-Bi-MNZN coarse 5.3 8.0 1083 7.5 1.4
Bi-GRNT coarse 5.2 7.8 691 3.0 0.6
Qtz-Bi-MNZN medium 5.0 7.7 792 10.0 2.0
Bi-GRNT coarse 4.8 8.1 1177 4.0 0.8
Qtz-Bi-MNZN coarse 4.0 7.9 962 6.8 1.7 (Av.=1.4)
Bi-GRNT coarse 3.6 8.0 882 3.2 0.9
Ho-MNZN medium 3.6 7.9 997 1.0 0.3
Qtz-Bi-MNZN coarse 3.5 8.1 1340 2.6 0.8
Bi-GRNT coarse 3.3 7.8 1310 3.4 1.0
Bi-GRNT coarse 2.5 7.8 1350 7.5 3.0
Bi-MNZN fine 1.7 9.0 1087 3.6 2.1
Okanagan Highlands Complex:
Qtz-Bi-MNZN medium 23.6 7.8 756 95.0 4.0
Bi-GRNT medium 15.0 8.2 627 5.2 0.3
Qtz-Bi-MNZN medium 13.1 8.1 659 33.8 2.6
Qtz-Mu-MNZN coarse 12.6 7.9 673 36.5 2.9
Qtz-Bi-MNZN medium 6.8 8.0 852 16.7 2.5
Qtz-Bi-MNZN coarse 6.5 7.9 684 4.0 0.6
Qtz-Bi-MNZN coarse 4.8 7.1 727 4.2 0.9 (Av.=1.8)
Qtz-Ho-MNZN coarse 4.0 7.8 681 1.3 0.3
Qtz-Bi-MNZN medium 3.8 7.4 699 4.2 1.1
Qtz-Bi-MNZN coarse 3.6 8.0 723 13.5 3.8
Qtz-Bi-MNZN coarse 2.8 7.7 635 2.7 1.0
Qtz-Bi-MNZN medium 2.3 7.9 644 3.7 1.6
Qtz-Bi-MNZN medium 1.8 8.1 659 2.0 1.1
* Uranium analysis by delayed neutron activation.
terms of size the Raft Batholith is much smaller than the A number of palynological and faunal studies of

Okanagan complex and of the two noticeable structural zones
within it, one (Upper Mann Creek) is heavily overlain by
basalts and glacial drift and the other (Clearwater River) is a
completely open system flushed by a major river. Spring
waters issuing from small fault zones along the western cliff
face of the Clearwater River, however, do have anomalously
high U contents (see Fig. 3.5). Campbell and Tipper
(1971, p. 79) have noted that "the Cretaceous Raft Batholith
does not exhibit the closely spaced fractures characteristic of
the Thuya and Takomkane batholiths" located to the west of
the study area. It is possible therefore that the Raft
Batholith lacks the open structure required for deep seated
groundwater movement although this is by no means a proven
fact. In this context it should also be noted that the levels of
U observed for structurally controlled waters in the Okanagan
may be well above minimum levels required for ore
formation.

Composition of Host Rocks

In the Miocene fluvial sediments of the Okanagan the
reducing environment required for precipitation of uranium is
produced by abundant amounts of organic trash consisting of
both carbonized and uncarbonized tree fragments, leaves and
decomposed material. In addition one of the deposits
(Tyee deposit) contains high concentrations of marcasite
(up to 40%).

Miocene-Pliocene sediments throughout southern British
Columbia indicate that a lush vegetation existed during this
epoch in a temperate climate similar to that of today
(Bell, W.A. in Rice 1960; Piel 1969; Clague 1974; Mathews
and Rouse, 1963).

No exposures of Miocene sediments could be found in
the study area but there can be little doubt that basalt flows
in the Raft area, provided they are still intact, are underlain

by fluvial sediments. Based therefore on the studies
mentioned above it should be presumed, until proven
otherwise, that sediments in this area contain sufficient

organic or sulphide concentrations to precipitate uranium
from groundwaters.

Preservation of Basalt-Fluvial Sediment Assemblage

Generally it has been found that basal-type deposits are
preserved from later destruction by one or a combination of
two processes. Either the basalt cappings remain intact after
uplift and faulting because they represent more competent
"valley roots” of the Plateau Basalt system (e.g. Blizzard
deposit) or the paleochannels when exposed during glaciation
have in turn been covered by impervious glaciolacustrine
sediments (e.g. Tyee deposit and south end of Blizzard
deposit). Preservation such as this is essentjal since the
Holocene hydrological regime after uplift is generally one
which promotes leaching of these deposits rather than
formation.
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In the Raft area the lower Mann Creek basalt is
completely downcut to basement and it is unlikely that
mineralization if it did form would be preserved. Upper Mann
Creek does not downcut the presumed basalt flow in this
valley and has been found to actually flow over basalt outcrop
in the north and south end of the valley (area A, Fig. 3.5);
west of Coldscaur Lake it flows over a basalt escarpment and
into lower Mann Creek valley.  Similarly much of the
Coldscaur Lake and Canimred Creek basalt bodies may still
be preserved. The 'shoulder remnants' of the Clearwater
River basalt are downcut by small streams and any sediments
underlying them would probably be easily leached by
groundwaters moving downslope.

Potential For Other Types of Uranjum Deposits

Although the main thrust of this assessment has been
directed towards possible basal-type deposits something
should also be said of the potential for other types of uranium
deposits.

No evidence could be found that would suggest the
presence of vein type mineralization within the Batholith.
Small Mo occurrences are present but these are not strongly
radioactive.

Coarse pegmatite phases of the batholith are present in
outcrop and extensively in float. The greatest concentration
of pegmatites occurs in the portion of the batholith east of
Upper Mann Creek. As expected the pegmatites exhibit the
highest radioactivity but no recognizable primary or
secondary uranium mineralization could be detected in them.
The strong anomalies observed in waters southeast and south
of Moira Lake may be related to mineralized pegmatites
(see Fig. 3.5). Elsewhere in the eastern half of the batholith
more isolated anomalies may also reflect concentrations of
pegmatites.

Table 3.5

Uranium, sulphur, organic carbon and phosphate contents of
triassic shale, greywacke and phyllite near the southern

Both the age and setting of the Raft Batholith are
similar to that of the Joon Lake batholith in northern
Washington with which the Midnite and Spokane Mountain
uranium deposits are associated. These deposits are
composed of uraninite, sulphides and secondary uranium
minerals in a roof pendant of Precambrian phyllites at the
contact with the Loon Lake intrusion (Nash and Lehrman,
1975; Robbins, 1978). In the Clearwater area Triassic
phyllites (Campbell and Tipper, 1971) outcrop near the
southern contact of the Raft Batholith (see Fig. 3.5). There
is no indication that these rocks are in direct contact with
the intrusion. The uranium, sulphur, organic carbon and
phosphate contents of these phyllites are given in Table 3.5,
The average U content is typical of Phanerozoic shales
(average = 0.37, Turekian and Wedepohl, 1961) and no U
enrichment in these rocks during emplacement of the
batholith is apparent. The sulphur and organic carbon
contents are certainly sufficient to create the necessary
reducing conditions for precipitation of U from hydrothermal
fluids. However, these rocks show very little evidence of
either syn- or post-intrusive hydrothermal activity. Two
small intrusions similar in composition to the Raft are
intruded directly into Triassic phyllites north of Mahood Lake
and these may constitute a better environment for this type
of mineralization.

A metamorphosed basal conglomerate consisting of
sheared pebbles of feldspar and quartz and lenses of pyrite in
a medium grained matrix is situated just to the northwest of
Moira Lake near the intrusive — Proterozoic contact (area B,
Fig. 3.5). This unit possesses the highest radioactivity of
any formation within the study area. Uranium analyses of
four representative samples however gave values of only 7.6,
10.1, 20.7 and 3.0 ppm U which is much lower than would be
expected from radioactive counting if all of the gamma
radiation was coming from uranium. Also waters draining
this unit contain very low levels of U (less than 0.10 ppb, see
Fig. 3.5). These rocks are similar to thorium-
rich basal conglomerates in other parts of the
British Columbia-Yukon Proterozoic belt and the
high  Th values accompanied by slightly
anomalous U levels can be attributed to the

contact of the Raft Batholith (samples in order of concentration of resistate minerals such as
decreasing uranium content) monazite, allanite, sphene and zircon.
Rock Description U (ppm)  S(%) C(%) P,Os (%) Conclusions
black shale 6.9 1.13 2.01 0.11 The wuranium potential of the Raft
calcitic black shale 6.2 0.36 2.51 1.06 Batholith area has been assessed using a genetic
greywacke 4.5 0.06 0.01 0.88 model developed from research on the formation
black shale b.b 0.33 0.70 0.20 of basal-type uranium deposits in the Okanagan
silicified phyllite 3.9 0.05 0.30 0.22 Highlands. A comparison of these two areas has
grey phyllite 3.8 0.18 0.31 0.10 been made using model parameters considered to
greywacke 3.3 0.00 0.38 0.15 have the most important influence on the
black shale 3.3 0.12 0.53 0.09 formation of ore; namely geological setting, age
black shale 3.0 0.21 0.56 0.06 relationships, tectonic history, composition of
grey slate 2.9 0.03 0.37 0.21 source rocks, lahile uranium in source rocks,
silicified greywacke 2.9 0.02 0.26 0.15 composition of host rocks and preservation of
silicified greywacke 2.9 0.01 0.20 0.14 basalt-fluvial sediment assemblages.
black phyllite 2.6 0.05 0.34 0.13 Both the Raft Batholith and the Okanagan
greywacke 2.5 0.02 0.24 0.14 . - . ;
Highlands Complex have similar geologic settings
greywacke 2.4 0.08 0.28 0.15
ANEAUN and would appear to have the same age
silicified greywacke 2.4 0.34 0.05 0.08 . . - :
A relationship with an overlying Plateau basalt-
silicified greywacke 2.1 0.03 0.17 0.20 : . .
- fluvial sediment assemblage. There is good
black phyllite 2.0 0.08 0.44 0.07 ; , °
. . evidence to suggest that the same schedule of
calcite phyllite 1.8 0.09 0.0l 0.07 . .

- tectonic events occurred in both areas although
arkosic shale 1.6 0.11 0.4u 0.27 1 Pli ; h b h
raphitic shale 1.5 0.00 0.65 0.02 ate Pliocene uplift scems to have been muc
& less severe in the Raft Batholith area; this of

Range 1.5-6.9 0.0-1.13 0.01-2.5} 0.02-1.06 course is a post ore forming event and would
Average 3.2 0.l6 0.33* 0.21 have a more direct bearing on the cessation of
* high values not included in average (tjf;ozgfs—formmg process and the preservation of
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The petrology, major element composition and total
uranium content of these two complexes are very similar. On
an experimental basis just as much uranium can be leached
from the Raft Batholith as the Okanagan complex and under
natural conditions the uranium content of surface waters
draining the Raft Batholith is greater than for waters
draining the Okanagan Highlands Complex. However the
uranium concentration of groundwaters draining the Raft
Batholith is noticeably less than for groundwaters in the
Okanagan complex. This may not be a fair comparison since
the latter are associated with major structural zones probably
tapping intermediate or regional groundwaters whereas the
former only represent small local springs —the major
structural zones in the Raft Batholith are either occupied by
relatively impervious basalts (e.g. upper Mann Creek valley)
or are completely open systems flushed by major rivers
(e.g. Clearwater River valley).

Six main areas underlain by basalts have been identified
in the Raft Batholith area. Based on such factors as
proximity to source rock, preservation of basalt cover and the
various model parameters mentioned above the Upper Mann
Creek valley basalt and the Coldscaur Lake basalt appear to
offer the best potential for basalt type uranium deposits.

Despite the many similarities between these two areas
a number of factors which may have a direct bearing on
mineral potential are still unanswered. It is not known at this
time whether or not

a. the Upper Mann Creek and Coldscaur Lake basalts are
continuous bodies;

b. the Coldscaur Lake and Canimred River basalts have a
contact relationship with the Raft Batholith in order for
igneous derived groundwaters to enter basal sediments;

c. the fluvial sediments underlying the basalts have the
proper composition to promote precipitation of uranium;

d. a possible northeast-southwest fault zone along Upper
Mann Creek was or still is open to intermediate and
regional groundwater flow;

e. the levels of uranium observed for structurally controlled
waters in the Okanagan represent a minimum requirement
for ore-forming groundwaters. If so the groundwaters
associated with the Raft Batholith would appear to fall
somewhat short of this requirement.

Many of these unanswered questions can only be
resolved by subsurface exploration. A genetic model used in
exploration should not be expected to outline mineralizaiton
but instead indicate mineral potential, the magnitude of
which will depend upon available geological and geochemicail
information. At the time of completing this work the British
Columbia Government imposed a seven year moratorium on
exploration for uranium in British Columbia. Although this
directly affects any further work in the Clearwater area in
the near future, the Raft Batholith is used here only as an
example of the application of an exploration model which is
applicable to any area where there is an intimate relationship
between a granitic basement complex and overlying
sediments.
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Addendum

Subsequent to the completion of this paper, results of a
uranium exploration program in the Raft Batholith area by
Union Oil Company of Canada Ltd. have been made available
to the author. This company drilled seven widely spaced
reconnaissance drillholes in Upper Mann Creek valley during
1979. Results from this program confirm the presence of a
continuous body of valley basalts which are underlain by
unconsolidated fluvial sediments consisting of coarse sand,
lacustrine silt, conglomerate and mudslide breccia and having
a thickness from 2 to 40 m. Gamma ray logs outlined
sections of minor anomalous radioactivity but assay results
for the sediments range only from 2 to 10 ppm U. These
driltholes were sited in order to verify the presence of fluvial
sediments underlying the basalt and were to be followed up by
more detailed drilling. Based on this initial drilling, the
absence of carbonaceous matter and the presence of high U
(1.2-3.0 ppb) and PO, (avg. 100 ppb) levels in drillhole waters
are characteristic of the northern part of the sedimentary
aquifer underlying the Upper Mann Creek basalts. These are
conditions which are more typical of an aquifer system
incapable of precipitating uranium. However, exploration
activity has been confined to the northern half of this valley
and fluvial sediments underlying basalt in the south may have
a greater capacity for precipitating uranium due to an
increased concentration of organic matter and/or depletion of
dissolved oxygen in groundwaters moving down the aquifer
gradient. Clearly more exploration is required in this area
before an adequate assessment of uranium potential can be
made.

Union Oil Company Ltd. have also carried out a drilling
program on basalts overlying the northeast part of the Raft
Batholith along the Clearwater River (see Fig. 3.2 for the
location of basalts). This program proved the existence of
fluvial sediments under the basalts but no anomalous uranium
concentrations were encountered.

The author would like to thank J. Schindler of Union Oil
Company of Canada Ltd. for allowing him to use data from
their company reports.
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Abstract

A previously unrecorded microfauna from near the top of the Douro Formation, Devon Island,
District of Franklin, contains a unique ostracode genus of the subfamily Beyrichiinae. The
morphology of this genus indicates its position intermediate between the genera Beyrichia,
Neobeyrichia and Calcaribeyrichia within a Ludlovian beyrichiine lineage previously described from

the Balto-Scandinavian region.

Introduction

A fossil collection made by R. Thorsteinsson from
strata of the Douro Formation, Devon Island, District of
Franklin contains well preserved, phosphatized specimens of
four genera of ostracodes. Three of these, Tubulibairdia,
Neoaparchites and an unidentified ostracode genus, are long
ranging and of limited use in correlation. The presence of
the new beyrichiine genus, Innuitbeyrichia, and its morpho-
logical similarity to established Scandinavian taxa, however,
is of significant stratigraphic importance to our under-
standing of the late Silurian ostracode zonation of the central
Canadian Arctic.

Studies from the Baltic area (Martinsson, 1962, 1967;
Gailite, 1964) have shown that during the Wenlockian and
Ludlovian the morphology of one lineage of beyrichiines
developed rapidly in a direction that, by the Pridolian, led to
the complete dissection of the lobal elements of the
domicilium, in particular the syllobium (i.e. the Beyrichia-
Neobeyrichja-Calcaribeyrichia-Nodibeyrichia lineage; see
Siveter, 1978, table 2). This type of beyrichiacean

morphological sequence has not been previously demonstrated
from North America because of the relative absence of these
beyrichiine elements in the better known eastern endemic
Silurian ostracode faunas and the lack of detailed
micropaleontological studies of Silurian faunas in the less
accessible northern part of the continent. Consequently, our
lack of knowledge of the possible occurrence of these Mid-
and early Late Silurian beyrichiine ostracodes in North
America has restricted our ability to use this
stratigraphically important succession of pre-Devonian Baltic
ostracode faunas in intercontinental correlation and
paleogeographic reconstruction.

Recently, however, a few Siluro-early Devonian
ostracode faunas have become documented from northern and
northwestern North America (Martinsson, 1960; McGill, 1963;
Berdan and Copeland, 1973; Copeland, 1976, 1977, 1978a, b)
that give some insight into the stratigraphic successions of
beyrichiine taxa in those areas. This sequence of
beyrichiacean faunas with dissected and undissected lobation
is far from complete, but a beginning may be made to fashion

NORTH AMERICA NORTHERN EUROPE
NORTHERN APPALACHIAN NORTHWESTERN CENTRAL MARITIME PROVINCES- BALTO-SCANDINAVIAN
FAUNAL PROVINCE NORTH AMERICA ARCTIC ISLANDS NEW ENGLAND PROVINCE
Zygobeyrichia Berdanopsis Nodibeyrichia X
Kloedeniopsis Asperibeyrichia Sleia o -
Welleria Gannibeyrichia (Unknown) Hemsiella = 3
"Kloedenia" Clintiella Macrypsilon 9 ot
Lophokloedenia Garniella Kloedenia re o
Frostiella 9 A
Londinia H
>
9
Navibeyrichia Calcaribeyrichia
Cornikloedenia Beyrichia . © s Gannibeyrichia =
Innuitbeyrichia Navibbyrichia 3
Berdanopsis ; Neobeyrichia o
Pintopsis Pintopsis Berdanopsis (Unknown, Garniella A
possibly Beyrichia
not
present)
Cornikloedenia Bingeria S
Beyrichia Clintiella o
Drepanellina Beyrichia Beyrichia o -
Apatobolbina 2
Figure 4.1.  Distribution of selected Middle and Late Silurian beyrichiacean Ostracoda in

northern North America and northern Europe. Heavy black lines enclose endemic faunas.
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a North American framework into which morphological
progressions of non-endemic benthonic beyrichiine ostracodes
of Balto-Scandinavian type may be placed.

Figure 4.1 shows our present knowledge of the age and
stratigraphic occurrence of selected Middle and early Upper
Silurian beyrichiacean genera from northern North America
and the Baltic region. If the endemic Appalachian faunal
province and Beyrichienkalk fauna are excluded, the elements
of a northern intercontinental biostratigraphic succession of
beyrichiacean ostracodes becomes more apparent. Within
this northern province, beyrichiine elements appear to be
ascendant in Ludlovian and younger beyrichiacean faunas.
The Llandoverian-Wenlockian craspedobolbine beyrichiacean
preponderance noted from Gotland and less extensively from
Anticosti Island (Copeland, 1974) has not yet been
demonstrated from northern Canada where strata of this
age tend to be sparingly fossiliferous and few ostracodes

The oldest, Wenlockian, beyrichiines recorded from both
Scandinavia and northern Canada are species of Beyrichia
that demonstrate little lobular division or syllobial dissection.
The succeeding Ludlovian beyrichiines of the Baltic area
show rapid lobular differentiation and dissection through a
morphological  series represented by genera from
Neobeyrichia to Calcaribeyrichia and culminate in the Pridoli
(Beyrichienkalk) with complete lobal dissection of
Nodibeyrichia type. Such a complete series cannot yet be
shown for northern North America but the introduction of
Innuitbeyrichia into the Canadian Arctic Ludlovian faunas
helps to bridge part of the gap between the widespread
Wenlockian (and younger) genus Beyrichia and the presently
restricted Pridolian Calcaribeyrichia of Yukon Territory. For
some presently unknown reason the Pridolian occurrence of
the acme of the beyrichiine morphological sequence in
northern North America appears to lag behind that of the

(none of them beyrichiaceans) have been reported.
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Ludlovian acme of this fauna in the Baltic region.

Order Palaeocopida Henningsmoen, 1953
Family Beyrichiidae Matthew, 1886
Subfamily Beyrichiinae Matthew, 1886

Genus Innuitbeyrichia gen. nov.

Type species: Innuitbeyrichia thorsteinssoni n. sp.

Diagnosis: Beyrichiinae with spinose syllobial cusp; with acroidal, uncular, calcarine(?) and dorsal
spines; without velar structure crossing the crumina but with superimposed tuberculation indefinitely
aligned on the ventral part of the crumina. L1 (anterior lobe) undivided, nearly isolated by a shallow
connection of Sl (prenodal sulcus) with the anteroventral depression. L3 (syllobium) undivided. All
lobal parts and crumina with randomly distributed granulation and superimposed tuberculation. Velar
ridge broad, strongly spinose, with subvelar spinules.

Remarks: In several respects, such as carapace shape, wide velar ridge and anteroventral depression,
Innuitbeyrichia is related to Neobeyrichia and Calcaribeyrichia. It differs from Neobeyrichia in
lacking marginoventral striations on the crumina and a reported wing-like process on the velum
behind the crumina of certain species, and in having calcarine(?) and uncular processes.
Calcaribeyrichia, a closely related genus, has calcarine and uncular processes but usually shows
considerable lobular differentiation and bears marginoventral striations or a velar remnant on
the crumina.

One species referred to Neobeyrichia (N. ctenophora Martinsson) displays an undivided, nearly
isolated L1, primitive, undissected L3 and long spines on the velar ridge similar to I. thorsteinssoni.
Difficulty exists in determining the presence of specialized spines (uncular, calcarine, acroidal) on
specimens that bear prominent spines along the velar edge and conical or spinose tubercles, however
low, superimposed on the granulation of the lobes. This is well demonstrated by N. ctenophora in
which syllobial tuberculation is prominent and could obscure identification of a calcarine process;
also, the 'caudal' spines of N. ctenophora are in the position of the acroidal processes. No species of
Neobeyrichia bears an uncular lobule or uncular spine similar to that of species of Calcaribeyrichia,
however, an uncular process without an uncular lobe is present on L thorsteinssoni. This process is
broken on all known specimens of I. thorsteinssoni and, because of its supravelar position, is indicated
by a large hole in the syllobium wall or a robust spine base. An additional tubercle (ventral anterior
lobe spine) superimposed on the granulation of I. thorsteinssoni is situated in the ventral part of Ll
slightly anterior of the anteroventral depression.

PLATE 4.1 (GSC 203201-H)
Figures 1-10. Innuitbeyrichia thorsteinssoni n. sp.
Tecnomorphic valves, GSC loc. C-79435.

1-3. Left lateral, x 40, ventral, x 50 and mid ventral view of velar spines and
advelar and admarginal spinules, x 220, holotype, GSC 62460.

4, Left lateral view, x 40, paratype, GSC 62461.

5,6. Right lateral, x 50, and mid ventral view of velar spines and advelar and
admarginal spinules, x 200, paratype, GSC 62462.

7,8. Left anterior view (45°), x 50 and marginal view, x 300, paratype, GSC 62463.

9,10.  Anteroventral marginal view, x 140 and left lateral view, x 50,
paratype, GSC 62464,
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Like N. ctenophora and I thorsteinssoni, Calcaribeyrichia simplicior Martinsson, a primitive
species of Calcaribeyrichia, almost lacks lobular differentiation, is heavily tuberculate and bears
prominent velar spines. However, unlike N. ctenophora, C. simplicior bears calcarine and uncular
processes and has no velar ridge ventral of the crumina similar to L thorsteinssoni. C. simplicior
appears to differ from L. thorsteinssoni mainly in having a callus dividing the syllobium, a prominent
calcarine spine and, less importantly, lobal cusps rather than lobal spines.

An interesting morphological feature that may prove of taxonomic value is the consistent
presence on L. thorsteinssoni of a spine dorsal of L2. This structure does not occur in Neobeyrichia or
Calcaribeyrichia species but has been reported for species of Beyrichia (Beyrichia), some species of
which bear 2 spines in this position between the lobal cusps, but only occurs on relatively heavily
tuberculate species. Whether the dorsal spine is of morphological value or only an expression of the
tuberculation is presently unknown.

N. ctenophora and C. simplicior appear in the upper Hemse beds of Gotland (Martinsson, 1962)
and N. ctenophora occurs in the Pagegiai beds of Latvia (Gailite, 1964; Gailite et al., 1967). The
upper Hemse and Pagegiai beds represent the Saetograptus leintwardinensis and S. fritschi linearis
graptolite zones that typify the medial (Leintwardine) and early late (Whitcliff) Ludlovian. The
morphological similarities among L. thorsteinssoni, N. ctenophora and C. simplicior, especially the
relative lack of syllobial dissection, indicate a generally similar stage of development for these
genera. Conodonts associated with I. thorsteinssoni in the same collection (GSC loc. C-79435) have
been identified by T.T. Uyeno as follows: "Oulodus sp., Ozarkodina excavata excavata (Branson and
Mehl), O. confluens (Branson and Mehl) alpha morphotype of Klapper and Murphy (1975), Panderodus
sp., Polygnathoides siluricus Branson and Mehl. Age: Polygnathoides siluricus Zone, above the lowest
part of the zone, late Ludlovian age." (Report No. |-TTU-1980). This serves to more accurately
equate the Innuitbeyrichia fauna with the Hoburgiella tenerrima assemblage rather than the
Neobeyrichia scissa-Neobeyrichia lauensis assemblage of Gotland (Martinsson, 1967) and thus to an
early Whitcliffian rather than a late Leintwardinian position within the Ludlovian.

Innuitbeyrichia thorsteinssoni n. sp.
Plate 4.1, figures 1-9; plate 4.2, figures 1-10;
plate 4.3, figures 1-4

Description: Valve preplete; hinge long, five-sixths greatest length; cardinal angles obtuse; free
margin evenly rounded, more broadly curved in posterior half. Bisulcate, SI shallow, joining
anteroventral depression and isolating or nearly isolating L1 (anterior lobe); S2 deeper, curving
anteriorly beneath L2 (adductorial node) to join Sl; zygal arch; if present, very low, indistinct. Ll
and L3 (syllobium) undivided; both lobes broad, L1 low, only slightly more elevated than S1, L3 more
highly elevated. L2 ovate, elongate, slightly inclined anterodorsally. All lobal parts and crumina
with evenly distributed granulation and sparse superimposed tuberculation. Velar ridge broad,
extending along entire free margin of tecnomorphic valve but not passing ventral of the crumina on
heteromorphic valve. '

Valves with great spinosity. Dorsal margin marked by anterior and posterior acroidal spines, a
spine at the dorsal apex of L1 and on the syllobial cusp and a smaller spine on the dorsal margin
directly above L2. Velar ridge marked by a row of robust spines, most prominent along the
anteroventral edge; velar structure and velar spines not present on or beneath crumina. No uncular
lobe, but uncular spine in supravelar position near mid height of posterior margin. On all specimens
observed, the position of the uncular spine is marked by a proximal remnant of the spine or a large
hole on the syllobium wall. Position of calcarine spine occupied by a tubercle superimposed on the
granulation of the syllobium. Two rows of subvelar spinules; the less prominent proximal, advelar row
situated below and slightly between the much larger velar spines in meandering fashion, apparently
not present beneath the crumina but may be incorporated with and indistinguishable on the densely

PLATE 4.2 (GSC 203201-F)

Figures 1-9.  Innuitbeyrichia thorsteinssoni n. sp.
Heteromorphic valves, GSC loc. C-79435.

1,3. Left lateral view, x 60 and mid ventral view of velar spines and advelar and
admarginal spinules, x 300, paratype, GSC 624638.

2. Right lateral view, x 50, paratype, GSC 62469.

4-6. Ventral (70°) and right lateral views, x 50, and mid ventral view (82°) of velar
spines and advelar and admarginal spinules, x 180, paratype, GSC 62470.

7,9. Anterior view of right valve, x 80, and anteroventral view of crumina, x 190,
paratype, GSC 62472,

8. Interior view of right valve, x 50, paratype, GSC 62471,
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tuberculate ventral part of the crumina; the distal, admarginal fow of spines more prominent and
regularly aligned parallel to the free edge and continuous along the free margins of valves of both
dimorphs. Faint marginal ridge present on both valves.

Heteromorphic crumina ovate, broadly overhanging anteroventral part of valve, sharply set off
from domicilium. Ornamentation consisting of evenly distributed granules with superimposed
tubercles that increase in density ventrally.

Approximate measurements (mm) of several valves, exclusive of spines:

Type GSC No. Dimorph Length Height
Holotype 62460 Tecnomorph 1.7 1.0
Paratype 62461 " 1.8 11

" 62462 " 1.8 .1
" 62463 " 1.7 1.0
" 62464 " 1.6 0.9
" 62465 " 1.4 0.9
" 62466 " 1.5 1.2
" 62473 " 1.9 1.1
" 62467 Heteromorph 1.7 1.1
u 62468 " 1.6 1.1
" 62469 " 1.7 1.2
" 62470 " 1.7 1.2
" 62471 " 1.7 1.2
" 624772 " - 1.1

Number of specimens studied, 28.
Types: Holotype, GSC 62460; paratypes, GSC 62461-62473.

Occurrence: Devon Island, District of Franklin, GSC Locality C-79435, UTM Zone 15X, 548 175E,
8 337 600N, collected by R. Thorsteinsson (TC-615A), 15.25 m below the top of the Douro Formation.

PLATE 4.3 (GSC 203201-QG)
(All specimens from GSC loc. C-79435)

Figures 1-4.  Innuitbeyrichia thorsteinssoni n. sp.

1. Left tecnomorphic valve (45°), x 40, holotype, GSC 62460.
2. Right  ventral view of incomplete heteromorphic valve, x 60,
paratype, GSC 62472.
as - acroidal spine sl - sulcus 1
vs - velar spine s2 - sulcus 2
avs - advelar spinule Il - anterior lobe
ss - syllobial spine 12 - adductorial node
ds - dorsal spine I3 - syllobium
als - anterior lobe spine g - granulation
us - uncular spine st - superimposed tuberculation
ams - admarginal spinule vr - velar ridge
ad - anteroventral depression C - crumina
cs - tubercle in position vals - ventral anterjor
of calcarine spine lobe spine

3,4, Left tecnomorphic valves, x 50, paratypes, GSC 62465, 62466.

Figures 5-8.  Ostracode indet.
5,6. Dorsal and left lateral views, x 80, figured specimen, GSC 62474,
7,8. Left lateral view, x 50 and adductor and adjustor muscle scars, x 200, figured
specimen, GSC 62475.

Figures 9,10. Neoaparchites franklini n. sp.
Adductor and adjustor muscle scars, x 200 and right lateral view, x 60,
holotype, GSC 62476.

Figure I1. Tubulibairdia sp. cf. T. ordinara Mikhailova, 1978.
Right lateral view, x 100, hypotype, GSC 62477.

(Scanning electron microscopy by David A. Walker, Geological Survey of Canada)



PLATE 4.3

as 11 als sll2ds s2
N Moo\

57,1902

fey
e
A
T

4
e,
%

a9




36

Family Aparchitidae Jones, 1901
Genus Neoaparchites Boucek, 1936
Type species: Primitia obsoleta Jones and Holl, 1865
Neoaparchites franklini n. sp.
Plate 4.3, figures 9, 10

Description: Valves subelliptical; hinge short about two-thirds valve length; cardinal angles rounded
smoothly into free margin. Free margin of larger, right valve with low velar bend and smooth,
subcircular rim that abuts against a similar velar bend of the left valve. Surface of valves faintly
reticulate. Adductor muscle impression large, circular, in dorsal half of valve slightly anterior of mid
length, with low, near dorsal adjustor ridge. Adductorial scars indistinct. Measurements of holotype,
length 0.80 mm;j height 0.60 mm. Number of specimens studied, 2.

Type: Holotype, GSC 62476.

Remarks: This species shows very little angulation of the cardinal areas and is more similar in this
respect to N. bohemicus Bougek, 1936 than to N. obsoleta (Jones and Holl, 1865). The drawings of
N. bohemicus, however, do not show the "slightly raised smooth rim" reported by Jones and Holl
(1865, p. 423) for the type species. A low marginal bend and rim also occurs on N. franklini.

Occurrence: Same locality as I. thorsteinssoni n. sp.

Ostracode indet.
Plate 4.3, figures 5-8

Description: Valves somewhat postplete, right overlapping left ventrally, cardinal angles obtuse.
Free margin of each valve with low velar(?) ridge sometimes finely tuberculate on left valve and
lacking mid ventrally on right valve. Surface smooth, one specimen with large, circular adductorial
spot comprised of about 20 discrete muscle scars. Faint depression dorsal of adductorial spot, a ridge
apparently indicating attachment of adjustor muscle and an anterodorsal depression. Measurement of
figured specimen 62475, length 0.95 mm, height 0.75 mm. Number of specimens studied, 4.

Types: Figured specimens GSC 62474, 62475,

Remarks: This generalized ostracode bears a leperditicopid adductorial muscle impression,
aparchitacean type &f velar(?) ridge and very possibly a subdued beyrichiacean "lobation" of
Saccarchites type. The small size of the specimens may indicate that they are immature.

Occurrence: Same locality as 1. thorsteinssoni n. sp.

Order Podocopida Muller, 1894
Family Pachydomellidae Berdan and Sohn, 1961
Genus Tubﬁlibairdia Swartz, 1936
Type species: Tubulibairdia tubulifera Swartz, 1936
Tubulibairdia sp. cf. T. ordinara Mikhailova, 1978
Plate 4.3, figure 11
Tubulibairdia ordinara Mikhailova, 1978, p. 45, pl. II, figs. la, b

Remarks: This specimen apparently has left/right valve overlap except posteroventrally; well
rounded 'shoulders', and is semiovate in lateral view. There are numerous tubules normal to the shell
surface. The height is about three-fifths that of the length {figure !l is photographed at a slightly
oblique angle). The specimen is essentially round in cross-section. Both specimens in this collection
are much smaller than those studied by Mikhailova (1978). They may be immature moults. (After
photography the figured specimen began to disintegrate as it was being removed from the stub.)
Measurements of hypotype, length 0.9 mm; height 0.5 mm. Number of specimens studied, 2. Type:
Hypotype, GSC 62477.

Occurrence: Same locality as L. thorsteinssoni n. sp.
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GEOLOGY OF THE KAMILUKUAK LAKE MAP AREA, DISTRICT OF KEEWATIN,
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Tella, Subhas and Eade, K.E., Geology of the Kamilukuak Lake map area, District of Keewatin, a part
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Abstract

The east half of the Kamilukuak Lake map area is underlain by a polydeformed and
polymetamorphosed Archean (and Aphebian?) migmatite and granitoid gneiss complex, intruded by
diorite, quartz monzonite and syenite, and overlain by volcaniclastic sedimentary and volcanic rocks
of the late Aphebian or Paleohelikian Dubawnt Group. The basal unit of the Dubawnt Group, rarely
present, is a poorly sorted and sheared polymictic conglomerate, which is disconformably overlain by
a sequence of interbedded volcaniclastic sediments, pyroclastics, and mafic and felsic trachyte flows
of the Christopher Island Formation, which comprises the bulk of the Dubawnt Group rocks in the
area. A poorly bedded volcaniclastic conglomerate unconformably overlies the Christopher Island
Formation. Intrustions of mafic syenite, biotite lamprophyre, and high level fluorite-granite cut the
Christopher Island Formation. Northwest trending diabase and gabbro dykes (Mackenzie Swarm) cut
both the basement complex and the Dubawnt Group rocks.

The basement complex and the cover rocks are transected by three major sets of faults and
shear zones. A northeast trending shear zone, in the southeastern part of the map area, is a zone of
ductile deformation that shows a variety of mylonitic textures. Numerous east- and northwest-
trending faults, some of which are characterized by narrow cataclastic zones, displace all units with
dip-slip components. Uranium mineralization is spatially related to the Christopher Island
Formation — basement complex contact for the most part and to a lesser extent to the high level
fluorite-granite intrusions. Sulphides of minor economic importance occur along narrow shear zones.

Introduction

Kamilukuak Lake map area (65 K), is underlain by two
main groups of rocks — an Archean (and Aphebian?) basement
complex predominantly composed of migmatite, granitoid
gneisses, and associated plutonites, and a late Aphebian or
Paleohelikian seqeunce of unmetamorphosed continental sedi-
mentary, volcaniclastic, and volcanic rocks of the Dubawnt
Group and late granite-quartz mononite plutons. Mapping in
the east-half of the map area at a scale of 1:250 000 was
completed during the 1979 field season; the west-half is
scheduled for completion in 1980. The distribution of major
rock units in the east-half is shown in Figure 5.1, and
schematic structural cross-sections in Figure 5.2. Mapping in
the area to the east was completed by Eade and Blake (1977)
and is in progress in the sheet to the northeast
(LeCheminant et al. 1979a, b; 1980). Previous work in the
region by Wright (1955, 1967), at a scale of one inch to eight
miles, was limited to reconnaissance helicopter traverses.

Archean and Aphebian Basement Complex

The basement complex (units 1 to 4, Figure 5.1) is
widely exposed in the southern half of the map area, and to a
lesser extent in isolated areas between Dubawnt Lake and
Carruthers Lake. Unit [ is a medium- to coarse-grained
migmatite to layered, banded or nebulitic gneiss, and is in
part interlayered with thin units of granodiorite gneiss,
amphibolite and paragneiss. Sheets and veins of foliated
quartz monzonite (unit 3) cut unit | at several localities. The
migmatitic rocks consist of quartz-plagioclase-biotite-
amphibole assemblages with a well developed polygonal
granoblastic texture. Apatite, sphene and opaques are
present as accessories. Unit 2 is a mixed unit consisting of
hornblende-biotite granodiorite gneiss, tonalite gneiss,
orthogneiss, potash feldspar augen gneiss, and layered gneiss.
Minor layered inclusions of garnetiferous paragneiss and
amphibolite are locally present and the unit is cut by massive
bodies of quartz monzonite and pegmatite of uncertain age.

At two localities along the south shore of Angikuni Lake,
inclusions of mafic volcanics and crystal tuff are present in
both units 1 and 2. East trending, weakly metamorphosed
basic dykes of probable Aphebian age are present in these
units.

Orthogneiss {(unit 3), pink to grey, medium grained,
biotite and/or hornblende bearing, ranges in composition from
granodiorite to quartz monzonite. Distinct mineral foliation
is typical of these rocks. Inclusions or schlieren of
paragneiss, amphibolite, or banded gneiss are locally present.

Unit 4 is a porphyroblastic potash feldspar augen gneiss
of granodiorite to quartz monzonite composition that
contains numerous inclusions of older rocks (units 1 and 2),
and is in turn cut by granite and pegmatite. Abundant coarse,
white to pink feldspar augen, up to 3 cm long, are displayed
on the weathered surfaces, making rocks of this unit readily
recognizable. The unit commonly exhibits localized shear
zones.

A suggested sequence of events listed in Table 5.1 is
based on field observations, and is subject to revision
following  completion of detailed petrographic and
geochronological studies. Field relations and structural
data indicate that the migmatite and granitoid gneiss
complex (units | to 4) has undergone at least three phases
of deformation and possibly two events of (Archean)
regional ~metamorphism. Northeast trending regional
foliation is the most common penetrative planar fabric
element (S;) in units | to %, and represents a syntectonic
metamorphic fabric developed during the first phase of
deformation (D). The fabric is defined by the alignment of
mafic minerals, biotite and hornblende. Variation in attitudes
are not uncommon. First generation folds (F1) have not been
identified at the present scale of mapping. However, a
mineral (hornblende) lineation (L,) recognized in unit 2, at a
few localities, is oriented at an oblique angle (with
shallow plunges) to the second generation fold (F2) axes,
and may represent relict F; fold trends. Mesoscopic to

39



LEGEND
HELIKIAN

]3 DIABASE AND GABBRO (NORTHWEST TRENDING MACKENZIE DYKES).

HELIKIAN OR LATE APHEBIAN
T 7

+ PORPHYRITIC, COARSE GRAINED, RAPAKIVI TEXTURE,
FLUORITE-BEARING GRANITE.

B L a e
R R TR L
R e T T L

GRANITE TO QUARTZ MONZONITE, MASSIVE.

DUBAWNT GROUP

VOLCANICLASTIC CONGLOMERATE, ARKOSE. ARKOSIC WACKE:
MINOR SHALE.

O Ty

S e

X

CHrR1STOPHER [SLAND FORMATION (UNDIVIDED): VOLCANICLASTIC
SEDIMENTARY ROCKS, PYROCLASTIC ROCKS, MAFIC AND FELSIC
TRACHYTE LAVA; CUT BY MAFIC SYENITE DYKES.

POLYMICTIC CONGLOMERATE: MINOR SANDSTONE. SHALE,
MUDSTONE.,

HORNBLENDE SYENITE., MASSIVE TO FOLIATED: IN PART
INCLUDES QUARTZ MONZONITE.

6 QUARTZ MONZONITE TO GRANODIORITE, MASSIVE.

5 DIORITE TO QUARTZ DIORITE, MASSIVE TO SLIGHTLY
FOLIATED; IN PART CONTAINS INCLUSIONS OF OLDER ROCKS.
AND CUT BY PEGMATITE,

4 AUGEN GNEISS, GRANODIORITE TO QUARTZ MONZONITE
L COMPOSITION; CONTAINS INCLUSIONS OF PARAGNE]SS AND
LAYERED GNEISS AND CUT BY QUARTZ MONZONITE TO GRANITE:
INCLUDES SOME ORTHOGNEISS,

T-‘-iER "i_»
G, <

ORTHOGNE 1SS, GRANODIORITE TO QUARTZ MONZONITE COMPOSITION.

ARCHEAN

HORNBLENDE~-BIOTITE GRANODIORITE GNEISS; TONALITE GNEISS:
2 INCLUDES SOME ORTHOGNEISS. AUGEN GNEISS, LAYERED GNELSS,

PARAGNE1SS AND AMPHIBOLITE; CUT BY QUARTZ MONZONITE

TO GRANITE,

N MIGMATITE TO IRREGULARLY LAYERED, BANDED OR NEBULITIC
] ‘ \ GNE1SS; INCLUDES MINOR GRANODIORITE GNEISS AND
o AMPRIBOL1TE; COMMONLY CUT BY SHEETS OF QUARTZ MONZONITE,

A0y
LA
7

Wz

/_/"' GEOLOGICAL BOUNDARY (DEFINED, APPROXIMATE. ASSUMED)

ﬂﬂ,w’" FauLt

X%" AXIAL TRACE OF MAJOR FOLDS {ANTIFORM, SYNFORM)

7 GnerssosiTy 0 5 10 15 20
——— ——1
/ Bepping
KILOMETRES
MINERALIZATION
A UranTUM B SULPHIDE

Geotoey BY K.E. Eape anp S, Teura, 1979.

Figure 5.1.  Geological sketch map of Kamilukuak Lake map area (65 K; east-half).
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Schematic structural cross-sections illustrating major folds and faults (see Fig. 5.1 for location).

Figure 5.2.

macroscopic, upright, open to moderately tight folds
(Fig. 5.1, 5.2)  with northeast trending axial planes
represent the second generation, F,, folds developed during
D2. Minor folds associated with major F, folds commonly
show an axial planar crenulation cleavage S,; i.e.,, a
syntectonic (D;) wmetamorphic fabric. Because of the
approximate parallelism in strike between S, and S,;, the
distinction between the two fabric elements in the {field is
noticeable only at the minor F; fold closures, and less obvious
in other areas. However, the two fabrics can be distinguished
optically. Open, wupright folds of local extent with
northwest trending axial planes mark the third phase
structures. It is probable that the second and third phases
are relatively close in age. The regional metamorphic
grade during D, appears to be within the amphibolite facies
conditions. Post D, metamorphic effects have been limited
to retrogressive alteration of earlier assemblages to epidote,
chlorite, and carbonate. In the above descriptions, the
structural and metamorphic history of the units is somewhat
simplified. The three phases of deformation noted in units |
to 4 obviously postdate the porphyroblastic™ augen gneiss
(unit &), and it is possible that units 1 and 2 may have had a
complex tectonic and metamorphic history prior to the
emplacement of unit 4. A detailed structural analysis on a
much smaller scale is a prerequisite for unravelling such a
complex polymetamorphic and tectonic history in the
basement rocks.

Intrusive Rocks

Two stocks of medium- to coarse-grained diorite to
quartz diorite (unit 5) are exposed — one south of Nowleye
Lake, and the other southeast of Carruthers Lake. Both
bodies contain inclusions of older rocks, and are cut by pink
granite and pegmatite. Although the contact relationships
with the surrounding units have not been established, the
massive character of unit 5, together with the presence of
inclusions of older rocks, suggest that this unit post dates
units 1 to 4. Fine- to medium-grained, hornblende-biotite
bearing, massive quartz monzonite to granodiorite (unit 6)
occurs northeast and southwest of Carruthers Lake. Some
rocks included in this unit may postdate the Dubawnt Group.
A relatively fresh, medium- to coarse-grained, massive
hornblende syenite (unit 7) is exposed to the east of Nowleye
Lake, and to the south of Carruthers Lake. The unit locally
contains sheets of massive quartz monzonite similar in
composition to that of unit 6. Locally, the quartz content is
higher and the rock is a quartz monzonite. The contact of
the syenite with the Christopher Island volcanics to the east
of Nowleye Lake is not exposed, and the assigned pre-
Dubawnt Group age for the syenite is uncertain.

Paleohelikian or Late Aphebian
Dubawnt Group

Dubawnt Group rocks are exposed in the central and
northern parts of the map area and consist of a basal
polymictic conglomerate, sandstone, shale succession (unit 8)
which is overlain by a sequence of interbedded volcaniclastic
sediments, mafic and felsic trachyte flows, and pyroclastics
of the Christopher Island Formation (unit 9). Northwest of
Carruthers Lake, a poorly bedded, volcaniclastic con-
glomerate, arkosic wacke, minor shale unit (unit 10) overlies
the Christopher Island Formation. The attitude of all units is
commonly east-west with northerly dips ranging from 25° to
70°, Northwest trends with northeasterly dips of local extent
are also noted in unit 10, where it is deposited in a northwest
fault basin. The Dubawnt Group unconformably overlies or is
in fault contact with the basement granitoid gneisses. Mafic
syenite, bostonite dykes, and fluorite-bearing, high level
granite intrude the Dubawnt Group in several places.
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LEGEND

HELIKIAN

IE Diabase dyke (Mackenzie)

HELIKIAN OR LATE APHEBIAN

Hornblende syenite; massive

DUBAWNT GROUP

*biy Volcaniclastic conglomerate, arkose,
°0 A9 arkosic wacke; minor shale.

Christopher Island Formation

Volcaniclastic sedimentary rocks, pyro-
clastic rocks, lithic and crystal tuff,
tuff breccia, tuffaceous wacke;
interbedded.

phlogopite, pyroxene, feldspar-phyric
phlogopite, feldspar-phyric

Polymictic conglomerate (with volcanic
clasts) ; sandstone, shale

Polymictic conglomerate; minor sandstone,

5 <
>
PR

0%o shale, mudstone (South Channel Formation)

APHEBIAN AND ARCHEAN

Augen gneiss, granodiorite to quartz
monzonite composition; cut by quartz
monzonite to granite.

Figure 5.3.  Distribution of Dubawnt Group Rocks in an
area north of Carruthers Lake (see Figure 5.1 for location).

Mafic trachyte lava; brecciated flow tops.

Basal polymictic conglomerate North of Carruthers
Lake, two isolated exposures of the unit (Fig. 5.3)
contain locally derived and poorly sorted, angular to
subrounded clasts of basement granitoid gneiss, feldspar
crystals and vein quartz. Volcanic clasts are absent in
the unit. The conglomerate has a sheared matrix
consisting chiefly of chlorite, carbonate, and sericite.
Thin (< & cm) arkosic sandstone and shale interbeds are
common, and the unit is cut by narrow quartz veins.
Northwest and north trending faults systematically offset the
unit with apparent right-lateral displacements. The
conglomerate unit is correlated with the South Channel
Formation (Donaldson, 1965) on the basis of lithological
similarities and stratigraphic position.

Christopher Island Formation Interbedded volcani-
clastic sedimentary rocks, pyroclastic rocks, lithic and
crystal tuff, tuff breccia, and tuffaceous wacke (unit 9,
Fig. 5.1) form over 70 per cent of the formation in the map
area. Interbeds of phlogopite, clinopyroxene, feldspar-phyric
and phlogopite, feldspar-phyric mafic trachytes (Fig. 5.3), and
felsic trachyte flows (with locally developed flow top
breccias) form approximately 25 per cent of the formation.
Both successions overlie the basement rocks unconformably
or are in fault contact with them. Discontinuous wedges of
immature and poorly sorted, maroon coloured polymictic
conglomerate (approximately 100 m thick) occurs con-
formably below mafic trachyte and volcaniclastic sediments
(Fig. 5.3). The conglomerate contains subangular to sub-
rounded clasts of gneissic quartz monzonite, foliated
granitoid gneiss (some with mylonitic textures), vein quartz,
and mafic trachyte embedded in a fine grained hematitic,
sedimentary and volcanic matrix. Note that this
conglomerate contains volcanic clasts and the matrix is quite
different from that of the previously described basal
polymictic conglomerate. The presence of volcanic clasts
and the absence of shearing and quartz veining may indicate
that is is younger than the basal polymictic conglomerate
(South Channel Formation equivalent). As the contacts
between the two units are not exposed, it is difficult to
establish this relationship with certainty.

The lithological character and stratigraphic relations of
the Christopher Island Formation are similar to those
described in adjacent areas by Blake (in press), Eade (1976),
Eade and Blake (1977), and LeCheminant et al. (1979a, b;
1980), where the lavas and tuffs were interpreted to have
been deposited in a subaerial environment and consist of
cycles of mafic and felsic alkaline volcanics associated with
explosive eruptive centres. No eruptive centres have been
found in the present map area.

The volcanic and the sedimentary rocks of the
Christopher Island Formation show extensive propylitic
alteration. Porphyritic trachytic texture is still preserved in
most flows and the groundmass is altered to a mixture of
chlorite, carbonate, epidote, sericite. Contact metamorphic
effects are present in some mafic lavas near post-Dubawnt
Group intrusions, where a radiating, colourless to pale blue-
green amphibole overprints the original volcanic flow texture.
The Christopher Island Formation is cut by discontinuous
northwest and east-west trending biotite-lamprophyre, and
biotite-hornblende syenite dykes and sills which are probably
cogenetic with the alkaline lavas. Northwest trending,
cherry-red brown bostonite dykes (4-6 cm wide) which show
anomalous radiometric readings cut the Christopher Island
rocks in a few places.

Volcaniclastic conglomerate, arkose, arkosic wacke, and

shale The unit consists predominantly of red volcaniclastic

conglomerate with minor arkose and shale interbeds (unit 10).
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It overlies the Christopher Island Formation in two areas
(Fig. 5.1) and is in fault contact with the basement rocks to
the east. The clast supported conglomerate is composed
mainly of subangular to subrounded, red feldspar trachyte and
rare vein quartz clasts which are embedded in a fine grained,
reddish green micaceous matrix. The poorly bedded
character of the unit suggests rapid deposition of sediment in
a fault controlled basin. The conglomerate is lithologically
similar to the Kunwak Formation (LeCheminant et al.,
1979b), and stratigraphic position suggests that the two are
correlative. A slight discordance in attitudes between units 9
and 10 suggests athat unit 10 unconformably overlies unit 9 in
the present map area.

Intrusions into the Dubawnt Group

Medium grained, massive and equigranular, pink granite
to quartz monzonite (unit 11) is exposed in the northern part
of the map area, east of Dubawnt Lake. In thin section, the
granite shows a well developed granophyric and myrmekitic
texture with scattered phenocrysts of potash feldspar
(string perthite). Mafic minerals (mostly biotite) make up
less than 3 per cent of the rock, and fluorite, apatite, opaques
and zircon are present as accessories. A porphyritic, coarse
grained rapakivi textured, fluorite-bearing granite (unit 12)
occupies the northeastern corner of the map area. The
granite intrudes the Christopher Island Formation, and is
characterized by scattered occurrences of ovoid crystals of
potash feldspar in a coarse- to medium-grained, greyish
white, quartz-feldspar groundmass. Mafic minerals (both
biotite and hornblende) represent less than 5 per cent of the
total mineral constituents. Accessory minerals include
fluorite, sphene, apatite, zircon and opaques. Granophyric
and myrmekitic textures are also common. Unit 11, which is
free of ovoid crystals, is strikingly similar in composition, but
differs in grain size from unit 12 and probably represents a
border phase of unit 12.

Helikian

Northwest trending diabase and gabbro dykes (up to
50 m wide; Mackenzie Swarm) with interstitial granophyric
phases have been observed throughout the map area. The
dykes cut both the basement rocks and the overlying
Christopher Island Formation. Some of the dykes appear to
have been injected along the northwest trending faults.

Faults

Major northeast trending shear zones, as well as east,
northwest, and minor north trending faults, transect the area.
Numerous subsidiary cataclastic zones parallel the major
structures. Shallow to moderately plunging slickensides on
some of the northeast and northwest trending fault surfaces
indicate that the last movements on these faults were of
oblique slip character. Most faults probably have a history of
multiple movements,

The contact between unit 1 and units 2 and 4 (Fig.5.1) is
marked in most places by 1-2 km wide, northeast trending,
discontinuous shear zone. Granitoid gneisses within the zone
exhibit a variety of mylonitic textures which may be
classified as protomylonites, mylonite gneisses, and
blastomylonites following the classification scheme of
Higgins (1971). At one locality north of Angikuni Lake, a
small layered inclusion of garnetiferous, clinopyroxene
granulite occurs within the mylonitized migmatite and
orthogneiss (unit 1). The inclusion, with its granulite facies
mineral assemblages, may represent a portion of deeper crust
partly assimilated during development of the orthogneiss-
migmatite complex or raised along a mylonite zone.

m

Granitoid gneisses to the west of the zone commonly show
deep red-brown biotite in their mineral assemblages, whereas
brown biotite is present in the rocks to the east; perhaps
indicating a higher temperature gradient to the west of the
zone (or relative uplift of the block west of the zone).
Although the mylonite zone may reflect many movements,
the latest mylonitization predates the emplacement of unit 6,
because the rocks in this unit do not show mylonitic textures.
Brittle deformation may have occurred in the mylonite zone
subsequent to intrusion of unit 6.

East trending faults probably postdate the northeast
faults but predate the Dubawnt Group rocks. Subsequent
movements on them displace the Dubawnt rocks. The
northwest trending faults and the minor north faults, which
displace the Dubawnt Group rocks, are considered younger
than east faults. The northwest trending faults are more
abundant on the northwest side of the major northeast
trending fault zones. Fault zones on the west half of the map
area are commonly filled with barren quartz veins containing
scattered fragments of country rocks.

Mineralization

Mineralization  was  noted in  several places
within the Christopher Island Formation.  Two uranium
occurrences —one north-northeast of Nowleye Lake is
associated with the basal units of the Christopher Island
Formation and a fractured window of basement gneiss, unit 1
(mineralization near unconformity), and the other, located
northeast of Nowleye Lake is close to the fault bounded
basement rocks and considered to be epigenetic-fracture
controlled mineralization. The former occurrence is
characterized by secondary uranium minerals ~ a light yellow
sklowdowskite, Mg (UO2)25i207.6H,0, and a dark vyellow
solid solution series, compreignacite, K,UgO19.11H20, and
becquerelite, CalgO19.11H,0 (A.R. Miller, personal com-
munication; mineral identifications by A.L. Littlejohn and
A.C. Roberts, Central Laboratories and Technical Services
Division. A third occurrence located north of Carruthers
Lake, appears to be genetically related to the fluorite-
bearing granitic intrusion (unit 12). Two occurrences of
sulphides, pyrite with minor chalcopyrite and malachite or
chalcopyrite, are associated with small shear zones within the
Christopher Island Formation. Several disseminated
pyritiferous zones of minor importance are present along
various shear zones both in the basement and in the
cover rocks.
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Abstract

The Akaitcho Group consists of 8 to 10 km of metavolcanic and metasedimentary rocks located
west of Hepburn Batholith and east of Wentzel Batholith in the central metamorphic core of Wopmay
Orogen (Bear Province). Mapping of the Akaitcho Group at 1:50 000 scale in the Hepburn Lake map
area revealed the following generalized stratigraphic sequence: (1) a lower basaltic unit of unknown
thickness, (2) 3-4 km of arkosic turbidites with 200-300 m of pelite at the base, intruded by sills of
rhyolite porphyry, (3) basalt and rhyolite volcanic complexes, and (4) 1-3 km of pelite and tuffaceous
sedimentary rocks, locally with abundant basaltic extrusive and intrusive rocks. The upper pelite is
conformably overlain by a distinctly different pelite that contains thin quartzite beds diagnostic of
the Odjick Formation (Epworth Group) east of Hepburn Batholith. The Akaitcho Group is therefore
interpreted to be older than and conformably beneath the western Epworth Group.

The Akaitcho Group metabasalts are LREE enriched tholeiites with geochemical similarities to
marginal basin basalts, Group II oceanic basalts and continental flood basalts. The Akaitcho Group
rhyolites may originate by crustal melting. The bimodal nature of the volcanism and its association
with coarse continent-derived sediments suggest that the Akaitcho Group was deposited in a rift. Its
stratigraphic position beneath the lower Epworth Group, a passive continental margin succession, is
consistent with the hypothesis that the Akaitcho Group preserves products of inital rifting in Wopmay

Orogen.

Introduction

The Akaitcho Group consists of early Proterozoic
(Aphebian) metavolcanic and metasedimentary rocks of the
Wopmay Orogen located west of the Hepburn Batholith and
east of the Wentzel Batholith (Hoffman et al., 1978). The
presence of bimodal volcanics in the Akaitcho Group led
Hoffman et al. (1978) to suspect that the Akaitcho Group
represented products of initial rifting of the Wopmay Orogen.
Testing of this hypothesis requires mapping and establishment
of the internal stratigraphy, depositional environment and
regional stratigraphic position of the Akaitcho Group.

Mapping of the Akaitcho Group in the Hepburn Lake
map area (86 J) was begun by the author in 1978 in
conjunction with 1:100 000 scale mapping of this area by
P.F. Hoffman and M.R. St-Onge (Geological Survey of
Canada Project 770019). The current research agreement
allowed the author to complete 1:50 000 scale mapping of the
Akaitcho Group in the Hepburn Lake map area and to collect
samples for geochemistry and geochronology. Studies of
these samples will constitute part of a doctoral dissertation
at Memorial University.

Regional Geology

Early Proterozoic (Aphebian) rocks of the Bear
Province compose the Wopmay Orogen (Hoffman, 1973;
1979; in press). The Wopmay Orogen can be divided into
four major tectonic zones. From east to west they are:
a foreland platform, a foreland fold and thrust belt, a
metamorphic and batholithic core zone, and a volcano-
plutonic belt (Hoffman, 1973; in press). The Akaitcho Group
is found in the metamorphic core zone and consists of 8 to
10 km of metasedimentary and metavolcanic rocks. The
Akaitcho Group is intruded on the east by the Hepburn
Batholith and on the west by the Wentzel Batholith
(Fig. 34.1, Hoffman et al., 1980). Regional metamorphism of
the Akaitcho Group ranges from chlorite (lower greenschist)

to above muscovite breakdown (upper amphibolite to
granulite) and is spatially related to the two batholiths
(St-Onge and Carmichael, 1979; Hoffman, 1980). The
dominant structural features in the Akaitcho Group are two
broad, north-south trending synclinorium-anticlinorium pairs
separated by the Okrark Thrust. Rocks of the Wentzel
Batholith and migmatized rocks of the Akaitcho Group are
truncated by the Wopmay Fault which juxtaposes these older
units against sedimentary and volcanic rocks of the Great
Bear Volcano-Plutonic belt. Following uplift and erosion in
the orogen, major northeast- and northwest-trending
transcurrent faults cut the area (Hoffman, 1980a). Dip-slip
reactivation of the transcurrent faults was in part
contemporaneous with deposition of the Hornby Bay Group
(Hoffman, 1980a). North trending normal faults associated
with the intrusion of the Muskox Intrusion and the Mackenzie
Set Il diabase dyke swarm were the last major geological
events occurring in the map area during the Precambrian,

Stratigraphy

A geological map of the Akaitcho Group in the
Hepburn Lake map area (86 J) is presented in Figure 6.1, A
generalized stratigraphic column for the Akaitcho Group is
presented in Figure 6.2. Briefly, the Akaitcho Group consists
of a lower basaltic sequence overlain by 200 to 300 m of
pelite which is in turn overlain by 3 to 4 km of arkosic
turbidites, Basalt and rhyolite volcanic complexes overlie
the arkosic turbidites. The volcanic complexes are overlain
by | to 3 km of pelite and volcaniclastic sedimentary rocks.
In some areas, an upper sequence of basaltic volcanic and
intrusive rocks is present above the pelites. The upper
volcanics are overlain by pelites of the Akaitcho Group.
Pelites containing thin quartzite beds characteristic of the
Odjick Formation (Epworth Group) conformably overlie the
Akaitcho Group. The conformable relation between the
Akaitcho Group and the overlying Odjick Formation was the
most significant discovery of the summer because it
establishes the relative age and stratigraphic position of the

~ Akaitcho Group.
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Figure 6.2. Generalized stratigraphic column for the
Akaitcho Group in the Hepburn Lake map area (86 J west
half). Units are as in Figure 6.1.

The following descriptions are meant to amplify the
legend for Figure 6.1 and the generalized stratigraphic
column for the Akaitcho Group presented in Figure 6.2 and
outlined above.

Akaitcho Group

The Akaitcho Group is inferred to have been deposited
on continental crust, as will be discussed later, although
basement to the Group has not been observed.

The oldest exposed rocks of the Akaitcho Group are
amphibolites and migmatized amphibolites (Unit 1) found in
the Wentzel lake area. The thickness of these rocks is
unknown, but is probably greater than 500 m. Three types of
amphibolite have been recognized, namely: fine grained,
compositionally banded amphibolites; medium grained,
foliated amphibolite and coarse grained foliated amphibolite
which may represent tuffs, flows and gabbros respectively.
Areas of extensive outcrop of amphibolite may represent
volcanic centres. The amphibolites are overlain by 200 to
300 m of finely banded, dark green or grey, now migmatized,
pelite.

The metapelites are overlain by 3 to &4 km of subarkosic
to arkosic turbidites (Unit 2). The turbidite beds are 10 to
100 cm thick with 1 to 10 cm thick grey to green weathering
argillaceous tops. The basal portions of the turbidite beds
are typically composed of medium sand, but locally, coarse

| km

sand to gritstone is present. Sedimentary structures are
rarely preserved in the turbidite sequence, but complete and
partial Bouma sequences were observed in two outcrops north
of Akaitcho Lake. Rounded grains of tourmaline, epidote and
zircon of probable detrital origin, are common in the coarser
turbidites.

Basalt and rhyolite volcanic complexes overlie the
arkosic turbidites. Two idealized volcanic complexes are
represented in Figure 6.2, The left-hand complex shows the
typical stratigraphy found in the volcanic complexes, namely,
a basal basalt pile capped by rhyolite. The right-hand
complex shows a variant of the typical volcanic complex
stratigraphy. Five volcanic complexes have been delineated
in the map area — the Sinister, Tuertok, Kapvik, Belleau and
Zephyr Volcanic Complexes (Fig. 6.3). The Sinister, Tuertok
and Kapvik Volcanic Complexes interfinger with each other,
as shown in detail in Figure 6.4, and they can be directly
correlated. The Zephyr and Belleau Volcanic Complexes are
isolated from, and cannot be directly correlated with the
other complexes.
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Figure 6.3. Distribution of Akaitcho Group volcanic rocks

and location of volcanic complexes in the Hepburn Lake map
area (86 J west half).
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Figure 6.4. Stratigraphic relations between the Sinister, Tuertok and Kapvik Volcanic Complexes
in the Marceau Thrust Slice. Figure represents a simplified cross-section along a north-south line
at about 115°35'W.
The volcanic complexes typically have a 2 km plus The only apparent exception to the general volcanic

thick base of green to dark green weathering, plagioclase
porphyritic and nonporphyritic pillowed and massive
metabasalts (Unit 3c) and basalt metatuffs (Unit 3d). The
proportion of flows to tuffs between the complexes is
variable (e.g. compare the Tuertok and Kapvik Volcanic
Complexes in Figure 6.4). The basal metabasalts are capped
by 1 to l.5km of pink and grey weathering, plagioclase,
quartz and orthoclase porphyritic metarhyolites (Unit 3e). In
cross-section, the metarhyolites form domical shaped
accumulations, with massive cores and brecciated margins.
The geometry and thickness of these porphyritic metarhyolite
accumulations is consistent with their being volcanic domes.

Wedges of metasandstone and siliceous metasiltstone
(Unit 3) are typically present on the north sides of the
porphyritic metarhyolite  domes. Intraformational

metaconglomerates (Unit 3j) containing volcanic, quartzite
and granitoid clasts, and volcanic breccias consisting of
angular blocks of rhyolite in a muddy matrix, possibly lahars,
are present on the south side of the porphyritic metarhyolite
domes. In addition, beds of rhyolite metatuff can be traced
for many kilometres south of the porphyritic metarhyolite
domes (e.g., the rhyolite centres overlying the Tuertok
Complex in Figure 6.4). Quartzites, marbles, and marble
containing 25 to 50 per cent quartz grit are commonly found
between the metarhyolite domes.
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stratigraphy is the Kapvik Volcanic Complex. In this
complex, the overlying porphyritic metarhyolites (Unit 3e)
are sparse, and, a | km thick sequence of aphanatic meta-
rhyolite flows and bedded tuffs (Unit 3a) underlies the basal
basalt pile (Units 3c and 3d) (Fig. 6.4). The aphanatic meta-
rhyolites and underlying arkosic turbidites are cut by a
gabbro sill swarm (Unit 3b) chemically indistinguishable from
the basal basalts. It is possible that aphanatic metarhyolites
and gabbro sill swarms underlie the other volcanic complexes,
because the bases of thee complexes, except for the southern
half of the Tuertok Complex, are not exposed.

Volcanism was mainly subaqueous, although some
porphyritic metarhyolites (Unit 3e) may be ash-flow tuffs and
hence subaerial. They are massive, 20 to 30 m thick,
homogeneous units and contain abundant lithic fragments and
broken phenocrysts throughout. These probable ash-flow
tuffs are restricted to the upper parts of the volcanic
complexes, and probably capped former volcanic islands. The
presence of carbonates (Unit 3j) and the greater abundance of
tuffs in the upper parts of the volcanic complexes is also
consistent with this interpretation.

The metabasalts exhibit a regional facies change from
north to south. In the north, large piles of pillowed meta-
basalt and massive porphyritic metarhyolites are present.



Basaltic and felsic metatuffs are uncommon in the north, but
increase in abundance southward (Fig. 6.4). Water depth is an
important factor in controlling explosive basaltic eruptions
(McBirney, 1963), and the north to south facies change in the
metabasalts could be interpreted to indicate increasing water
depths to the north. Alternatively, the facies changes could
reflect differences in volatile content of the original magmas
erupted to form the volcanic complexes.

The Belleau Volcanic Complex is a fault-bounded block
of west facing, chlorite grade metavolcanic rocks isolated
from the other volcanic complexes by the Belleau Fault
System (Fig. 6.3). The lower section of the Belleau Volcanic
Complex consists of 1 to 1.5 km of massive metabasalt, cut
by gabbro sills, with a few pillowed flows and interbedded
metapelites, cherts and basaltic metatuffs. The base of the
section is truncated by a fault. A 300 to 500 m thick,
compositionally zoned, intermediate composition lithic lapilli
tuff with a rhyolitic base, possibly an ash-flow, overlies the
metabasalts. Ten metres of chert and volcaniclastic meta-
sedimentary rocks separate the lapilli tuff from an upper
basalt section. The base of the upper basalt section is cut by
several 50 to 100 m thick gabbro sills. The upper basalt
section contains | to 1.5km of hard, pale green, pillowed
metabasalt and a few plagioclase porphyritic metabasalt
flows. The metabasalts are overlain by metapelites and
volcaniclastic metasedimentary rocks and a thick unit of
orthoclase, quartz and plagioclase porphyritic metarhyolite,
possibly the remains of a volcanic dome. Similar geo-
chemistry of the metabasalts (see later section) and the
presence of porphyritic metarhyolite capping the volcanic
pile suggests that the Belleau Volcanic Complex is
correlative with one or all of the Sinister, Tuertok and
Kapvik volcanic complexes.

Metavolcanic rocks of the Zephyr Volcanic Complex are
only exposed at sillimanite or higher metamorphic grade.
Although the Akaitcho Group lithologies are recognizable at
these grades, correlation is difficult, as the Zephyr Volcanic
Complex is isolated by the Zephyr Fault and Quaternary
cover of the Coppermine River valley from the other
volcanic complexes (Fig. 6.1, 6.3). The Zephyr Volcanic
Complex contains migmatized amphibolite (flows?) and
banded amphibolite (tuffs). Distinct mineral assemblages
within the banded amphibolite (tuffs).  Distinct mineral
assemblages within the banded amphibolite, e.g. garnet or
anthophyllite bearing bands, suggests that the bands bad
primary compositional diiferences, and hence probably were
tuffs. The presence of metarhyolite, marble and quartzite in
the Zephyr Volcanic Complex sugggest that the Zephyr
Complex is correlative with one or all of the Sinister,
Tuertok and Kapvik volcanic complexes. Lithologically, the
Zephyr Volcanic Complex most closely resembles the upper
part of the Tuertok Volcanic Complex. The Zephyr Volcanic
Complex is noteworthy because it contains fuchsite bearing
quartzites. The fuchsite bearing quartzites were only
observed outcropping in one area [5 km east of the Wopmay
Fault, but do not appear to be related to that structure.

Two lithologically distinct, but chemically identical,
types of rhyolite porphyry sills intrude arkosic turbidites
(Unit 2) in the Okrark Thrust Slice (Fig. 6.5). Most of the
sills are orthoclase, plagioclase and quartz porphyritic, red
weathering rocks (Unit 3g). Less abundant areally are grey to
pink-grey, strongly lineated plagioclase porphyry sills
containing less than 10 per cent quartz and orthoclase
(Unit 31). The two types of sills are geochemically indis-
tinguishable from the porphyritic metarhyolites (Unit 3e)
which cap the volcanic complexes in the Marceau Thrust
Slice (Table 6.1). Thus, Units 3e, 3f and 3g are though to be
comagmatic and roughly contemporaneous, and no difference
in relative age is inferred.

All of the volcanic complexes (Unit 3) are overlain by
and interfinger with 1 to 3 km of olive metapelites (Unit 4).
Unit & also includes many fine grained, thinly bedded rocks
which may be tuffs or volcaniclastic sediments. In thin
section, many of these problematic rocks contain more
quartz and muscovite than known tuffs, and hence they are
probably sedimentary in origin. Rounded epidote grains,
probably detrital in origin are found in coarser beds within
the sequence. The volcaniclastic sediments and the detrital
epidote indicate that many of the pelites were probably
derived from weathering of the adjacent volcanic complexes.
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Figure 6.5. Major tectonic elements within the Hepburn

Lake map area (86 J).. A more detailed map showing the
distribution of faults in the area is presented in
Hoffman (1980a).
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A later period of volcanism and intrusion occurred
during and after deposition of the metapelites. The meta-
pelites overlying the Sinister Volcanic Complex are overlain
by a second pile of basalt, now preserved as amphibolite and
migmatized amphibolite (Unit 5a). The top of the second
volcanic pile is truncated by the Hepburn Batholith., Gabbro
sills (Unit 5b) intrude the upper part of the Kapvik Volcanic
Complex and the metapelites overlying the Complex. Again,
the gabbro sill swarm and pelite are truncated by the
Hepburn Batholith. It is not clear whether these later basalts
represent a 'last gasp' of volcanism or a major period of
magmatism.

Akaitcho/Epworth Group Relations

Eight kilometres northwest of Hepburn Lake meta-
volcanics of the Tuertok Volcanic Complex are overlain by
1 km of biotite grade, eastward facing metapelites of the
Akaitcho Group (Unit #). These metapelites grade upward
into a 250 to 400 m thick unit of purple tinged, massive,
blocky weathering siliceous metasiltstone (Unit 5¢). The
metasiltstone changes upsection over 100 m into a greenish
metapelite containing the distinctive 2 to 5cm thick
quartzite beds diagnostic of the Odjick Formation of the
Epworth Group east of Hepburn Batholith (Hoffman et al.,
1978). The presence of contorted fine bedding, abundant
frost-heaved 'tombstone-shaped' blocks, well developed
metamorphic minerals and the distinctive cleavage/bedding
pattern of the greenish metapelite all suggest that this unit
(Unit 6a) is the Odjick Formaiton. This identification was
confirmed in the field by M.R. St-Onge and P.F. Hoffman.
The Odjick Formation is east facing, as is the underlying
Akaitcho Group, and although the staurclite and andalusite
isograds transect the contact at a small angle, the two groups
appear to be structurally conformable. A cryptic
disconformity cannot be ruled out however.

WEST

OKRARK THRUST
~SLICE

Wentzel Batholith

MARCEAU
SLICE

Similar relationships were also found 20 km south-
southwest of Hepburn Lake. East facing metapelites (Unit &)
intruded by gabbro sills (Unit 5b) are apparently overlain by
east facing metapelites of the Odjick Formation. Outcrop is
poor in this area, with the closest outcrops of the Akaitcho
and Epworth groups being 300 m apart. The overall
stratigraphy is similar to the sequence preserved northwest
of Hepburn Lake.

The conformable contact between the Akaitcho and the
Epworth groups indicates:

a. that the
Group; and

Akaitcho Group is older than the Epworth

b. that the Vaillant Formation metabasalts and the
Stanbridge Formation dolomite of the Epworth Group are
probably correlative with the uppermost part of the
Akaitcho Group. Marbles (Unit 3j) in the upper part of
the Tuertok Volcanic Complex are lithologically similar to
the Stanbridge Formation dolomite. The Vaillant
Formation basalts are chemically similar to the Belleau:
Formation basalts (Fig. 6.8, Table 6.1).

Structure

The Akaitcho Group in the map area is preserved in two
structural slices — the Okrark Thrust Slice and the Marceau
Thrust Slice — separated by the westward dipping Okrark
Thrust Fault (Fig. 6.5, 6.6). The Okrark Thrust Slice contains
an anticlinorium truncated by the Wopmay Fault and a
synclinorium with a hinge roughly parallel to the Okrark
Thrust (Fig. 6.5, 6.6). The anticlinorium was the locus for
intrusion of the Wentzel Batholith (Hoffman et al.,, 1980).
The lower volcanics, the arkosic turbidites, and parts of some
of the volcanic complexes are preserved in the Okrark Thrust
Slice. The Marceau Thrust Slice also contains a
synclinorium-anticlinorium pair, but in this slice, the
anticlinorium is truncated against the Okrark Thrust Fault,

EAST

THRUST

METAMORPHIC I1SOGRAD

(mark on high T side) °
—¥ _ orthoclase WF
—u_ sillimanite oT

= __ andalusite MT
**_ biotite
Figure 6.6.

10 km 20 30

Wopmay Fault
Okrark
Marceau Thrust

Thrust

Generalized cross-section across the Hepburn Lake map area at 66°25'N, showing

synclinoria-anticlinoria pairs and thrusts within the Akaitcho and Epworth Groups. Stratigraphic
units as in Figure 6.1. (modified from Figure 27.4, Hoffman et al., 1980).
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Figure 6.7. SiO; versus frequency for flow rocks of the

Akaitcho Group showing a distinct bimodal distribution.

and the synclinorium served as the locus for intrusion of the
Hepburn Batholith (Fig. 6.6) (Hofiman et al., 1980). The
volcanic complexes, the pelites, the later volcanics, and
slivers of arkosic turbidites are preserved in the Marceau
Thrust Slice. As the two structural slices contain differing
stratigraphy, the evidence that the Okrark Fault is a thrust
fault is important in establishing the validity of the
stratigraphic sequence outlined herein (Fig. 6.2).

The relative age relationships across the Okrark fault
have been determined by two means, and both indicate that
older rocks preserved in the Okrark Thrust Slice have been
thrust eastward over rocks preserved in the Marceau Thrust
Slice. This is consistent with the vergence of thrusting east
of Hepburn Batholith.

In the Marceau Thrust Slice, subarkosic and arkosic
turbidites lithologically similar to the Unit2 rocks are
present below the basal metarhyolite of the Kapvik Volcanic
Complex. East of Okrark Lake, arkosic turbidites are also
present below the basal basalts of the Tuertok Volcanic
Complex (Fig. 6.1, 6.4).  Thus, Unit2 arkoses probably
underlie the main volcanic complexes present in Unit 3.

In the Okrark Thrust Slice, rhyolite porphyry sills
(Unit 3f and 3g) intrusive into the arkosic turbidites (Unit 2)
are chemically indistinguishable from the high Zr porphyritic
rhyolites (Unit 3€) present in the upper parts of the Sinister
and Tuertok Volcanic Complexes. The restriction of high Zr
porphyritic rhyolites to the upper parts of Unit 3 volcanic
complexes, plus the chemical homogeneity of the sills and
rhyolites argues in favour of Units 3e, 3f, and 3g being
comagmatic.  Thus, Unit2 arkoses are older than the
volcanic complexes of Unit 3.

The structural history of the Akaitcho Group can be
summarized as follows. The Okrark Thrust Slice was
transported over the Marceau Thrust Slice and both were
broadly folded about northerly trending axes to form the
major anticlinorium-synclinorium pairs. It is uncertain
whether thrusting preceded or accompanied folding, but
thrusting was complete before the peak of metamorphism
because metamorphic isograds cross the Marceau Thrust
(Hoffman et al., 1980) and possibly the Okrark Thrust
(Fig. 6.1).  The isograds are related to the early
strongly-foliated plutons of Hepburn and Wentzel Batholiths
(St-Onge and Hoffman, 1980; Hoffman et al,, 1980). The
isograds and the early plutons are involved in at least
some of the broad folding but the late plutons of Hepburn
Batholith are  posttectonic. One such pluton, the Rib
Granite, has been dated by the Rb-Sr whole rock method as
1750 + 52 Ma (20 error, decay constant [.42x 107'' a™})
(Easton, unpublished data). This  pluton truncates
metamorphic isograds in the Akaitcho Group (Hoffman et al.,
1980) and therefore the age obtained is a minimum for
the peak of metamorphism. The Akaitcho Group was
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metamorphosed at about 10km depth (St-Onge and
Carmichael, 1979) but may have been rapidly unroofed as the
Wentzel Batholith is onlapped unconformably by sedimentary
rocks of the Great Bear Volcano-Plutonic belt (Hoffman and
McGlynn, 1977). A 20 km-long outlier of Great Bear
sedimentary and volcanic rocks lies unconformably on
migmatite derived from the Akaitcho Group at the western
edge of the map area south of Coppermine River (Fig. 6.1).

Geochemistry

One hundred and ninety trace and 60 major element
analyses of rocks from the map area were made by the author
using a Phillips 1450 X-Ray Spectrometer at Memorial
University. The results of these analyses confirm that the
Akaitcho Group metavolcanic rocks are bimodal (Fig. 6.7).

The Akaitcho Group metavolcanic rocks can be divided
into three groups on the basis of silica content (Fig. 6.7): 46
to 52% SiO,— basalt; 67 to 70% SiO,— low silica rhyolites; 70
to 75% SiO,— high silica rhyolites. The absence of rocks in
the 52 to 679% SiO; range is real, as all likely intermediate
composition rocks were sampled and analyzed.

Two chemical and lithological distinct types of rhyolite
are present in association with the main volcanic complexes
(Unit 3). The oldest are high SiO2, low Zr (150 to 200 ppm),
generally aphanatic rhyolites (Unit 3a) present at the base of
the Kapvik Volcanic Complex. The second type is the slightly
younger, lower SiOz, high Zr (250 to 300 ppm) porphyritic
rhyolite domes, flows and sills (Units 3e, 3f, and 3g) present
in the upper sections of the Sinister, Tuertok and Belleau
Complexes and intrusive into arkoses (unit 2) in the Okrark
Thrust Slice.

The incompatible trace element contents of both the
low and high Zr rhyolites are high for tholeiites, but they do
indicate that the rhyolites are not alkaline. The basalts also
have high incompatible trace element contents, hence, the
rhyolites could be genetically related to the basalts.
Alternatively, the high Ba, K, Rb, Y, Fe and Mn contents of
both types of rhyolite, the hlg]h radiogenic Sr content of the
high Zr rhyolites (range: ®’Sr/%%Sr.79 for ®7Rb/%6Sr 2.5
to 87Sr/®8Sr .89 for 87Rb/8%Sr 7.5) and the abundance of
these high SiO2 rocks suggest that the rhyolites could be
derived from melting of crustal materials. The presence of
granitoid cobbles in conglomerates (Unit 3j)) at the same
stratigraphic level as the porphyritic rhyolites (Unit 3e)
indicates that a granitic source area was near, and hence,
that crustal materials were available to be melted. REE
studies are in progress in an attempt to resolve the question
of origin of the rhyolites.

All the analyzed metabasalts plot well into the tholeiite
field on an alkali-silica diagram, despite the effects of
metamorphism and the high K contents of all rocks in the
map area (Easton, unpublished data). Y/Nb ratios for the
metabasalts range from 2 to 15, with Nb values ranging from
I to 18 ppm, indicating that the metabasalts are tholeiitic
(Pearce and Cann, 1973). Preliminary REE results indicate
that the Akaitcho Group metabasalts are LREE enriched, and
hence are either continental tholeiites or LIL enriched
oceanic basalts.

The metabasalts can be divided into 2 types on the basis
of where they plot on different trace element discrimination
diagrams. Type | basalts plot only in 'oceanic fields'. Type 2
basalts straddle all fields, but generally fall in ‘continental
and oceanic fields'. Figures 6.8a and b show the distinction
of the two basalt types on a Ti-K-P plot (Pearce et al., 1975)
and a Ti-Y-Zr plot (Pearce and Cann, 1973). Only the Belleau
and Vaillant metabasalts are Type 1. It should be emphasized
that these plots are used only to group the basalts and that
they do not necessarily have any significance concerning the
tectonic setting into which the Akaitcho Group metabasalts
were erupted.



The basalts of each well sampled (20 or more trace
element analyses) volcanic complex are distinctive both in

major and trace element chemistry, confirming the
delineation of the complexes on lithologic grounds.
Specifically, the Tuertok Complex is characterized by

extremely low Pb values (< 5 ppm), the Kapvik Complex by
high FeOt (> 13%), the Belleau and Vaillant metabasalts by
being Type | basalts, and the amphibolites in the Wentzel
Lake area by low (1 to 5 ppm) Nb contents.

Chemically, there are several modern analogs of the
Akaitcho Group basalts. These are: oceanic island basalts,
aseismic ridge basalts, back-arc basin basalts and Group II
oceanic basalts (Frey et al., 1977) (Table 6.1). In addition,
the Akaitcho Group basalts are similar to some continental
flood basalts, e.g. the average continental tholeiite of
Manson (1967) (Table 6.1). The lack of intermediate rocks, a
strong iron enrichment trend on AFM plots, and the limited
occurrence of coarse pyroclastic rocks preclude the Akaitcho
Group being calc-alkaline. Thus, on the basis of
geochemistry, it does not seem possible to designate a
specific tectonic setting for the Akaitcho Group LREE
enriched tholeiites, but they are not arc-related, they are not
alkaline, and they are not depleted tholeiites.

Interpretation

The Akaitcho Group is a bimodal rhyolite/basalt suite
containing associated volcaniclastic and continent-derived
clastic sedimentary rocks. The following lines of evidence
indicate that the Akaitcho Group was probably deposited in a
rift.

I. The presence of detrital epidote, zircon and tourmaline in
the abundant arkosic turbidites (Unit 2) in the lower part
of the Akaitcho Group indicates that a continental source
area was near during deposition of this unit.

2. The presence of granitoid and quartzite cobbles in con-
glomerates associated with the volcanic complexes

(Unit 3) indicate that a continental source are was near
during deposition of these units.

TiOp

TYPE | BASALT

TYPE 2 BASALT

MUSKOX
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a) Ti-K205-P,05 plot for Akaitcho Group metabasalts.
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3. The LREE tholeiitic metabasalts of the Akaitcho Group
are associated with rocks indicating the presence of a
nearby continental region, hence they are probably con-
tinental tholeiites. The geochemistry of the metabasalts
is consistent with their being continental tholeiites.

4. The high Ba, Rb, K, Fe, Mn, and Y content of the low and
high Zr rhyolites is consistent with these rocks being
derived from crustal melting.

5. The bimodal volcanism with a high felsic to mafic ratio
(0.2 to 0.3) is consistent with the Akaitcho Group being
deposited in a rift.

Basement to the Akaitcho Group has not been observed,
but the abundance of continent derived sedimentary rocks in
the lower part of the Group, and bimodal volcanism with a
high felsic to mafic ratio suggests that the Akaitcho Group in
the map area was deposited on continental crust. The
thickness of this crust is unknown, but by analogy with recent
rift terranes (e.g. Afar in Pilger and Rosler, 1975) probably
thinned to the west. The oldest rocks observed in the
Akaitcho Group in the map area are tholelitic basalts, and
hence, rifting may have been well advanced by the time these
basalts were erupted. Nevertheless, continental terranes
were nearby and shed voluminous arkosic turbidites into the
Akaitcho basin. As rifting progressed, large basalt volanoes
were constructed. The tholeiitic chemistry of the Akaitcho
Group basalts suggests significant amounts of partial melting
in the basaltic source region. The large volumes of basaltic
magma possibly introduced sufficient heat into the crust to
cause crustal melting to produce the abundant rhyolites. The
abundance of basalt tuffs in some of the volcanic complexes
suggest that they formed in shallow water. Possible welded
ash-flow tuffs indicate that the upper parts of the volcanoes
were probably erupted as islands. Deepening (and widening?)
of the depositional basin occurred with time, and the
Akaitcho Group was eventually buried by Epworth Group
pelites.

Ti/100

Vailtant Fm.

Belieau Volc, Complex

o
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b) Ti-Y-Zr plot for Akaitcho Group metabasalts.
Figure 6.8
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The lithologies present in the Akaitcho Group, the
geochemistry of the Akaitcho Group metavolcanic rocks, the
stratigraphic position of the Akaitcho Group beneath the
Epworth Group, and the inferred depositional history are
consistent with the Akaitcho Group preserving products of
rifting related to the formation of the Coronation continental
margin  during the Proterozoic, as suggested by
Hoffman et al. (1978).

Economic Potential

At first glance, the Akaitcho Group would seem to be a
likely exploration target for volcanogenic massive sulphide
deposits because of the presence of several areas where a
transition from mafic to felsic volcanism occurs in a sub-
aqueous environment. Closer examination shows that:

a. felsic volcanic breccias, which could serve as hosts for
ore deposition, are uncommon;

b. associated exhalative deposits, such as bedded chert, and
haematite and magnetite facies iron formations are rare;

c. although volcanism was subaqueous, it may not have
occurred in a marine setting, particularly in the lower-
most sections of the Akaitcho Group;

d. disseminated sulphides and mineral showings in the
Akaitcho Group are rare; and

e. the volcanism was tholelitic, not the calc-alkaline
volcanism commonly associated with volcanogenic
massive sulphide deposits (Sawkins, 1976).

Little is known about the type of mineral deposits associated
with a rift environment, the likely tectonic setting for the
Akaitcho Group; although the bimodal volcanism and coarse
grained continent derived clastic rocks suggests that if any
deposits are present, they should be of the sullivan or Broken
Hill Types (Ag, Pb, Zn, Cu) (Sawkins, 1976).
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ADDENDUM

REE data are now available for 530 Akaitcho Group volcanic rocks. Unit | amphibolites are
evolved continental tholeiites. The Kapvik, Tuertok and lower Belleau basalts have sloping REE
patterns (La/Yb — 10 to 15) and REE abundances characteristic of continental tholeiites such as the
Columbia River basalt (E.G. BCR-1). The upper Belleau basalts have flat REE patterns (La/Yb — 2 to
5) and abundances similar to oceanic basalts. The flat patterns are not LREE depleted. The change
in chemistry of the basalts from the older, evolved continental tholeiite to 'oceanic' thoeliites
supports the idea that the Akaitcho Group preserves products of rifting related to the formation of
the Coronation continental margin. The high and low Zr rhyolites have similar REE patterns and are
probably genetically related. The La/Yb ratio of the rhyolites (20 to 22) differs from that for the
basalts, REE abundances in the rhyolites are lower than the REE abundances in the most fractionated
basalts, and the rhyolite REE patterns are similar to the REE patterns for the upper crust. Combined
with the other evidence presented in this report, the REE data indicate that the rhyolites are almost
certainly derived from crustal fusion. An Rb-Sr whole rock age of 1881 £ 12 Ma (20) has been
obtained from 6 samples of a high Zr rhyolite porphyry sill near Kingarok Lake. This age is
considered an age of metamorphism.
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Canada, Paper 80-1B, p. 59-67, 1980.

Abstract
A semi-automated interpretation system for the vertical gradient of the total magnetic field is

described.

The system essentially involves manual selection of positions for analysis from the

contour map, followed by automatic interpolation and storage of the profiles. Interactive programs
using matched filtering or least-squares techniques are then used to estimate the parameters of the
causative sources. The least-squares approach can be applied to multibody situations by subtraction.

The effectiveness of the methods is illustrated by their application to the estimation of the
depth to magnetic sources in the Key Lake area of Saskatchewan presumed to lie at or near the
surface of Archean domes mantled by an Aphebian pelitic to semipelitic basal unit with graphitic

horizons.

Uranium-nickel orebodies occur in suitable structural traps in the basal unit at the

unconformity between the peneplaned domes and the overlying Athabasca formation sandstone.

Interpretation System

A computer-based system has been designed to
estimate the dimensions, magnetization strength, and depth
of magnetic sources. This system is based on techniques
developed earlier (Teskey, 1978) for total field
interpretation. However, the present system is intended
more specifically for the interpretation of vertical gradient
data.

The significant features of the vertical gradient are a
decreased sensitivity to dépth extent (for bodies more than
four times the depth of burial) and improved lateral
resolution. The net effect is to accentuate sources near the
surface of the crystalline rocks. Lateral offset and
termination of anomalies are, of course, indicative of faults
and fractures in the basement.

GRIDDED
GRADIOMETER
DATA

PREPROCESSING

INTERPOLATION
AND STORAGE PROCESSED
CATALOGUED OF RESULTS
MODEL DATA
PROFILES
MATCHED RELAXATION
FILTERING INTERPRETATION
INTERPRETATION SYSTEM
PLOTTING PLOTTING
(TEKTRONIX (TEKTRONIX
HARDCOPY) HARDCOPY)
FURTHER
PROCESSING AND
PLOTTING
Figure 7.1.  Gradiometer interpretation system.

The system, shown schematically in Figure 7.1, is
described briefly below.

Data Input

The gridded data are taken from the standard output of
the Geological Survey of Canada aeromagnetic data-
processing system (stored on magnetic tape). These data can
be preprocessed in order to enhance or improve the data's
interpretability through operations such as continuation,
calculation of derivatives or calculation of the vertical
component. This is done in all cases by converting to the
frequency domain with the fast fourier transform (FFT),
applying the appropriate weighting functions and then
reconverting the data back to the space domain.

The centre position, angle and number of profile points
are selected manually from the contour map and punched on
computer cards for each anomaly to be interpreted. Five:
profiles across the anomaly are then interpolated
automatically from the gridded data set and stored on disc
along with the above information. These data can then be
accessed by the matched filtering or relaxation program
through an identification number.

Matched Filtering

The basic operation of the matched filtering technique
is the calculation of the cross-covariance between the
interpolated data and pregenerated model data calculated
over the range of variables. (In this case width (A), strike
extent (B), and magnetic dip (o) for a prism model.) This
calculation is done over a range of offsetsj, such that the
cross-covariance

A (Ti - Tav) X (pj—N/2+i - IDav)

Cj =
i=1 Vt X VP
where:
N = number of points Vt = model variance
chosen for window v . .
= profile variance

T. = model values P

i Tav = model average
P. = profile values .

i Pav = profile average
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Figure 7.2.  Matched filtering interpretation program.
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Figure 7.3.  Relaxation program.
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(from Hoeve and Sibbald, 1979).

An exact match will result in a value of |Cj|=1, whereas a
complete mismatch gives a value of |C;j f:O. Thus the
criterion for the best match is that the value of | Cj| should
be closest to one. The depth of the causative body is found
by contracting or expanding the profile to improve the fit.
This is accomplished by first interpolating the profile set to
twenty times the original number of points, and then
sampling the expanded profiles over a range of intervals. The
magnetization estimate is obtained from the ratio Vp/Vt.
Further description of this technique plus a discussion of the
mode} choice is given in Teskey (1978).

The main advantages of this technique are:
1) No initial estimate of parameters are required.

2) The cost per depth estimate is much less than standard
techniques such as nonlinear least squares.

The flow chart for this program is shown in Figure 7.2.

The parameters to be varied for
each pass are selected by the
interpreter who then has the option
of a linear or nonlinear adjustment.
The process can be terminated and

the results rejected or returned to
LAKE disc as desired. The flow chart for
“ this program is shown in Figure 7.3.
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ll Application

Background

A high resolution magnetic

total field and gradiometer survey

| at an altitude of 150 m and with a
! line spacing of 300 m was flown
over the Key Lake area,
Saskatchewan in 1977 (Geological

| Survey of Canada, Open File 529).
Ip The location of the area is shown in
Figure 7.4 (Hoeve and Sibbald,
1978). Contour .maps of the total
field and vertical gradient are
| 55° shown in Figures7.5 and7.6.
Uranium and nickel mineralization
were discovered in this area in 1975
and 1976, and the area has
subsequently been the subject of

? SOUTHEND

Precambrian Shield of Saskatchewan, showing location of Key Lake

! extensive geological and
geochemical investigations
(Gatzweiler et al., 1979).
KILOMETERS
PR I o The geology of the Key Lake

area has been described by Ray
(1977). The geological environment
felt to be important for the
emplacement of the ore is shown in
Figure 7.7 (from Ray, 1977). It is
felt that circulating hydrothermal
fluids in the Athabasca sandstone deposited the minerals in
suitable structural traps upon coming in contact with the
reducing environment caused by the presence of graphite and
sulphides in the basal Wollaston group. The graphite and
sulphide horizons also act as electromagnetic conductors.
Some major magnetic trends appear to be related to the
Archean basement by extrapolation from the portion of the
area to the south of the Athabasca unconformity in which
some outcrop occurs (Ray, 1977). However the presence of
pyrrhotite in the Aphebian basal pelitic zone and up to five
per cent by volume magnetite in the Aphebian meta-arkose
units would also produce magnetic anomalies. Some
presumed -Hudsonian intrusives of basic to intermediate
composition are also noted in the area.
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Figure 7.5.

High sensitivity total field magnetic contours, Key Lake, Saskatchewan.
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Figure 7.6. Vertical gradient contours, Key Lake, Saskatchewan.
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The Key Lake orebodies are found along the
intersection of a northeasterly trending fault which extends
to the basal graphitic zone, and the sub-Athabasca
unconformity, on the northwest flank of a northeastern
Archean/Aphebian pericline.

The potential of the gradiometer for outlining the
contacts and the depth to periclinal bodies and for locating
faults tends to make it, with electromagnetics, a promising
method for exploration in this environment.

Interpretation

A preliminary study of the magnetic sources was
carried out for the Key Lake area. Anomaly selection and
depth estimates were made using the methods outlined in the
previous section. Refinement where necessary was done
using a modification of the relaxation program which uses
only the central profile thus enabling a simplified and much
cheaper generating function.

In order to maximize the usefulness of depth estimates
it is necessary to have some measure of the confidence to be
placed in a particular result. Initially this can be done by
examination of the total field and vertical gradient contour
maps (Fig. 7.4, 7.5). Clearly anomalies which are distorted or
overly affected by neighbouring sources must be given a
lower confidence level. The relationship between the total
field and vertical gradient anomalies is also indicative of the
nature of the source. For example, anomalies that appear
strongly in both fields with good correspondence are likely to
be due to sources which extend to great depth, whereas
anomalies that are strong only in the vertical gradient field
are probably due to shallower bodies.
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Proposed structure underlying Key Lake area. Sites considered favourable for ore
deposition are shown by an asterisk (from Ray, 1977).

An attempt to provide a numerical measure of the
confidence to be placed in a particular result was made by
analyzing the minimization surface, which is simply the sum
of squares difference between the data and that generated by
the model sources for various values of the source
parameters. This surface is shown in Figure 7.8 for an
anomaly due to a prism with a width and depth of four units
and a strike extent and depth extent of one hundred units.
The surface was calculated by varying the depth (H) and
width (A) from 0.5 to 10.0 units in steps of 0.5, calculating
the best least-squares value of the magnetization at each
point and then the sum-of-squares difference between the
current and ideal model. The correct solution, of course,
gives a difference of zero. The zero value can be seen to lie
in a narrow trough of low differences, within which the
solution is almost as good. Any interference or distortion
could cause the minimum to shift along this trough or even
for more than one local minimum to occur. As can be seen in
Figure 7.8, the residual error increases much more rapidly for
depths greater than the true depth. Thus, for the correct
choice of model, estimates are much more Jikely to be less
than the actual depth. The slope of the trough axis in the
width versus depth plane will also control the portion of the
uncertainty which will affect the depth estimate. For the
actual anomalies the procedure used was to vary A, from the
optimum value and then obtain 'best' values for depth and
magnetization, thus providing an estimate of the curvature
and slope of the solution trough. The confidence to be placed
in a particular solution is determined by (a) the overall
quality of fit (from the normalized residual error) and (b) the
inverse of the curvature of the surface along the axis of the
trough multiplied by the slope in the A-H plane
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(the resolution parameter). The smaller these values are the
better the fit and the higher the confidence for an individual
estimate, also taking into consideration the comments at the
beginning of this section. These quantities along with the
estimated magnetization and depth for each determination
are shown in Figure 7.9, where each box contains from top to
bottom — the anomaly number, estimated magnetization,
estimated depth, quality of fit parameter (residual error), and
resolution parameter.

Discussion

For the purpose of discussion the anomalies have been
separated into groups which appear to be related to a
common geological feature, as shown in Figure 7.9.

WIDTH (A)

Theoretical minimization surface for a prismatic source of width and depth for units.

Group I

Despite the offset between Anomalies 16 and 17, these
appear to be related by a common strike direction (east-west)
and character. Except for Anomaly 17, the depths are quite
consistent at approximately 100 m below surface (150 m must
be subtracted from the depth shown in Figure 7.9 as these
values are depth below the flight elevation). Anomaly 16 is
very prominent on both the total field and vertical gradient
and thus is probably due to a source of great depth extent.

Group II

This group forms a V-shaped pattern with Anomaly
subgroup 35, 36, 38 on the east-west arm and Anomalies 39,
77, 40 on the north-south trending arm. The north-south arm
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Figure 7.9.  Magnetization and depth estimates for Key Lake area as estimated from vertical gradiometer data.
Gartner and Deilmann orebodies are shown as hatched areas.
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is more prominent in the total field and thus is likely to be
due to sources of greater depth extent. The estimated depths
of this arm are very consistent ranging from 12 m to 25 m
below surface. The east-west arm is more erratic ranging
from 25 m to 79 m, however the low residual error for 35 and
38 indicates that more confidence should be placed in these.

Group III

Depth estimates in this group range from 36 m to 198 m
(Anomaly 64 must obviously be disregarded as it lies above
surface). The deeper estimates are concentrated in the
eastern portion. Good correlation between total field and
vertical gradient data is obtained from all but Anomaly 65 in
the western portion. The indication is that there is a break in
depth between Anomalies 9 and 18 with contributions from
just below surface to 250 m below surface in the east and
from surface to approximately 150 m below surface in the
western portion.

Group IV

This group includes three anomalies in a southwest-
northeast trend below Group Ill. Anomalies 79 and 80 give
depths of 33 and 25 m below surface, whereas Anomaly 63
indicates a depth of 225 m. The residual error for the latter
determination is quite high.

Group V

All but Anomalies 62, 68, and 75 show good correlation
between the total field and vertical gradient data. The
values for Anomaly 68 must be rejected because they
indicate a depth above the ground. The remaining estimates
vary from 25m to 139m, with one determination
(Anomaly 59) at 177 m below surface. The residual error for
this case is, however, quite high.

Group VI

This group forms a cluster on the southwest end of a
longer southwest-northeast trend. Correlation between the
total field and gradiometer is poor except for Anomalies 53,
57, and 58. Depth estimates vary from 13 m to 125 m below
surface.

Group VI

These anomalies appear on the continuation of Group VI
with Anomalies 26 and 27 included because of similar
appearance and proximity. Correlation between total field
and vertical gradient data is good. Depth estimates range
from 54 m to 225 m below surface.

Group VIIT

This group lies on a southwest-northeast trend
extending across the map area. Anomalies 41, 1, 2, 44, 49,
47, 50, 23 and 25 show good correspondence between the
total field and vertical gradient. Depth estimates range from
25 m to 100 m below surface in the western portion with two
estimates greater than 200 m on the eastern portion of the
trend.

Group IX

This group lies on a southwest-northeast trend to the
south of the previous group. All except Anomaly 24 show
good correspondence between the total field and vertical
gradient gradiometer. Depth estimates range from approxi-
mately 25 m to 200 m below surface, the deeper estimates
again coming from the eastern extremity.

Comparison with Drillhole Data

Depths to basement were provided by the Saskatchewan
Mining Development Corporation from holes drilled by
Uranerz in 1979. It was possible to compare the estimated
depth to the magnetic sources with the vertical depth to
basement at or near l4 anomaly locations. Good agreement
was obtained with drillhole trends between Anomalies 29
and 74 and along the orebodies between Anomalies 80 and 28.
The estimate from Anomaly 29, however, appears to be
shallow by approximately 50 m. Good agreement was also
obtained at Anomalies 73, 31, 33 and 37. The estimated
depth from Anomalies 61, 6, 73 and 32 appears to be too
great by 50 to 100 m, whereas that from Anomaly 38 is
shallow by approximately 30 m.

Conclusion

Depths to magnetic sources in the Key Lake map area
appear to range from about 50 m below surface on the west
to approximately 200 m below surface towards the east. As
mentioned earlier, individual determinations cannot be
considered as absolute because of the uncertainty depicted in
Figure 7.8. On the other hand the maximum depth is fairly
well defined and thus in the majority of cases can be taken as
the maximum depth for the sources. The Archean basement
is probably quite irregular, accounting for some of the
variation. Depth extent is primarily shown by good
correlation between the total field and vertical gradient and
as this condition corresponds to the model, indicates more
reliable results. An additional indication of reliability is the
residual error and to a lesser extent the resolution
parameter. The  maximum information from the
aeromagnetic data can only be attained by relating anomalies
to the causative sources through drilthole information. This
information could be used to determine the correct models to
be used, thus improving reliability.
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Abstract

The movement of diamond drills by tracked vehicle and sleighs in central District of Keewatin
was studied during the summer of 1979. Drill movement by tracked vehicle in some cases produced
ruts up to 15 cm deep and/or completely severed the vegetation mat. In spite of this, in the short-
term, the level of disturbance did not increase noticeably beyond that of the primary disturbance.
There was no evidence of substantial induced thermokarst subsidence in an area of well drained till.

Loading by the vehicle was not uniform along the length of its track but was higher under the
bogie wheels. Patterned ground forms such as ice wedge polygons, hummocks, and mudboils are
common in the Lone Gull area. The topographic irregularities produced by these features may be
sufficient to induce normal stresses up to 500 per cent higher than those recorded on a flat surface.

Introduction A nest of pressure sensors was buried at a selected location,
then the vehicle was manoeuvered into position over the
sensors.  The gauges were read manually as the drive
sprocket (S) and each wheel (numbered along one side from
the front, W1, W2, W3) and intermediate points between the
wheels passed over the sensors (Fig. 8.2, 8.3).

At Lone Gull Lake, located some 80 km west of Baker
Lake, District of Keewatin, a #0-man camp was maintained
by Urangesellschaft Canada Ltd. in support of a delineation
drilling program (Fig. 8.1). At the request of Department of
Indian and Northern Affairs (DINA) a program was initiated

primarily to monitor the terrain disturbance resulting from The track of the vehicle had a series of bolts anchoring
the movement of diamond drilling equipment using a tracked cleats to the track bottom (Fig. 8.2). The cleats formed a
vehicle on different material types and under various depression for the bogie wheels such that the centre of the
conditions throughout the summer. Tests to study the normal track protruded below the main track surface. The pressure
stress on the ground surface produced by the vehicle sensors were buried at depths of 5 and 10 cm at the track
movement also were conducted. The four diamond drills used edge and track centre, respectively to avoid sensor damage
were commonly moved less than 50 m within a 3 km? area. It from the cleats. On the basis of Newmark stress with depth
was originally planned to use a tracked vehicle for the charts (Lambe and Whitman, 1969), the pressure differential
majority of moves; unfortunately, because of a contract recorded at these depths represents about 90 per cent of the
dispute, the tracked vehicle was used only to a limited actual normal stress generated at the ground surface;
degree, and a helicopter was used in its place. This paper however, no corrections were made in the data presented.

presents preliminary results of the monitoring program. A
discussion of all aspects of the 1979 program is presented by Flat Ground Test
Ferris (1980). —_—

For the test on flat ground, one gauge was placed under

the central portion of the left track and one under the outer

Acknowledgments edge of the left track. A graph of normal stress on the

The authors would like to thank the following for the ground surface produced when different portions of the
support provided: D.M. Barnett, K. MaciInnes, J. Umpherson, vehicle were positioned over the sensors is presented in
and  J. Scotti (DINA) and P.Hesse and K. Greip Figure 8.3, The numbering sequence of the wheels and
(Urangesellschaft Canada Ltd.). sprocket form the abscissa of the graph.

Normal Stress Tests

The vehicle used for drill movement was identified by
the owner as a Nodwell RN-75, having a single track width of
1.06 m and a length of 3.85 m. These dimensions resulted in
an average normal stress on the ground of less than 13.0 kPa.

All normal stress tests were conducted with the empty
vehicle only; planned tests with the vehicle under load or
moving a drill were not carried out because of contractual
problems between Urangesellschaft and the vehicle owner.
The tests are not definitive but indicate that topographic
irregularities, such as hummocks or other patterned ground
forms, may act to localize normal and shear stresses
significantly above those expected on the basis of flat ground

performance. /
The tests were designed to determine the normal stress ' m m&f’ @

applied by the vehicle on till. The three tests included: b - e — S —

1) a traverse of flat ground, 2) crossing hummocky terrain

headon, and 3) crossing hummocky terrain side-on (Fig. 8.2).

LONE GULL SITE

%, Egssuuzsc
< LAKES
PoWTER,
LAKE

Figure 8.1.  Lone Gull Lake site, the location of the vehicle
monitoring program.
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In this test and in subsequent tests differential
pressures generated when a wheel passed over the sensor
were substantially higher than when a portion of the track
with no wheel immediately above passed over the sensor.
Loads were not distributed uniformly over the entire track;
the wheels provided pressure points where stresses were
commonly 300 per cent higher than under the rest of the
track. This may have resulted in part from incorrect track
tension; if the track is too slack the wheels act as pressure
points.

Because a ridge protruded along the centre of the
track, normal stress was greater under the track centre than
under the edge. In spite of this variation, measured

differential pressures were essentially the same as those
expected on the basis of load and track area computations.

2
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Figure 8.2 Test sites where normal stresses applied by a track
measured: A, site of the flat ground test. B, site of the hummocky terrain, side-on
test. The site of the hummocky terrain, head-on test was similar to that of B. Note
the channel formed by the track cleats which act as a guide for the bogie wheels.

ed vehicle were

Soil compaction was limited as the pressure gauges returned
to or near 0.0 kPa after the vehicle had passed over the site
(Fig. 8.3).

Head-on Hummock Traverse

Three pressure sensors were used for this test: (1) was
located on flat ground at the edge of the track; (2) was
located on flat ground under the centre of the track, and
(3) was located on a hummock top under the track centre
(Fig. 8.2, 8.3). Predictably, readings were highest at sensors
(1) and (2) when the vehicle began to climb the hummock;
differential pressures 100 per cent higher than those recorded
in the flat ground test were generated. As the front wheel
passed over the hummock, pressures of 55.5 kPa, or 500 per
cent higher than the highest values
recorded during the flat ground test,
were measured. Compaction occurred
at sensor sites (2) and (3) as total
relaxation (0.0 kPa) did not occur after
the passage of the vehicle, and depres-
sions 2 to 15 c¢m in depth were produced
(Fig. 8.2).

Side-on Hummock Traverse

In this test the vehicle listed to
one side as it was driven over a
hummock. Three sensors were
positioned under the lower track: under
either edge and in the track centre
(Fig. 8.2, 8.3). The highest readings
were recorded in the track centre
(24.0 kPa), and as might be expected
lower readings were recorded under the
inside of the lower track than under the
outside track edge (maxima of 6.9 and
13.8 kPa, respectively).

Drill Movement

Substantial disturbance resulted
from a single drill move by tracked
vehicle across an area of till on
June 18, 1979. The drill was moved on
a wooden skid, 5.5m long and 3.5m
wide, on three runners 0.15m wide.
The drill with the mast removed was
winched onto the skid which then was
dragged by Nodwell to the next site.
The theoretical average normal stress
applied by the loaded skid was less than
13.0 kPa.

The till surface is dominated by
bare centre mudboils that have well
vegetated borders. Three trips were
required to move the drill and its
associated equipment between sites, a
distance of  approximately 50 m.
Because the vehicle and skid required a
large turning radius, a substantial
ground area was traversed by the
vehicle (Fig. 8.4).

Little disturbance occurred when
the skid was empty, and the vehicle and
skid moved forward in a straight line,
such as when the vehicle first
entered the drilling area (A, Fig. 8.4).
The ground-bearing capacity measured
by a pocket penetrometer averaged
53 kPa, a value substantially higher
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Figure 8.3. Normal stress on the ground surface produced by a tracked vehicle. The numbers (1),
(2), and (3) refer to the location of individual pressure sensors (see text).
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Figure 8.4.  Aerial photograph of vehicle tracks associated with the June 18, 1979 drill move.
X' locates the position of the drill prior to the move. When the vehicle with the unloaded skid in tow
travelled in a straight line, such as at 'A’ where it first entered the area, little disturbance occurred.
Small radius turns under load caused the greatest terrain disturbance.
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than the static theoretical or measured flat ground normal
stress exerted by the vehicle or the skid. In spite of a high
bearing capacity, ruts up to 15 cm deep were produced due to
track slippage when the drill was moved. Slippage occurred
during start-up under load, and sheets of vegetation were
sheared from their roots. In some cases the damage appeared
minimal, but the vegetation mat could be turned over by hand
(Fig. 8.5). Sharp turns resulted in shearing under at least one
track, and in addition the ground surface was ploughed by the
skid runners as they slipped sideways across the tundra. The
latter occurrence was aggravated by cracked joists on the
skid which placed undue load on the central runner (Fig. 8.6).
The steel cleats of the vehicle cut the vegetation into
strips. It Is not known whether these strips will reroot or
whether they will die; however, the larger severed mats
(Fig. 8.5) did not show any signs of recovery by the end
of the summer.

» & 3 g

Figure 8.5.

flipped over easily by hand.

Figure 8.6.
vehicle moving a drill.
subsidence by means of bedstead recorder (see text).
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An area of apparently limited disturbance. The tracked vehicle
moved the drill across this particular site without creating ruts; however, the
vegetation mat was severed at the root layer, and pieces of the mat could be

3 i L

An area of rutting associated with sharp turns made by the
The tracks in the foreground were monitored for

As a result of the disturbance level of this single move,
the company decided to suspend drill movement by tracked
vehicle until a more suitable skid was obtained. Later,
because of a contractual dispute, tracked vehicle movement
was suspended completely for the summer.

Track Monitoring

An area of two single vehicle passes associated with the
June 18, 1979 drill move was monitored to determine whether
the level of disturbance increased over time as a result of
thermokarst subsidence (Fig. 8.6). A bedstead recorder was
installed to record ground surface movement.

The bedstead consisted of three copper-clad rods,
1.6 cm in diameter and 2.4 m long, which were driven into
the permafrost. The rods were
arranged in a straight line and spaced
3 m apart. Aluminum tubing was run
between and was attached securely to
the rods. Holes were drilled perpen-
dicular to the ground surface at 15 cm
intervals along the tubing, and
aluminum rods were passed through the
holes to rest on locators on the ground
surface. The change in position of the
aluminum rods, relative to the tubing,
provided a measure of ground heave or
subsidence. The system is similar to
one described by James (1971). The
bedstead recorder monitored both
disturbed terrain, associated with two
vehicle passes, and adjacent
nondisturbed terrain.

. Ground surface movement
relative to the ground surface position
on June 21, 1979 at the bedstead site is
presented in Figure 8.7. During the
latter part of June some surface heave
occurred as a result of diurnal or short
duration freezebacks. Wet areas with
high heat capacities, such as the track
depressions, generally did not heave in
response to these short-term
fluctuations about the freezing point
(see June 25, Fig. 8.7).

\ By the end of the monitoring
18 period the ground surface in the

tracked areas had subsided to a greater
degree than at the nondisturbed sites;
however, the variation was small.
Typical subsidence values by August 27,
1979  were 5.5cm in  zones of
disturbance and 4.0 cm in nondisturbed
vegetated areas (Fig. 8.7). The
majority of the recorded subsidence
resulted from simple active layer thaw
progression: During winter freezeback
segregated ice forms in the active layer
causing the ground to heave, and during
summer thaw the ground subsides. The
yearly subsidence values are similar to
those reported for till in the Henik
Lake region, central District of
Keewatin (Egginton, 1979). The
difference in subsidence between the
disturbed and undisturbed sites (1.5 cm)
was associated with a thickening of the
active layer at the disturbed sites.
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Figure 8.7.

Ground surface movement at the bedstead site 1979 (see Fig. 8.6). Two passes over the

same area were monitored. LT1 and LT2 locate the left track during pass 1 and pass 2, respectively.

The level of disturbance was not identical for both passes or tracks.

M.B. locates a mudboil centre.

All movements were measured relative to the position of the ground surface on June 21, 1979.

The thaw progression of the active layer was
periodically measured throughout the summer by probing with
a thin metal rod. For two weeks following the June 18, 1979
drill move the depth of thaw increased more rapidly in the
terrain disturbed by vehicle passage than in adjacent
undisturbed areas (see June 2} and July I, Fig. 8.8). This
rapid increase in thaw depth in the disturbed terrain is
associated with a localized decrease in albedo and an
associated increase in surface temperature (Ferris, 1980). As
the depth of thaw increased beyond 100 cm, the rate of thaw
became more uniform at the site as a result of heat
dissipation throughout the thawed zone. Depth of thaw in the
disturbed areas (=139.0cm) was greater than in the
nondisturbed areas (=131.0 cm).

Discussion

The drill move on June 18, 1979 resulted in an increase
in the active layer in the tracked areas in comparison to the
undisturbed sites. It is assumed that all portions of the
bedstead site with similar vegetation cover had the same
equilibrium  active layer depth (131.0cm) prior to
disturbance. Because up to 15.0 cm of the active layer was
removed by rutting and because disturbed sites developed
equilibrium active layers typically 8.0 cm (139.0-131.0 cm)
greater than nondisturbed sites, some degradation of the
permafrost obviously occurred. The total degradation can be
calculated as follows: Approximately 15.0cm of the
permafrost degraded to replace that portion of the active
layer removed by rutting. The change in surface
characteristics (albedo, ground surface temperature, etc.) at

the disturbed sites caused the active layer to thicken by an
additional 8.0 cm (139.0-131.0). In addition, the difference in
subsidence between disturbed and nondisturbed sites, [.5 cm
(5.5-4.0), is attributed to the degradation of ground ice in the
permafrost. Therefore, the total degradation of the
permafrost in the disturbed till monitored was approximately
24.5 cm (15.0 + 8.0 + 1.5 cm).

In spite of the degradation, it is interesting to note that
only limited thermokarst subsidence was associated with it;
however, massive ground ice is not typical of till in this
region.

A complete program of monitoring vehicle performance
on the various terrain types at Lone Gull Lake was not
possible in 1979. Cursory observations here and elsewhere in
central District of Keewatin suggest that in poorly drained
sites, small ponds may form at the junction of two or more
sets of vehicle tracks, inducing thermal degradation of the
permafrost. Marine or alluvial deposits in low-lying areas
overlain by a thick vegetation mat may be particularly
vulnerable. These areas can contain significant volumes of
segregated and/or foliated ice (ice wedges). The vegetation
provides considerable insulation as thaw depths measured in
alluvial deposits at Lone Gull Lake were only 25 per cent of
those on nearby more sparsely vegetated upland till areas. In
1979, the disruption of the vegetation mat by vehicle
movement at test sites in low-lying areas lead to a localized
thickening of the active layer by 300 per cent and to some
thermokarst subsidence (Ferris, 1980).
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Figure 8.8. Thaw depth progression associated with the bedstead recorder site. Although the

ground surface (0.0) is displayed as being flat, ruts up to 15 cm deep occurred in the track centres,

LT1, RT1, etc. (see Fig. 8.6).

Summary and Future Studies

Small irregularities in the surface topography of more
or less flat terrain were sufficient to increase normal
stresses produced by a tracked vehicle 500 per cent above
those produced on a flat surface. The distribution of shear
stresses may be assumed to be similarly affected by local
topographic variation. Track tension is important for an even
load distribution; a slack track causes undue stress to be
placed on the ground surface under the bogie wheels. All
stress tests conducted in 1979 were static tests; future tests
are planned to include dynamic loading by the vehicle.
An attempt will be made to relate vehicle operating
procedure, geotechnical properties of the materials, and
terrain performance.

To date only limited information on terrain
performance is available. A single drill move by the tracked
vehicle on June 18, 1979 produced ruts up to 15 cm in depth
in an area of well drained till. The vegetation mat was
sheared as a result of track slippage during start-up under
load. Track slippage also occurred when tight turns were
made. In spite of this disturbance, there was no evidence of
substantial thermokarst subsidence in an area of well drained
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till. In future this type of monitoring will be expanded to
cover the range of surficial materials present in the area.
The effect of single and multiple passes on disturbance levels
also will be investigated.
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Abstract

Data on late Quaternary sea levels in the Beaufort Sea are extremely limited, yet the sea level
chronology in this area is of some importance for studies of continental ice loading, submarine
permafrost and ice scour, and deltaic sedimentation. The evidence suggests that deviations from
published eustatic curves have occurred in the region, and indeed the concept of local correspondence
with a worldwide eustatic pattern appears to be outmoded. A hypothetical history for the Mackenzie
Delta is proposed which includes limited isostatic depression due to late Wisconsin ice, minor uplift,
and renewed subsidence due to forebulge collapse or sediment loading. A mid-Wisconsin transgression
of the order of 10 m higher than present sea level is suggested by evidence in the Mackenzie Delta
area and in north Alaska, but no evidence for sea levels higher than present since the late Wisconsin
has been found west of Cape Bathurst. Coastal marphology, radiocarbon and archeological dates, and

plausible mechanisms suggest a recent and perhaps continuing regional submergence.

The tidal

record at Tuktoyaktuk is insufficient to resolve the contemporary trend of sea level.

Introduction

This report is an attempt to collate available data
pertaining to late Quaternary sea level fluctuations in the
Mackenzie Delta area and elsewhere in the southern Beaufort
Sea. It is the third in a series of regional summaries, in
which the Pacific Coast (Clague, 1975) and the Queen
Elizabeth Islands (Blake, 1976) have figured previously.
These form part of the contribution of the Terrain Sciences
Division to the International Geological Correlation
Programme (IGCP) Project 61 on Holocene sea level changes.

Late Quaternary sea levels are perhaps less well
documented in the southern Beaufort Sea than in any other
major coastal region in Canada. Without a sea level
chronology, the duration and areal extent of seafloor
emergence in late Quaternary time cannot be established.
This data gap presents a serious impediment to studies of
submarine permafrost and ice scour processes in the Beaufort
Sea, and of the history of the distinctive sedimentary bodies,
notably the Mackenzie Delta (C.P. Lewis, 1977), found in the
region. Mackay (1963) presented a review of sea level data in
the Mackenzie Delta area, and it is noteworthy that few
additional !'*C dates of relevance have become available
since then. However subsequent reinterpretation of late
Wisconsin ice limits, some additional stratigraphic and
chronological data, and consideration of characteristic litho-
spheric response in ice-marginal areas, suggest a history
involving neither postglacial sea levels higher than present
nor exact correspondence with published eustatic curves.

The concept of a 'stable’ locality, in which the sea level
history can be taken to represent a global or 'eustatic' trend,
is suspect (Curray and Shepard, 1972). Indeed it is now
clearly evident from recent geophysical studies, particularly
that of Walcott (1972a), that deformation of the earth at
great distances from former ice sheets may occur in response
to the redistribution of load accompanying climatic change.
Furthermore, isostatic depression beneath large loads such as
the Laurentide Ice Sheet may be accompanied by forebulge
uplift in ice-marginal areas; such a feature has been
documented in eastern North America (e.g. Grant, 1975;
Walcott, 1972b). Therefore it is not possible, in the Beaufort
Sea area, to assume that insignificant isostatic adjustments
and close correspondence with 'worldwide eustatic' curves
have occurred. Unfortunately the data base in the southern
Beaufort Sea does not yet permit the establishment of the
local history in any but the most general terms.

Regional Setting and History of Wisconsin Glaciation

The physiography of the region is summarized in
Figures 9.1 and 9.2. The Beaufort Sea shelf trends roughly
east-west and is relatively narrow (40 to 100 km) and shallow,
with the shelf break at 100 m depth or less. West of the
Mackenzie Delta, the subaerial Arctic Coastal Plain, also
narrow (10 to 100 km), is flanked on the south by mountains
that form parts of the Romanzoff Uplift and Aklavik Arch.
East of the Delta, the Coastal Plain occupies the
Tuktoyaktuk Peninsula and merges with an extensive plain
south of Eskimo Lakes and Liverpool Bay. The Aklavik Arch
trends northeast from the Richardson Mountains beneath the
Mackenzie Delta; it was active locally as late as mid-
Tertiary time (Norris, 1973). Thick accumulations of
Cretaceous and Tertiary clastic sediments are found off the
northwest flank of the Aklavik Arch (in the vicinity of
Kugmallit Bay) and in structural depressions within the Arch.
The Mackenzie Delta occupies a glacially scoured structural
depression, developed by late Cretaceous block faulting
(Yorath, 1973). This depression extends seaward to
Mackenzie Canyon as a partially infilled box-like trough,
trending northwest across the shelf to intersect the
continental slope at a depth of about 400 m (Canadian
Hydrographic Service, 1973a; Shearer, 1972). West of the
Delta, the Arctic Coastal Plain merges on the south with an
extensive post-Paleocene pediment. This surface and under-
lying beds rise towards and into the mountains, but appear
also to be tilted down towards the northwest (Rampton, in
press) with a slope of approximately 0.75 m/km. The date of
the presumed tilting has not been established.

Parts of this region were glaciated in early Wisconsin
time or earlier by Laurentide ice moving west and northwest
along the Mackenzie trough out across the Beaufort Sea shelf
and adjacent coastal plain. The early Wisconsin advance has
been termed the Buckland Glaciation (Rampton, in press).
The limit of this glaciation, plotted in Figure 9.2 (after
Hughes, 1972), lies against the northern slope of the
Richardson Mountains, along the southern edge of the coastal
plain, and across the present coast west of Herschel Island.
East of the Mackenzie Delta, the limit lies north of Eskimo
Lakes and southern Liverpool Bay, extending north into
Kugmallit Bay east of Tuktoyaktuk.

Extensively deformed frozen sediments on Herschel
Island, the coastal hills southeast of Kay Point, and
elsewhere, are considered to be the result of ice thrusting by
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Figure 9.1.  Location map showing Beaufort Sea coast from Point Barrow, Alaska to Banks Island.
Note, submarine valley delimited by the 50 m isobath north of Kugmallit Bay, broad shelf north of
Cape Bathurst, and partially infilled trough of Mackenzie Canyon trending northwest from the delta

front off Herschel Island.

the early Wisconsin advance (Mackay, 1959). This event
appears to be much older than 40 000 years (Mackay et al.,
1972) and may be Ilinoian (J.R. Mackay, personal
communication, 1979). From evidence of a late Wisconsin ice
limit descending northward to less than 300 m a.s.l. west of
Aklavik (Hughes, 1972) and to less than 200 m near Inuvik
(Rampton, in press), it is now thought that late Wisconsin ice
did not extend northwest of Shallow Bay (Mackenzie Delta
front) and may have been less extensive than previously
believed east of the Mackenzie Delta (J.R. Mackay, personal
communication, 1979; Rampton, in press). The prominent
moraine ridge parallel to the Yukon coast, previously
considered to be the probable late Wisconsin limit, recently
has been interpreted as the southern margin of a major
stillstand or readvance (termed the Sabine phase) of the
Buckland (early or pre-Wisconsin) Glaciation (Rampton, in
press). The inferred date of maximum late Wisconsin ice
extent in this area is between 13 500 and 14 000 vyears
B.P. (Prest, 1969; Mackay et al., 1972).

Chronological Control and Evidence of
Varying Sea Level

Radiocarbon and archeological dates relevant to the
history of sea level in the southern Beaufort Sea are listed
under three regional headings in Table 9.1. Most dates
provide circumstantial or negative evidence and very few
allow the position of a former shoreline to be fixed with any
confidence. In the following discussion, present elevations of
shore or other features are given relative to modern datum
(e.g., '-10 m' refers to a depth of 10 m below present mean
sea level).

Numerous topographic elements point to changes in the
relative elevation of land and sea in this region. Emergent
terrace or beach features of widely varying age are present,
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although not prominent, throughout the region. All
apparently predate late Wisconsin glaciation. On the other
hand, submerged fluvial topography is evident in several
places beneath the Beaufort Sea (Mackay, 1963;
D.M. Hopkins, personal communication, 1979). A rise of sea
level is indicated by many drowned valleys along the coast
(Fig. 9.3), including Roland Bay and inlets east of King Point
on the Yukon coast, Canyanek Inlet and Tuktoyaktuk Harbour
on Kugmallit Bay, and several estuaries and embayments in
Liverpool Bay.

Evidence suggesting recent rise of mean sea level
comes from archeological sites of Thule culture at Cape
Kellett, southwest Banks Island (Fig. 9.1), that in the early
1950s were being undermined by storm tides (Manning, 1953)
and from Thule sites on Herschel Island below modern sea
level (R.J. MacNeish, cited by Bird, 1967; B. Walker-Yorga,
personal communication, 1979). These sites may be less than
1000 years old. At Stokes Point, on the central Yukon coast,
a series of old beach ridges, developed under a regime of net
southeastward  longshore  drift, shows  evidence of
submergence in the older {western) part of the complex
(Fig. 9.4). In the absence of subsurface data, however, thaw
or other consolidation processes cannot be eliminated as
plausible causes of local subsidence. Nevertheless, the entire
southern Beaufort Sea coast, dominated by barrier and spit
deposits, lagoons, and numerous drowned valleys, presents a
classic example of submergent morphology.

Emergent Coastal Features of Mid-Wisconsin Age or Older

Terraces adjacent to Harrowby Bay, Wood Bay, and the
Kugaluk River estuary were originally thought to
demonstrate marine transgression postdating the last ice
advance (Mackay, 1963). This conclusion was strongly
supported by the belief that a late Wisconsin ice margin
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Mackenzie Delta area and Yukon coast, showing limits of Buckland Glaciation and late

Wisconsin advance. Locations of Figures 9.3 and 9.4 are indicated.

existed along Tuktoyaktuk Peninsula, as indicated for
example by Mackay et al. (1972). The late Wisconsin ice is
now thought to have stopped south of Liverpool Bay
(J.R. Mackay, personal communication, 1979), and the
terraces may represent a mid-Wisconsin or earlier
transgression.  Alternatively, they may represent outwash
valley train deposits of various ages, graded to sea level at or
below present datum; several dates cited in Table 9.1A
support this hypothesis (V.N. Rampton, personal
communication, 1979).

Other subdued terrace features are present on Garry
Island (elevation approximately +& m) with marine shells
dated >35 000 years B.P. (GSC-562; Kerfoot, 1969; revised
date in Lowdon et al.,, 1971). On Pullen Island at +3 m,
pelecypod shells from beach gravel cutting older sands were
dated >23 000 years B.P. (GSC-1877; Lowdon and Blake, 1976,
sample collected by J.M. Shearer). Downstream from
Reindeer Station along East Channel, Mackenzie Delta,
fluvial or deltaic sediments no younger than early Wisconsin
are found up to about +50 m (Mackay and Mathews, 1973).

On the Alaskan coast marine shells in the upper Gubik
Formation near Kogru River, with a finite date in the mid-
Wisconsin, indicate a sea level about +15 m (E. Reimnitz,
personal communication, 1978). In the Point Barrow area, a
transgression to +8 m or higher in mid-Wisconsin time has
been reported by Sellmann and Brown (1973).

Evidence for Early or Late Wisconsin Marine Regression

Sagavanirktok River valley (Fig. 9.1) extended north
and west from the present outlet to a depth of at least -50 m
(D.M. Hopkins, personal communication, 1979). Other data
kindly provided by Hopkins point to widespread emergence of
the Beaufort Shelf north of Alaska; these include a date of
42 000 £ 1440 years B.P. (USGS-249) for an extensive
detrital peat layer at about -50 m.

A valley extending northward from Kugmallit Bay
(Canadian Hydrographic Service, 1973b) and a broad terrace
that may represent a delta at about -50 m (Mackay, 1963)
north of Liverpool Bay (Canadian Hydrographic Service, 1974;
see Fig. 9.1) may indicate the lowest Wisconsin sea level in
this region. The Kugmallit Bay valley is well defined
at -70 m, may be present at -80 m, and reappears on the
chart as a narrow feature that may have originated as a
submarine canyon at -90 m and deeper. Assuming a minimum
sea level between -70 and -80 m and a rough estimate of
global Wisconsin eustatic depression amounting to -92m
(Flint, 1971, p. 318) or -100 m (Dillon and Oldale, 1978), there
is weak evidence of 10 to 20 m of isostatic subsidence during
glacial loading of the Mackenzie Delta area. The argument
remains tenuous, and it is not known whether the postulated
shoreline at or below -70m dates from early or late
Wisconsin time. In addition, the minimum sea level in the
region may not necessarily have been contemporary with the
global eustatic minimum.
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Figure 9.3.  Examples of drowned valleys, southern Beaufort Sea coast. See Figure 9.2 for locations.

Figure 9.4. Beach ridges at Stokes Point, Yukon coast. Ridges deposited under net southeastward
longshore drift, prograding from left to right. Older ridges at left are partially flooded due to local
subsidence, regional submergence, or both. Photograph taken 20 September 1970 following a major
storm surge one week earlier. Some flooding at centre right may result in part from surge and
impoundment by road between high ground and airstrip. Portion of NAPL photo A22013-13.



Further evidence of lower sea levels is provided by
submarine permafrost and ground ice under the Beaufort Sea
(Mackay, 1972). The thickness of offshore permafrost
suggests that some areas of the present shelf may have been
emergent for at least 50 000 years (J.R. Mackay, personal
communication, 1979). In addition, relict ice scour tracks on
the seafloor may record a period of lower sea level. At
present, ice scour occurs at depths of less than 50 m
(C.F.M. Lewis, 1977), but relict scour depressions have been
found as deep as -75 m (Pelletier and Shearer, 1972). The age
of the deepest features is not known; if they are postglacial,
they point to sea level at -25 m or lower, assuming no change
in the draught of ice keels has occurred.

Shearer (1971, 1972) reported results of seismic
reflection profiling over the Mackenzie Canyon. He
described "a fill of well-bedded outwash deltaic deposits
overlying a seismically heterogeneous and irregular-shaped
basal till-like wunit..." and concluded: "The observed
stratigraphy can be adequately represented by the irregular
advance and retreat of one ice tongue during classical [late]
Wisconsin" (Shearer, 1972, p. 180). This basal deposit is here
considered to represent the Buckland Glaciation (early
Wisconsin or earlier) of Rampton (in press). The age and
depositional environment of the bedded fluvial or
glaciofluvial deposits overlying the till are not known. These
stratified deposits exhibit an upward trend of decreasing
seaward slope and are essentially horizontal at the upper
contact with overlying muds, considered to be postglacial.
The upper part of the stratified valley fill may correspond to
a near-minimum late Wisconsin sea level in the Mackenzie
Delta area, at about -65 m. The abrupt upward transition to
mud reflects an environmental change related either to
recession of the Mackenzie ice tongue Eca. 13 000 years ago)
or to rapidly rising sea level (date uncertain) or to both
(see following section).

Shearer (1971) noted the consistent occurrence of a
break in slope where early Wisconsin and older beds are
truncated at the top of the western canyon wall. The break
occurs at increasingly shallow depths towards the southeast,
rising approximately 0.5 m/km. The break in slope might
plausibly be interpreted as a synchronous shoreline, tilted
following its formation. The slope is comparable to that of
the pediment, described above, suggesting a common regional
tectonic cause. However, tilting of the hypothesized shore-
line would also be consistent with a late Wisconsin ice load
and associated isostatic depression to the southeast during
formation of the shore. A unit identified as the offshore
equivalent of ice thrust deposits along the Yukon coast
(Shearer, 1971, his Fig. 3) is truncated by a surface that
would then postdate Buckland Glaciation. It may be
hypothesized that this surface developed during marine
transgression in post-Buckland or Holocene time, in which
case a minimum sea level between -60and -80m is
suggested.

Postglacial Sea Levels

Evidence exists of postglacial transgression on southern
Banks Island to +l11 m or higher ca. 11000 years ago
(J.G. Fyles in Dyck etal., 1965). Vincent (1978) has
described a late Wisconsin or Holocene transgression (termed
the Shuyter Point Sea) at +20 m in eastern and southern
Banks Island. No indication of an early postglacial sea level
higher than present, however, has been found west of Cape
Bathurst. Numerous dates at or close to modern sea level in
the Mackenzie Delta area and to the west (Tables 9.1A, 9.1B)
pertain to subaerial environments, providing collective
evidence against a higher postglacial datum in the region.
Dates defining postglacial sea level are extremely rare, as
are stratigraphic data from the Mackenzie Delta.

Johnston and Brown (1965) reported results of coring
near the eastern edge of the trough in the southern
Mackenzie Delta near Inuvik. The generalized stratigraphy,
from the delta surface at approximately +5m, was
as follows:

0-30 m thinly stratified organic sandy silt.
30-55m  stratified fine-medium sand with thin
organic layers
55-70 m very dense silty clay with:

55-63 m no pebbles

63-67 m scattered pebbles

67-70 m high concentration of pebbles
70 m  dolomitic limestone (bedrock).

A glaciomarine environment is suggested by high
porewater salinity (28 °/,,) in the basal silty clay and pebble
unit, which has been interpreted as a till (Johnston and
Brown, 1965). Although activity characteristics of the clay
at the base suggest a freshwater source, marine
encroachment against a receding ice front may be
hypothesized. This scenario would give a minimum sea level
of -65 m at the time of deglaciation in the southern delta
(about 12 000 years ago). This estimate is not adjusted for
(unknown) depth of sea water at the site and the potentially
contrasting effects of postdepositional compaction and ice
segregation in delta sediments.

The stratified sand unit overlying the silty clay may be
interpreted as a fluvial, deltaic, or estuarine unit deposited
at or not far below sea level. A wood fragment found in
association with thin peat layers at a depth of 38.3 m yielded
a radiocarbon date of 6900 + 110 years B.P. (GSC-54;
Johnston and Brown, 1965). This is a single uncorroborated
date and is the only date on organic material at depth in the
Mackenzie Delta. Assuming the date is without major error
and closely approximates the time of deposition, it indicates
sea level no lower than -33 m and probabiy no higher than
about -18 m (Mackay, 1963) ca. 6900 years ago. If, however,
the sample comes from a channel-fill deposit, no upper limit
can be placed on sea level at the time of deposition.
Furthermore, recent data from nine jet drillholes in the
modern delta suggest that the stratigraphy described by
Johnston and Brown (1965) is not generally representative of
the delta (C.P. Lewis, personal communication, 1979).

The only other evidence providing time control for
postglacial submergence in the Mackenzie Delta comes from
a group of eroded pingos near the delta front (Mackay, 1963;
Mackay and Stager, 1966). From one pingo on the modern
delta, they report dates of 1470 + 175 and 2700 + 200 years
B.P. (I-1154, I-1155) on twigs taken from deformed delta
sediments. From another pingo nearby, a date of 3210 + 400
years B.P. (I-1153) was obtained for lake sediment at -0.6 m
(corrected). These would seem to suggest relatively recent
minor submergence. This may be due to local thaw or
compaction, or it may reflect crustal downwarping.
Compaction is probably limited at the present time due to
the presence of permafrost, an inference supported by the
relative absence of morphological features characteristic of
local subsidence in deltas.

Wagner (1972) has reported two dates from marine
shells collected in the Beaufort Sea. A pelecypod sample
obtained 0.2 m below the bottom in 54 m of water (near
70°57'N, 131°25'W), dated 700 *+ 180 years B.P. (GSC-1509),
clearly postdates the transgression at that location. Another
shell sample from a depth of 322 m (near 70°22'N, 137°33'W)
yielded a date of 3530 * 240 years B.P. (GSC-1511). The
depth habitat of the animal, tentatively identified as
Buccinum sp., was estimated less than 50 m by Wagner (1972),
who inferred that the elevation of sea level 3500 years ago
was approximately -270m. As has been suggested by
W. Blake, Jr. (in Lowdon and Blake, 1973, p. 46-47), this is in
contradiction to a large body of evidence, and it is more
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Figure 9.5. Sea level data and hypothesized history, Mackenzie Delta and adjacent areas.

The broken lines indicate a hypothetical envelope of sea level in this region.

probable either that the shell has been transported from its
original habitat or that the animal could tolerate depths
much greater than 50 m.

Crustal flexure In response to Mackenzie Delta
sedimentation (Richards, 1950) may be responsible for a
component of Holocene subsidence in the region. Negative
anomalies in the gravity field, -40 mgals or lower, occur over
Shallow Bay, Mackenzie Canyon, and Kugmallit Bay, with a
positive anomaly over the outer shelf (Hornal et al., 1970),
broadly reflecting the pattern expected due to sediment
loading at a continental margin (Walcott, 1972c). These
anomalies may be due largely to the thick accumulation of
Tertiary and Cretaceous clastic sediments in the area (Hornal
et al., 1970; Norris, 1973).

An estimate of the lithospheric response to loading by
the modern delta alone can be obtained using models of
crustal flexure, in which the lithosphere is treated as a thin
elastic sheet overlying a fluid asthenosphere. For short-term
loads of duration 10°® to 10" years, such as the modern
Mackenzie Delta, a combined viscous and elastic response is
indicated, with relatively high values of flexural rigidity
(Walcott, 1970b). As a first approximation, it may be
assumed that the Mackenzie Delta would be supported
elastically, with the lithosphere depressed some distance
beyond the edge of the load. If the behaviour observed at
proglacial Lakes Algonquin and Agassiz is accepted as an
appropriate analogue, the flexural parameter of the litho-
sphere may be taken to be about o = 200 km (Walcott, 1970b).
This would allow subsidence to extend about 600 km from the
location at which a point load is applied.
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Assume p = 3300 kg.m™? for the density of material
below the lithosn[?here and p_ = 1900 kg.m_a, typical of frozen
sediments in the modern defta (R.J.E. Brown, cited by Smith
and Hwang, 1973), for the overlying material. The area of
the load is about 800 km?, and its average thickness is taken
as 100 m. We obtain a load P = 1.5 x 10'®N, Now the
maximum deflection under a point load P can be computed as
(Walcott, 1970a):

P
w(Q) = ——
4a2(pm—p J8

This gives an estimate of w = 7 m for the maximum down-
warping due to the assumed load. If we apply the solution for
a line load given by Gunn (1943, equation 19), taking the delta
as a rectangular block of thickness 100 m and width 40 km,
we obtain w = 5m. These computations do not consider the
possible ongoing effects of earlier ice-, water-, or sediment-
loading in the area, nor do they take into account the
complex structure of the Mackenzie trough and adjacent
region (Yorath, 1973). It does appear, however, that part of
the observed subsidence in the Mackenzie Delta area and
over a considerable distance along the coast may be
attributable to the sediment load applied since deglaciation.

On the Yukon coast, the earliest sea level data with
time control come from organic material in the Babbage
Delta. The oldest sample, S-1481 (Table 9.1B), is considered



suspect and may have been reworked from older peat
exposures in the area. The same may, of course, be true of
other samples also, but two of the dates, 2260 * 130 years
(S-1482) and 2110 * 90 years {GSC-2691), suggest mean
sedimentation rates that are compatible with observed
seasonal accumulation at the present time. These dates refer
to horizons at present sea level. A date of 2100 + 80 years
(GSC-2323) on peat from -1.3 m (overlying ice and gravel)
may indicate a rise of sea level during this interval, if
potential ice segregation or thaw are eliminated.
Archeological sites on Herschel Island, reported to be as low
as -1.8 m (Bird, 1967), suggest a similar trend. A Thule
culture winter house site recently has been excavated there
and is tentatively dated between 900 and 1100 years B.P.
(B. Walker-Yorga, personal communication, 1979). The two
older samples (S-1532 and S$-1534, Table 9.1B) were obtained
from oil-soaked deposits and may be considered to date ca.
400 years younger than indicated, after application of a sea
mammal adjustment. "Midden deposits were...excavated at
low tide from below the waterline...Additionally, house
timbers and midden were observed below water and farther
into the bay in the vicinity of the site" (B. Walker-Yorga,
personal communication, 1979). These data suggest a sea
level no higher than -1 m and probably somewhat lower ca.
1000 years ago; again, however, thaw consolidation may have
been a factor. The limited data from the Yukon coast imply
a rise of sea level within the envelope of 'eustatic' curves
that have been proposed for the Holocene, but in excess of
changes attributable to global variation in glacial volume
during the past few thousand years (Walcott, 1975).

In northern Alaska, efforts have been made to obtain
material from the Beaufort Shelf that would date the trans-
gression, but problems related to stratigraphic interpretation,
reworking of sediments, and contamination by anomalously
old carbon have prevented any unambiguous conclusions
(E. Reimnitz, personal communication, 1978). Driftwood
found at -1l m in lagoon sediments near Barrow, Alaska,
yielded a date of 6450 * 200 years (Tx-220; Faas, 1966). In
Simpson Lagoon near Kuparuk River, a date of #118 * 189
years (AU-91) was obtained on terrestrial organic material
found at -5.5m, but some thaw consolidation is thought to
have occurred here (E. Reimnitz, personal communication,
1978). Finally, a set of dates from Point Barrow (Table 9.1C)
has been interpreted as evidence both of minor submergence
.and of short-lived highstands {up to +i m) within the past
2000 years (Hume, 1965; Brown and Sellmann, 1966). The
data suggest a datum at -2 m during occupation of the Birnirk
archeological site ca. 1500 years ago (Hume, 1965). Evidence
for the higher sea level comes from driftwood within old
beach ridges I m higher than the highest modern beach.
Fluctuations of the sort reported are not inconsistent with
the minor eustatic variations suggested by Fairbridge (1961),
although the details at Point Barrow do not correspond
exactly with Fairbridge's curve. It would seem, however,
that ice thrusting of beach sediment, such as has been
observed elsewhere on the Beaufort Sea coast, or possible
variations in sea-ice distribution and mean fetch, leading to
occurrences of higher storm wave or surge height at Barrow,
cannot be eliminated as possible causes of the high beach
ridges. No other evidence of recent sea level higher than
present has been reported from the Beaufort Sea coast.

Tide data for Tuktoyaktuk have been examined for
recent trend of sea level. Linear regression against time of
monthly mean tide level suggests a rise of 38 mm during the
interval 1952-1975; however, the slope of the trend is not
significantly different from zero; the standard deviation of
the monthly tide is 160 mm.

Discussion

Dates and corresponding elevations for the period since
about 15000 years ago are plotted in Figure 9.5. The
following general conclusions are indicated. A hypothetical
sea level history for the Mackenzie Delta, within the
envelope indicated by the broken lines, is at least as
consistent with the limited data as is a selected 'eustatic'
curve (solid line) taken from Curray (1965). Departures of
the hypothetical history from Curray's curve suggest limited
isostatic depression due to late Wisconsin ice prior to 13 000
years ago, followed by uplift and then renewed subsidence,
related either to migration and collapse of a forebulge or to
depression under sediment loading, or perhaps to both; this
subsidence possibly is continuing at present. The pattern of
marginal forebulge collapse observed on the Atlantic coast of
North America may be a useful analogue.

The proposed Beaufort Sea curve is presented as a
working hypothesis to encourage further consideration of the
sea level problem in the Mackenzie Delta area. Further
exploration of delta stratigraphy would be particularly
helpful in elucidating the history of transgression and the
nature of the subsidence. The sequence hypothesized here is
in keeping with the general pattern predicted by Clark et al.
(1978) and with a computed curve, using the mode!l outlined
therein, for a point off the Alaska coast (J.T. Andrews,
personal communication, 1978). More field data, however,
are required to test such a model and to corroborate the
existing limited evidence.

Marine transgression and coastal erosion, rapid
sedimentation in the Mackenzie Delta and Canyon, and
partial removal of the record by late Wisconsin ice have
contributed to an extreme paucity of data on late Quaternary
sea levels in this region. Additional complications include
anomalously old carbon (coal, reworked peat and wood,
possibly old ocean water) and reworking of shelf sediment by
ice scour. This report, while offering a preliminary
interpretation of sea level history in the Mackenzie Delta
area, serves primarily to emphasize the need for more data
and the danger of assuming a standard eustatic model.

With the exception of the high driftwood at Point
Barrow, a broad regional correlation is apparent within the
past 3000 years. The coastal morphology, radiocarbon and
archeological dates, and plausible mechanisms all point to a
recent and perhaps continuing regional submergence. At
present it is not possible to discriminate between potential
causes, which may include crustal loading, relaxation of late
Wisconsin isostatic effects, epeirogenic subsidence, and a
possible component of contemporary eustatic change. Nor
can the rate of submergence be assessed adequately, although
further geological and archeological work and continuation of
existing tide gauges may eventually permit a quantitative
estimate of the contemporary trend.
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Table 9.1A

Radiocarbon dates, Mackenzie Delta area

Elevation Reported age

Location (m) Material Reference Lab. No.? (years B.P.)
Garry Island +9 marine pelecypod Kerfoot, 1969; GSC-562 > 35 000
69°30'N, 135°40'W shells from corrected date

terrace repre- in GSC XI

senting sea

level (+9 to

+15 m)
Island south of +9 Astarte GSC XI GSC-690 > 37 000
Kendall Island shells from
69°21'N, 135°22'W terrace as on

Garry Island
Pullen Island +3 pelecypod shells GSC XVI GSC-1877 > 23 000
69°46'N, 134°24'W from gravel

cutting older

sands
Ibyuk Pingo near ? organic silt in GSC XIII GSC-512 14 130 =+ 440
Tuktoyaktuk mudflow under
69°24'N, 133°04'W lake sediments
Ibyuk Pingo ? peat 0.3 m above GSC XIII GSC-481 17 860 x 260
69°24'N, 133°04'W GSC-512 in mud-

flow deposit
Ibyuk Pingo -6+22 driftwood from Muller, 1962 S-69 12000 £ 300
69°24'N, 133°04'W lake sediments

overlying mud

flow deposit
Tuktoyaktuk +3.7 woody peat from  GSC XIII GSC-1458 9460 * 140
pingo tunnel icy lake silts
69°27'N, 133°01'W over gravel

and ice
Eskimo Lakes -6+ 22 wood fragment Mackay, 1963 1-483 10 800 * 300
69°32'N, 130°55'W
Tununuk Point +14 peat GSC XIlI GSC-1286 11 000 + 160
(Mackenzie Delta)
69°00'N, 134°40'W
Tuktoyaktuk +3 peat over beach GSC XVI GSC-1676 8160 £ 140
Harbour 6.4 km gravel, over-
south of DEW lain by
Line station colluvium
69°23'N, 132°59'W
Mackenzie Delta -38 wood fragment GSC 1; GSC-54 6200 + |]0O
NRC borehole Johnston and
near Inuvik Brown, 1965

68°18'N, 133°50'W

'Radiocarbon dating laboratories:

AU - University of Alaska, Fairbanks
GSC - Geological Survey of Canada, Ottawa

GX - Geochron Laboratories, Cambridge, Massachusetts
I - Teledyne Isotopes, Westwood, New Jersey
S - Saskatchewan Research Council, Saskatoon

Tx - University of Texas, Austin

USGS - U.S. Geological Survey, Menlo Park, California
W -~ U.S. Geological Survey, Reston, Virginia

2Estimated original elevation after correction for pingo uplift

3Elevation above modern berm

*Suggest sea level approximately -2 m




Table 9.1A (continued)

Elevation Reported age

Location (m) Material Reference Lab. No.! (years B.P.)
Shallow Bay >-52 wood fragments Mackay and I-1154 1470 £ 175
68°55'N, 135°57'W in peat beds Stager, 1966;

and inter- Mackay, 1963

stratified sand

deposited at

about +1.5 m?
Shallow Bay >-52 same same I-1155 2700 + 200
68°55'N, 135°57'W
Richards Island -0.62 wood in sandy Mackay and I-1153 3210 * 400
69°25'N, 134°21'W silt with shell Stager, 1966

fragments;

lacustrine?
Richards Island -52 wood? in lake or same [-1152 9155 £ 500
69°25'N, 134°21'W shallow marine

clay with shells

and vein ice
Kugaluk River +10 wood from grey Mackay, 1963 1-482 > 38 000
N of 69°15'N crossbedded

sand in terrace
Kugaluk River peat over sand GSC XVIII GSC-1303 10 900 = 160
69°20'N, 130°55'W and overlain

by sand and

gravel in low

terrace
Mason River +2.1 peat and wood GSC XVIII GSC-2029 8650 £ 80
69°55'N, 128°26'W in silty sand;

soil within

loess
Cy Peck Inlet +1 wood and bark GSC XVIII GSC-1974 33 800 =+ 880
70°20'N, 127°57'W at base of 4 m

of crossbedded

sand
Beaufort Sea =54 valve of Wagner, 1972; GSC-1509 700 180
70°57'N, 131°25'W pelecypod GSC XII

Astarte

borealis

0.2 m below

bottom
Beaufort Sea -322 gastropod shell Wagner, 1972; GSC-1511 3530 + 240

70°22'N, 137°33'W

( Buccinum sp.?)
4.0 m below
bottom

GSC XIII
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Table 9.1B

Radiocarbon dates, Yukon Coast*

Elevation Reported age
Location (m) Material Reference Lab. No.! (years B.P.)
Backhouse River +2 wood (Betula) GSC XVI GSC-1853 10 500 £ 80
3.2 km west of from peat in
mouth icewedge cast
69°36'N, 140°36'W in fan gravel
under 0.5 m
organic silt
7.5 km west of +5 wood (Salix) GSC XVI GSC-1838 10 200 + 120
Komakuk Beach from peat in
69°35'N, 140°22'W fan? gravel
under 2 m
organic silt
2 km east of +10 peat pod in GSC XVI GSC-1808 9610 = 90
Roland Bay oxidized
69°22'N, 138°52'W bouldery sand
over till,
under 4 m lake
clay with peat
Kay Point +1 peat from base GSC XVI GSC-480 9710 £ 140
scarp south of of ice-wedge
point bordering cast in
lagoon glaciofluvial
69°17'N, 138°23'W sand and gravel
under peat
Kay Point +1.8 peat from base GSC XVI GSC-1872 7170 +70
scarp 1.6 km of ice-wedge
southeast cast in glacio-
69°17'N, 138°22'W fluvial gravel
beneath lake
sediments,
peat, and sand
Babbage Delta 0 plant material unpublished S-1481 3075 =+ 180
69°13'N, 137°27'W in delta-plain
sediments GSC-2691 2110 £ 90
Babbage Delta 0 peat underlying unpublished S-1482 2260 £ 130
69°15'N, 137°27'W 0.9 m
stratified
silt and sand
Babbage lagoon -0.1 peat extending unpublished S-1479 2775 £ 105
shore south of undetermined
Niakolik Point depth below
69°15'N, 137°30'W sea level
Babbage Delta -1.3 peat from base unpublished GSC-2323 2100 £ 80
69°14'N, 137°27'W of 2.6 m of
peat with
excess ice
over massive
ice over gravel
+0.8 peat from base unpublished GSC-2330 1380 £ 80
of active
layer
Herschel Island -0.7 charcoal in B. Walker-Yorga S-1533 990 + 95
69°34'N, 138°48'W basal midden personal ‘
below house communication,
floor 1979
Herschel Island -0.7 charcoal in same S-1532 1570 £ 60
69°34'N, 138°48'W basal midden
Herschel Island -0.7 charred fat same S-1534 1510 =90

69°34'N, 138°48'W

in basal midden

*See Table 9.1C for footnotes.




Table 9.1C

Radiocarbon dates, north Alaska Coast

Elevation Reported age
Location (m) Material Reference Lab. No.! (years B.P.)
Point Barrow area +4.2 thin-layered Sellmann and [-1384 25 300 £ 2 300
beach ridge west organics in Brown, 1973
of Elson Lagoon beach deposits W-2676 > 44 000
71°19'N, 156°36'W
. . - 2 900
approximately +2 thin organic same [-2359 37 000 = 2 000
same layer in clean
sand W-2679 36 000 £ 2 000
Stefansson -50 from widespread D.M. Hopkins USGS-249 42 800 + 1 440
Sound detrital peat personal
70°42'N, 148°34"W layer communication,
1979
Esatkuat Lagoon -11 driftwood in Faas, 1966 Tx-220 6450 + 200
near Barrow lagoon
71°18'N, 156°47'W sediment
Simpson Lagoon -5.5 tundra AU 1 AU-91 4118  + 189
off Kuparuk River vegetation
70°26'N, 148°47'W
Point Barrow < 18 driftwood in Péwé and 1-387 1100 + 120
71°23'N, 156°29'W beach ridge Church, 1962 1-388 1090 £ 140
I-389 10 800 + 300
Point Barrow +1.7 beach ridge . Hume, 1965 GX-0380 1700+ 110
71°23'N, 156°29'W +1.4 ' GX-0381 2365 100
+2.0 GX-0230 5575 £ 375
Point Barrow 0 freshwater peat Brown and 1-1868 2650 £ 160
71°21'N, 156°34'w -0.8 freshwater peat Sellmann, 1966 1-1949 2860 + 140
-1.5 freshwater peat 1-1869 4570 £ 130
Point Barrow 0* Birnirk culture Hume, 1965 estimated from [1450]
71°21'N, 156°34'W dwellings radiocarbon
dates on
Birnirk sites
nearby

' Radiocarbon dating laboratories:

AU - University of Alaska, Fairbanks
GSC - Geological Survey of Canada, Ottawa

GX - Geochron Laboratories, Cambridge, Massachusetts
I - Teledyne Isotopes, Westwood, New Jersey
S - Saskatchewan Research Council, Saskatoon

Tx - University of Texas, Austin

USGS - U.S. Geological Survey, Menlo Park, California
W - U.S. Geological Survey, Reston, Virginia

ZEstimated original elevation after correction for pingo uplift
*Elevation above modern berm

“Suggest sea level approximately -2 m
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Abstract

Polydeformed and metamorphosed semipelites, informally termed the Schist group, outcrop on
Glover Island in the core of a major south-plunging anticline. These rocks are structurally overlain by
the dominantly mafic Glover Formation which is divided into three map units. The lowermost unit is
the Glover Island complex which is interpreted as a dismembered ophiolite. It is nonconformably
overlain by a conglomerate unit. A volcanic unit stratigraphically overlies the conglomerate unit.

Structures related to five deformational events (D1-D5) are recognized in the Schist group. A
chlorite grade, penetrative schistosity (S1) formed during D1 and was overprinted by porphyroblasts
of biotite, albite and garnet during the D1 to D2 interkinematic time interval. These porphyroblasts
are deformed by a well developed crenulation cleavage (S2). S1 and S2 are subparallel and form a
composite schistosity folded by numerous, open, minor F3 folds. All of these structures and rocks are
involved in a major, late deformation (D4) which produced the large scale, south-plunging anticline on

Glover Island. Minor open folds (F5) and high angle faulting followed this event.

The Glover Formation contains a chlorite grade, composite schistosity (S1'/S2') that has
undergone the same D3-D5 structural history as the underlying Schist group. This composite
schistosity consists of a penetrative schistosity (S1') overprinted by a crenulation cleavage (S2').

Emplacement of the Glover Island complex occurred before D3 and probably before the D2
deformational event. The complex must have been emplaced before D3 because a major F3 fold
involves the Glover Island complex and the underlying Schist group. Furthermore the probable
correlation of S2 in the Schist group with S2' in the Glover Formation requires a pre-D2 emplacement

age. Absolute age of these structures is unknown.

Introduction

This report summarizes the stratigraphy, structure and
metamorphism of central Glover Island (parts of NTS map
areas 12A/12, 13), based upon field work and petrography
during 1978 and 1979. Important rock units are described and
a structural and metamorphic history is presented. The
timing of deformation, metamorphism and ophiolite emplace-
ment is an important concept in this structural history and is
considered in detail below.

General Geology

Glover Island is located in the southern half of Grand
Lake in western Newfoundland. Two major rock groups are
exposed on this island (Fig. 10.1). To the west are poly-
deformed and metamorphosed schists informally termed the
Schist group. To the east are dominantly mafic rocks of the
Glover Formation. The Glover Formation consists of a basal
igneous massif (Glover Island complex) nonconformably over-
lain by a thin, basal metaconglomerate which is overlain by
mafic metavolcanics. The Glover Island complex is
interpreted to be a fragment of dismembered ophiolite and
the ophiolite-schist contact to be the Baie Verte-Brompton
Line (Williams and St-Julien, 1978).

The Schist Group

Rocks west of the Glover Formation consist of poly-
deformed semipelitic schists with minor amphibolite, marble
and gneiss. These previously unnamed rocks are informally
termed the Schist group. The group outcrops along the
western side of central Glover Island in the core of a major
south-plunging anticline (Fig. 10.1); approximately | km of its
upper part is exposed. True thickness is unknown as the base
of the section is not exposed.

The Schist group consists primarily of conglomerate,
biotite schist, albite schist, and quartzite. Pebble con-
glomerate horizons containing granitic and quartz clasts
(1-2 cm) are abundant toward the base of the group. These
conglomerate units are interlayered with micaceous
quartzites and albite schists. Albite schists contain
distinctive 2-3 mm porphyroblasts of albite. Biotite schists
with 5 mm porphyroblasts of biotite outcrop in the upper part
of the section.

A number of distinctive lithologies are present within
the group which will eventually be raised to formational
status when the Schist group is formally defined. A con-
cordant amphibolite outcrops towards the base and extends
throughout the area. A thin (1 m) but laterally extensive
marble unit is present in the central part of the group as
well. the uppermost section consists of a distinctive, highly
graphitic phyllite.

The basal unit in the Schist group consists of a pink,
medium grained, concordant quartzo-feldspathic gneiss cut
by numerous mafic layers. This gneiss is uniform in com-
position and contains a prominent schistosity that is roughly
concordant with bedding in overlying rocks. It probably
represents a pretectonic granitic intrusion cut by later mafic
dykes. Its age is unknown, but probably Paleozoic based upon
the age of the country rock as discussed in a separate
section.

Structure and Metamorphism of the Schist Group

Structures relating to five deformational events
(D1-D35) have been recognized and are shown correlated with
mineral growth in Figure 10.2 based upon the criteria out-
lined by Spry (1969).. A composite schistosity (S1/S2)
composed of a regional schistosity (S1) and a later subparallel
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Figure 10.1. Geology central Glover Island area, Newfoundland.

crenulation cleavage (S2) was folded throughout the area by
minor F3 folds. These structures were subsequently folded
into a broad south-plunging anticline (F4) and overprinted by
later, open, minor folds (F5). The last recognized
deformation in the Schist group involved high angle faulting.

S1/S2  Composite Schistosity An $S1/S2  composite
schistosity is continuous throughout the Schist group. It
consists of a penetrative schistosity (S1) overprinted by a
nearly coplanar crenulation cleavage (S2) associated with a
well developed mineral lineation (L2). Extensive porphyro-
blast growth of biotite, albite, and garnet occurred during the
interkinematic interval bracketed by DI and D2 (Fig. 10.2)
such that S1 and S2 can be easily distinguished in the field or
in thin section. Where porphyroblasts are absent, as within
the upper part of the group, a single cleavage is observed and
is assumed to be composite in origin.

Sl is a penetrative schistosity defined by lepidoblastic
muscovite, chlorite and the long dimension of elongate
epidote grains. Sl formed during chlorite metamorphic
grade, as is shown by the ubiquitous mineral assemblage
muscovite-chlorite-epidote.

S| is overprinted by posttectonic biotite, albite, and
garnet porphyroblasts related to a major, static, meta-
morphic event which corresponds to the peak of meta-
morphism in the area. Porphyroblasts of biotite are most
abundant. These are randomly oriented and nearly ubiquitous
throughout the area. Locally they range up to 5 mm in
diameter.
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Porphyroblasts of albite are also locally abundant.
These contain inclusion trails of quartz, biotite and epidote
and are generally less than 2 mm in diameter. Biotite
inclusions are randomly oriented and probably represent post-
tectonic biotites incorporated into the albite porphyroblast
early in its growth history.

Microstructures associated with this metamorphic
event are typical of those formed during a static meta-
morphic event. Porphyroblasts are randomly oriented and
where inclusion trails are present these trails are generally
straight.

A strong gradient in metamorphic conditions existed
during this post-D1 metamorphism. The highest grade meta-
morphic mineral assemblage in the area consists of porphyro-
blasts of garnet and biotite.  This assemblage is only
recognized at the very base of the section and is correlated
with this metamorphic event. Porphyroblasts of biotite are
far more abundant and occur throughout the area except for
the very upper part of the section where they are absent.
This distribution of metamorphic minerals is interpreted to
represent garnet and biotite isograds. Thus post-Dl meta-
morphic conditions range from chlorite grade in the upper
part of the Schist group to garnet grade at its base.

52 constitutes the dominant cleavage in the area. It
crenulates an S| penetrative schistosity and deforms
porphyroblasts of biotite, albite and garnet.

S2 is associated with a well developed lineation (L2)
formed by elongate pressure shadows of quartz and muscovite
adjacent to porphyroblasts of biotite and albite. This
lineation parallels bedding-S2 intersection lineations.

Growth of chlorite, muscovite and albite occurred
during D2. Chlorite pressure fringes around relict biotites
are oriented parallel to S2 and 52 muscovite locally over-
prints relict biotites.

Albite porphyroblasts formed during post-D1 meta-~
morphism have straight inclusion trails. Locally these por-
phyroblasts have rims with curved inclusion trails. Straight
inclusion trails in core regions reflect the original
orientation of Sl. Curved inclusion trails in porphyroblast
rim areas reflect synkinematic albite growth during D2 and
rotation of Sl into parallelism with S2. This microstructure
is observed in albite schists from the hinge of the major F2
fold shown in Figure 10.1. Elsewhere Sl and S2 are
subparallel and inclusion trails in porphyroblasts are straight.

Growth of synkinematic chlorite, muscovite and albite
during D2 (Fig. 10.2) indicates chlorite grade metamorphic
conditions during this event. Locally biotite is partially
retrograded to chlorite during D2. Limited postkinematic
albite growth occurred after D2 as shown by post~D2 helicitic
albites containing F2 crenulations.

DEFORMATION D1 D2 D3
garnet
biotite
albite
chlorite >
muscovite - | <>
epidote -
Deformation syn [post | syn [post | syn [ post
stage tectonic tectonic tectonic
S formed 51 S2 S3
Figure 10.2. Mineral growth correlated with structural

event for rocks of the Schist group.



Orientation data for S2 and L2 are shown in equal area,
stereographic projection in Figure 10.3. 52 data {from
individual subareas form great circle girdles due to later
folding during D3 and D4. This later folding is broadly
coaxial as evidenced by the rather consistent orientation of
L2.

A major F2 fold is recognized in the Schist group
outlined by the thin concordant amphibolite layer shown in
Figure 10.1. This structure is an upright isoclinal synform
which plunges gently to the south. Graded beds in a quartzite
from the less deformed hinge area indicate it is synclinal and
west-facing.

D3 Structures D3 is associated with three fabric
elements: a heterogeneously developed crenulation cleavage
(S3); numerous small scale minor folds (F3); and a well
developed intersection lineation (L3). S3 is only recognized
in areas of intense F3 folding. It is axial planar to F3 folds
and in thin section is a differentiated crenulation cleavage.
Muscovite and chlorite locally define S3 but generally little
or no mineral growth is recognized. F3 folds are generally
upright, tight to open and tend to be chevron in style where
contrasting lithologies are involved. L3 is a well developed
intersection lineation formed during D3. This intersection
lineation plunges moderately to the south (Fig. 10.4) and
parallels F3 fold axes.

D3 structures display a strong strain gradient within the
Schist group. They are most intense in the upper part of the
section where the S1/S2 composite schistosity is locally
transposed. In the base of the section D3 structures are far
less evident and consist of rare open F3 folds.

Orientation data for S3 and L3 are given in Figure 10.4.
In the synoptic diagram (Fig. 10.4d) it can be seen that poles
to S3 form a diffuse great circle girdle. This great circle
girdle reflects the major south-plunging anticline in the area
(F&), In each individual subarea a tailed point maximum
pattern is present. Comparison with S2 data for individual
subareas (Fig. 10.3) shows that poles to S2 tend to form
nearly complete great circle girdles. This contrast in dis-
tribution of poles to S2 and S3 is thought to be due to the
fact that S2 has been coaxially folded by two generations of
folds, F3 and F4. 53 has only been affected by a single
generation of folds, F4, producing partial great circle girdles
instead of complete girdles as in the case of S2.

This aspect is also demonstrated by the L3 data plotted
in Figure 10.4. L3 data for individual subareas exhibit a
moderately south-plunging peint maximum in all cases.
However a great circle girdle pattern intersecting this point
maximum is also apparent, especially in Figure 10.4a. Fold
axes or intersection lineations formed by folding of a non-
planar surface will be distributed in a great circle girdle
pattern corresponding to the axial plane of that fold
(e.g. Turner and Weiss, 1963, p. 127). The great circle girdle
patterns for L3 data shown in Figure 10.4 are interpreted to
reflect the folding of a nonplanar surface formed by
deformation related to D2. Thus S3 and L3 both reflect the
complex structural history of the area.

A major F3 fold is recognized in the southeastern part
of the terrain underlain by the Schist group (Fig. 10.1). This
fold is dextral, faces west and plunges moderately south. Its
axial plane is upright and trends north-south. Both anticlinal
and synclinal hinges are recognized although they are
separated by a late, high angle fault. This major F3 fold pair
involves the Glover Island complex and the overlying section
as well as the Schist group. D3 must therefore postdate
movement along the structural surface separating the Glover
Island complex from the Schist group.

D4 Structures A major south-plunging anticline with a
north-south trending, upright, axial surface is exposed on
Glover Island (Fig. 10.1). This major structure controls the
distribution of rocks on Glover Island including exposure of
the Schist group in its core. Poles to S3 surfaces are folded
into a diffuse great circle girdle by this major structure
(Fig. 10.4d). Scatter in this data reflects later deformation
(D5). Poles to S2 surfaces (Fig. 3) form great circle girdles
in each individual subarea due to the effect of D3
deformation. These girdles are progressively rotated about a
south-plunging axis by this major F4 anticline as seen in
Figure 10.3.

A weak crenulation cleavage which overprints S3 is
present in scattered outcrops throughout the Schist group.
This cleavage is upright to moderately west-dipping and
trends roughly north-south. It is interpreted to represent an
axial planar fabric to the major F4 anticline on Glover Island.
It is important to note, however, that this interpretation
assumes continuity between widely spaced outcrops and must
therefore be considered tentative.

D5 Structures All structures in the area are deformed
by an episode of broad, open folding about east-west trending
axial planes. This is an extremely difficult deformation to
characterize because no cleavage or outcrop scale minor
folds are associated with it. Folding is very broad and open
and only noticeable in areas of nearly complete exposure.

High Angle Faulting The last deformational episode
recorded in rocks on Glover Island involves high angle
faulting. These faults are vertical and trend roughly north-
south (Fig. 10.1). Displacement is dextral from offset of map
units but the dip slip and strike slip components of this
displacement cannot be determined.

Correlation and Age of the Schist Group

The Schist group resembles polydeformed and meta-
morphosed schists and gneisses to the west of Grand Lake.
These rocks are correlated with the western division of the
Fleur de Lys Supergroup on the Baie Verte Peninsula of
northwest Newfoundland by most workers (Church, 1969;
Williams, 1978).

The Fleur de Lys Supergroup is interpreted to be
Cambrian in age based upon its interpretation as a
clastic wedge developed along the continental margin of
North America following rifting and formation of lapetus
(Stevens, 1970; Bird and Dewey, 1970). A similar age is
hypothesized for the Schist group.

The Glover Formation

Rocks west of the Schist group comprise the Glover
Formation (Riley, 1957). The Glover Formation is composed
of three distinct map units. The basal part consists of an
igneous plutonic massif of ultramafic and mafic rocks
informally termed the Glover Island complex (Knapp et al.,
1979). Overlying this massif are metaconglomerates and
mafic metavolcanics. When a formal definition of all units
within the Glover Formation can be made, it deserves to be
raised to group status.

The Glover Island Complex

The Glover Island complex (Knapp etal.,, 1979) is a
metamorphosed igneous massif composed of variably
serpentinized ultramafic rocks, cumulate layered meta-
gabbros and minor metabasalts interpreted to represent a
dismembered ophiolite (Williams and St-Julien, 1978). It
forms a continuous unit structurally overlying the Schist
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52 and L2

Figure 10.3. Equal area stereographic projections of D2 and D2' data. Figures 10.3a, 10.3b, and 10.3c
show the orientation of poles to S2 surfaces (contoured) and L2 lineations (solid dots). Figures 10.3d and
10.3e show the orientation of poles to S2' surfaces (contoured) and L2' lineations (solid dots). Contour-

intervals in per cent per one per cent aréa, the number of points contoured, and the number of
lineations plotted for each figure, are as follows:

(10.3a) 1, 5, 20; S2=166; L2=21; (10.3d) 1, 5, 10; S2'=139; L2'=29;
(10.3b) 1, 5, 9; $2=110; L2=34; (10.3e) 1, 5, 10; S2'=154; L2'=28.
(10.3¢) 1, 5, 8; S2=139; L2=63;
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Equal area stereographic projections of poles to S3 surfaces (contoured) and L3 lineations

(solid dots). Contour intervals in per cent per one per cent area, the number of points contoured, and
the number of lineations plotted for each figure, are as follows:

(10.4a) 1, 5, 15; S3=116; L3=129;
(10.4b) 1, 4, 9; §3=74; L3=91;

Jp and is exposed along the western shoreline of Glover
nd at two. localities (Fig. 10.1). Total thickness of the
plex ranges between 500 and 1300 m.

Ultramafic rocks overlie talc-carbonate rocks at the
> of the complex at its northern outcrop extent
 10.1).  These ultramafic rocks are sequentially overlain
cumulate layered gabbro and massive leucocratic gabbro.
eral grading within cumulate layers indicates the complex
ight-side-up. The proportion of metagabbro and meta-
alt in the complex increases to the southwest at the
ense of ultramafic rocks. Talc-carbonate rocks are
sent at the base of the complex throughout its extent.

Ultramafic rocks are composed of serpentine,
>hibole and clinopyroxene. Clinopyroxene is of igneous
:in and contains abundant exsolved orthopyroxene(?) and
que material. These relict clinopyroxenes are set in a

(10.4c) 1, 3, 5; S3=63; L3=81;
(10.4d) 1, 4, 10; S3=256.

decussate serpentine matrix. Relict cumulate textures are
well preserved. Subidioblastic amphibole is secondary and
replaces serpentine and clinopyroxene.

Gabbro is composed of amphibole, clinopyroxene and
zoisite. Zoisite aggregates pseudomorph plagioclase.
Amphibole is pale olive green in colour and similar in size to
clinopyroxene relicts and pseudomorphs of plagioclase. It is
probably a metamorphic replacement of clinopyroxene.
These minerals form an interlocking granoblastic aggregate
interpreted to represent a cumulate igneous texture.

Numerous mafic dykes intrude the massif. Both
pyroxene- and amphibole-bearing varieties are present.
Excellent subophitic textures are preserved in each. The
amphibole-bearing variety is especially distinctive due to
cores of euhedral, deep brown amphibole rimmed by a dark
green amphibole.
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Talc-Carbonate Rocks The base of the Glover Island
complex consists of distinctive orange weathering talc-
carbonate rocks derived by CO,; metasomatism of an ultra-
mafic protolith. As the actual contact between unaltered
and altered ultramafic rocks is abrupt, it is likely that some
postmetasomatism faulting has occurred along this surface.

Rocks in the talc-carbonate zone consist primarily of
talc, serpentine, dolomite, magnesite, quartz and white mica
in varying proportions. Carbonate minerals generally occur
as subidiomorphic porphyroblasts set in a fine grained talc or
talc-serpentine matrix. Carbonate-mica and carbonate-
quartz rocks are also present.

The Conglomerate Unit

Rocks of the Glover Formation overlying the Glover
Island complex can be divided into two distinct map units: a
lower, metaconglomerate unit and an upper, dominantly
mafic metavolcanic unit. These units are referred to as the
conglomerate unit and the volcanic unit, respectively.

The conglomerate unit is distinctive and is located
immediately above the Glover Island complex. It consists of
an assortment of matrix-supported rounded clasts set in a
fine grained metasedimentary matrix. This matrix ranges
from a micaceous quartzite to a phyllite and is everywhere
thinly layered. Individual layers are generally less than 5 mm
thick lending a distinctive laminated appearance to the rock.
The conglomerate unit ranges between 160 and 500 m in
thickness.

All recognized clasts in the conglomerate unit are
igneous in origin. They range from 1 to 10 cm in diameter
and average between 2-5cm. Gabbro clasts are most
abundant but fine grained mafic volcanic clasts and clasts of
a granitic rock have also been identified. All clasts are well
rounded. The largest identified clasts as well as the greatest
abundance of clasts occur in the basal part of the unit.

Sedimentological evidence indicates that the contact
between the ophiolite and the overlying conglomerate may be
erosional in origin. Many of the clasts in the conglomerate
consist of gabbro identical to that in the underlying massif.
Clasts are coarsest and most abundant near the basal contact
as well.  This contact is a high strain zone, probably
reflecting a mechanical contrast between the crystalline
massif and overlying sediments. Thus examination of the
contact itself is uninformative with regards to its nature.
The clast evidence, however, is significant and strongly
suggests that the conglomerate unit nonconformably overlies
the Glover Island complex.

The Volcanic Unit

The volcanic unit consists primarily of mafic volcanics
and volcaniclastic sediments metamorphosed under green-
schist facies conditions. It conformably overlies the con-
glomerate unit throughout the area shown in Figure 10.1.
Igneous textures, and even pillows, are recognizable in low
strain areas. Thickness of the volcanic unit is unknown as the
top of the section is not exposed. Minimum thickness is
2 km.

The dominant rock type in the volcanic unit is a
porphyritic metabasalt. Subophitic textures formed by laths
of plagioclase (now albite) enclosed in an amphibole or less
commonly a clinopyroxene are widespread. Plagioclase
phenocryst pseudomorphs are abundant. These pseudomorphs
are composed of an aggregate of albite, zoisite, and minor
muscovite. The original shape of the phenocryst is generally
well preserved.
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The volcanic unit also contains a significant proportion
of metamorphosed silicic volcanic rocks. These are
porphyritic with euhedral phenocrysts of feldspar and quartz
in a fine grained silicic matrix. Minor muscovite and epidote
are also present.

The remainder of the volcanic unit is composed of
metamorphosed volcaniclastic metasediments and tuffaceous
rocks. These fine grained, well bedded rocks are rich in
epidote, chlorite and relict feldspar.

The conglomerate unit-volcanic unit contact is inter-
preted as gradational. Mafic volcanic rocks are interlayered
with quartzites in the upper part of the conglomerate and
eventually quartzite gives way entirely to mafic volcanics
and volcaniclastics.

Structure of the Glover Formation

Structures relating to five deformational events are
recognized in the Glover Formation. Three of these (D3-D5)
are also recognized in the underlying Schist group and have
already been described. The oldest structures recognized in
the Glover Formation (SI' and S2') form a composite
schistosity. Mineral growth has not been correlated with
these events except in a very general way due to the
difficulty of separating these two cleavages. The relation-
ship between this composite schistosity and structures in the
Schist group bears directly upon the age of emplacement of
the Glover Island complex and is discussed later.

S1'/S2' Composite Schistosity Sl' and S2' are coplanar
cleavages formed under greenschist facies metamorphic
conditions.  They can only be distinguished in the talc-
carbonate zone at the base of the Glover Island complex and
in the basal section of the volcanic unit. Higher in the
section the single observed schistosity is assumed to be
composite.

SI' is a penetrative schistosity formed under
greenschist facies conditions. It is defined by muscovite,
chlorite, amphibole, epidote and calcite in rocks of
appropriate bulk composition.

S2' is a well developed crenulation cleavage associated
with a pronounced stretching lineation (L2') which overprints
and locally transposes Sl' in the basal part of the section.
L2' is a strong stretching lineation defined by pressure
shadows and pull-apart structures. The orientation of these
structures is shown in Figure 10.3.

Correlation of the Glover Formation

Rocks in a similar structural setting to the Glover
Formation are present on the Baie Verte Peninsula.
Ophiolitic rocks of the Advocate group (Williams et al., 1977)
are structurally juxtaposed against polydeformed schists and
gneisses of the Fleur de Lys Supergroup (Church, 1969) to the
west. To the east are dominantly mafic volcanic rocks of the
Flatwater group (Williams et al., 1977). The base of the
Flatwater group consists of polymictic conglomerates con-
taining clasts (Kidd, 1977; Williams et al., 1977). The schist-
ophiolite contact on the Baie Verte Peninsula has been
designated the Baie Verte-Brompton Line (St-Julien et al.,
1976; Williams and St-Julien, 1978).

The Baie Verte-Brompton Line is interpreted to be
continuous from the Baie Verte Peninsula to Glover Island.
Lithologies and structural setting are comparable and rocks
along this line must be broadly correlative (Williams and
St-Julien, 1978; Knapp and Williams, 1979; Knapp et al.,
1979). The Glover Island complex is correlated with the
Advocate group and the conglomerate and volcanic units on
Glover Island are correlated with the Flatwater group.



Correlation of the Glover Island and Advocate
complexes with other ophiolitic rocks in western
Newfoundland is a controversial topic. Some workers think
that all ophiolitic rocks in western Newifoundland relate to
the same cycle of ophiolite generation and are therefore all
roughly the same age (Church and Stevens, 1971; Williams,
1975, 1977; Williams, et al., 1977). Others maintain that
different ophiolite complexes originated in different basins
and may therefore be of different ages (Bird and Dewey,
1970; Dewey and Bird, 1971; Kennedy, 1973, 1975; Kidd,
1977; Kidd et al., 1978).

At Grand Lake a simple cross-section is apparent with
schists, gneisses and carbonate rocks separating ophiolitic
rocks of the Humber Arm Allochthon (Williams, 1975) from
the Glover Island complex (Riley, 1957, 1962; Knapp et al.,
1979).  The ophiolite-schist contact (Baie Verte-Brompton
Line) is the most logical root zone for these transported
ophiolitic rocks because no alternative root zone is
recognized. The Glover Island complex is tentatively
correlated with ophiolitic rocks of the Humber Arm
Allochthon.

Age of the Glover Formation

The rocks of the Humber Arm Allochthon are known to
be Early Ordovician or older in age (Williams, 1975) and a
similar age is proposed for the Glover Island complex based
upon the above correlation. The age of the conglomerate and
volcanic units overlying the Glover Island complex is
uncertain. An Arenig graptolite fauna (Dean, 1976; Williams
and St-Julien, 1978) has been recognized in a black shale unit
within the Glover Formation as mapped by Riley (1957). The
stratigraphic position of this black shale unit in the Glover
Formation is not known. Considering the lithological
diversity of the Glover Formation, it is premature to assume
this age is applicable to the conglomerate and volcanic units.
The proposed Early Ordovician or older age for the Glover
Island complex limits the age of the overlying rocks to Early
Ordovician or younger based upon interpretation of the base
of the conglomerate unit as a nonconformity.

Timing of Ophiolite Emplacement

The emplacement of the Glover Island complex against
the Schist group is an extremely important event in the
structural history of the Glover Island area. Determination
of relative age of emplacement rests upon correlation of
structures below and above the ophiolite. Structures, which
are not present both above and below the ophiolite, must
predate emplacement.

Direct evidence demonstrates that ophiolite emplace-
ment predates D3, namely the major F3 fold pair located in
the southern part of the area which involves both the Schist
group and Glover Island complex. As ophiolite emplacement
must predate D3, it is important to determine if DI or D2
also postdate ophiolite emplacement.

Due to parallelism of the thrust surface at the base of
the Glover Island complex with S1, S2, SI' and S2' it cannot
be determined if any of these pre-D3 structures directly
involve the ophiolite-schist contact. Thus their age relative
to the ophiolite-schist contact must be based upon
correlation of structures above this surface with those below.

Both S2 and 52' are well developed cleavages containing
a strong stretching lineation.  The orientation of this
lineation as well as the cleavages themselves are shown in
Figure 10.3 (compare Fig. 10.3c with 10.3d). It is clear from
this figure that these two lineations and cleavages are
identical in orientation and may be correlative. This would
indicate ophiolite emplacement predates D2 and thus
occurred quite early in this structural history. More
conclusive evidence for this early emplacement must be
sought.
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Abstract

An unusual trilobite faunule composed of Agerina norrisi n. sp., Cnemidopyge norfordi n. sp.,
Lonchodomas carinatus Cooper, and Robergiella cf. sagittalis Whittington is described from dark
limestones within the upper part of a thick carbonate succession near Mount Burgess, northern Yukon
Territory. Trilobite-based correlations to Ordovician rocks of Virginia indicate a Llandeilo to earliest
Caradoc age for the faunule. The conodonts belong in the upper Pygodus anserinus — Amorphognathus

tvaerensis zones.

The trilobite faunule has affinity to upper slope faunas of Early and Middle

Ordovician age in Spitsbergen and northern Canada, but is completely dissimilar to temporally
equivalent faunas on the carbonate platform in the District of Mackenzie.

Introduction

During stratigraphic investigations of the Geological
Survey of Canada's Operation Porcupine in northern Yukon
Territory in 1962, A.W. Norris measured a section on an
unnamed mountain immediately to the east of Mount Burgess.
The section consists of nearly 1100 m of unnamed limestone
and dolostone preserved beneath an unconformity at the base
of the Devonian Gossage Formation (Fig. 11.1; Norford, 1964,
p. 76-80). Fossils are scarce in this section, but a single
collection from a 3 m thick unit of brown, finely crystalline,
and thinly bedded limestones some 85 m below the
unconformity yielded abundant inarticulate brachiopods and
trilobites, including well preserved representatives of the
genera Agerina Tjernvik, Cnemidopyge Whittard, Robergiella
Whittington, and Lonchodomas Angelin. This unusual associa-
tion of trilobites is described in this paper.

Few Ordovician trilobites are known from northern
Yukon Territory. Kobayashi (1936) described species of
Geragnostus, Parabolinella, and Ptychopleurites from lower
Tremadoc strata of the Yukon River area on the Alaska-
Yukon boundary, some 130 km southwest of Mount Burgess.
Lenz and Churkin (1966) described species of Robergia,
Cryptolithoides, and Ampyxina from Ashgill strata of the
Road River Formation on Snake River, some 300 km east of
Mount Burgess. Dean (1973a) described species of
Geragnostus, Ampyxoides, Shumardia, Cybelurus, Carolinites,
Remopleurides, Peraspis, and Nileus from Llanvirn strata in
the Keele Range, some 120 km northwest of Mount Burgess.
A few additional Ordovician trilobites were included in faunal
lists by Norford (1964).

Age and Environment of the Faunule

The trilobite faunule from GSC loc. 54290 consists of
common to abundant Cnemidopyge norfordi n. sp. and Agerina
norrisi n. sp. and rare Robergiella cf. sagittalis Whittington
and Lonchodomas carinatus Cooper, in addition to unstudied
fragments of a large cheirurid trilobite. Similar trilobite
associations have not been recorded from Ordovician rocks of
western North America and, therefore, regional correlations
cannot be made.

Closely similar faunas have been recorded only from
Ordovician rocks of Virginia. The Effna Limestone contains
possible Agerina norrisi (that is, Isbergia virginica Cooper,
1953, PL 1, fig. 21, 22, 27 only; see section on Systematic
Paleontology), the lower Edinburg Formation contains

Lonchodomas carinatus Cooper (Whittington, 1959), and the
Liberty Hall facies of the lower Edinburg contains
Robergiella sagittalis Whittington, 1959. This stratal interval

falls  within  the upper Pygodus anserinus — lower
Amorphognathus tvaerensis conodont zones and the
Nemagraptus gracilis - lower  Didymograptus multidens

graptolite zones (Bergstrom, 1971, Fig. 10); that is Llandeilo
and early Caradoc in terms of the British series and Chazyan
and early Blackriveran in terms of the North American
stages. Cnemidopyge has not been recorded from other North
American localities. In Britain, this genus occurs in Llandeilo
and basal Caradoc strata (Hughes, 1969, p. 62). Thus, the
trilobite faunule from GSC loc. 54290 suggests a Llandeilo to
earliest Caradoc age.
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Figure 11.1. Location of measured section on unnamed

mountain immediately east of Mount Burgess (66°03'N,
139°35'W). Columnar section of upper part of Ordovician and
lower part of Devonian succession is based on Section 16 of
Norford (1964, p. 76, 77).
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Reconstruction  of

Figure 11.2. Agerina  norrisin. sp.
cephalon, pygidium and hypostome.

C.R. Barnes has kindly processed a sample of lime-
stone from GSC loc. 54290 for conodonts. He reports
(letter, June 13, 1979):

"The sample contained several hundred well
preserved conodonts of North Atlantic Province
affinity. The fauna is of low diversity, being
dominated by Periodon aculeatus Hadding with
several simple-cone multielement genera and a
few specimens of Eoplacognathus elongatus
(Bergstrdm). The latter species has a restricted
stratigraphic range (Bergstrom, 1971, p. 138) in
the uppermost Pygodus anserinus Zone and the
lower part of the Amorphognathus tvaerensis
Zone. This range corresponds approximately to
that of the Nemagraptus gracilis graptolite zone
(i.e. upper Chazy; upper Llandeilo-lowermost
Caradoc)."

The faunal assemblage at GSC loc 54290 belongs in the
upper Pygodus anserinus ~ lower Amorphognathus tvaerensis
zones of the North Atlantic conodont zonation. Second-order
correlations of the conodont zones may be made with the
Nemagraptus gracilis Zone, with Fauna 6 of the midcontinent
conodont sequence of Sweet et al. (1971), and finally with
the Ceraurinella nahanniensis Zone and, possibly, the
underlying Bathyurus granulosus Zone and overlying Bathyurus
ulu Zone of the zonation of Middle Ordovician platform
carbonates in the District of Mackenzie (Ludvigsen, 1979b).

The  complete  generic  dissimilarity of  the
Cnemidopyge-Agerina assemblage of the Yukon Territory and
temporally equivalent platform trilobite assemblages of the
District of Mackenzie is striking, but not completely
unexpected. In fact, it could have been largely predicted
from the recent work on Lower and Middle Ordovician
trilobite biofacies by Fortey (1975) and Ludvigsen (1979a).
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Figure 11.3. Cnemidopyge norfdrdi n. sp. Reconstruction of
cephalon and pygidium.

Both of these  authors  outlined platform trilobite
associations which were dominated by bathyurids, cheirurids,
illaenids, harpids, and dimeropygids (illaenid-cheirurid
community of Fortey and Biofacies I to III of Ludvigsen) and
upper slope trilobite associations which include raphiophorids
and Robergiella among others (nileid community of Fortey
and Biofacies IV of Ludvigsen).

In environmental terms, the Cnemidopyge-Agerina
assemblage can be placed on the upper slope; correlative with
both the nileid community and Biofacies IV. Such a position
receives support from the dark coloured and slightly
bituminous nature of the thinly bedded limestones of GSC
loc. 54290 and from the dominance of Periodon in the
conodont sample prepared by C.R. Barnes. In slightly older
rocks of Spitsbergen, the Periodon community corresponds to
the nileid community (Fortey and Barnes, 1977).

The drastic biofacies change at the edge of the
carbonate platform during the Early and Middle Ordovician
also indicates a replacement of endemic North American
trilobites and mid-continent conodont faunas by widely
occurring trilobites and North Atlantic conodont faunas. This
faunal replacement was probably localized along a belt which
separated warm bottom waters from cold bottom waters
(Taylor, 1977; Fortey and Barnes, 1977; Ludvigsen, 1979a).

The 3 m interval of dark limestones within the upper
part of a thick dolostone and limestone sequence near Mount
Burgess can be viewed as an incursion of Road River
sediments caused either by a brief deepening or cooling
period during the Llandeilo. A few tens of kilometres to the
south and the southeast, the entire Middle and Upper
Ordovician carbonate succession passes into basinal
sediments of the Road River Formation in the Blackstone
Trough (Norford, 1964, Fig. 2; Lenz, 1972, Fig. 6, 7).



Systematic Paleontology
Family BATHYURIDAE
Genus Agerina Tjernvik, 1956

Type species: Agerina erratica Tjernvik, 1956 from the Upper Planilimbata Limestone (Arenig) of
central Sweden (by original designation).

Remarks: Agerina was established by Tjernvik (1956) for three species from Tremadoc and Arenig
rocks of the Baltic area. Another species was described by Dean (1973¢) from Arenig strata of
Turkey and one was described by Lu (1975) from Upper Llanvirn strata of Hupeh Province, China.
Tripp (1976) questionably attributed a cranidium from Llandeilo strata of Scotland to that genus.

Harrington and Leanza (1957) described a new genus, Brackebuschia, from Lower Tremadoc
rocks of Argentina. The type and only species, B. acheila Harrington and Leanza, has a long (sag.)
parallel-sided glabella, flat anterior border, three faint laterai glabellar furrows, and small palpebral
lobes located at mid-length of cephalon. The transverse pygidium has a convex axis with four rings
and faintly furrowed pleural fields. This species is very similar to both Agerina praematura Tjernvik
from the Upper Tremadoc of Sweden and A. norrisi n. sp. from the Llandeilo of Yukon Territory and it
should certainly be assigned to Agerina. Thus, Brackebuschia is a junior subjective synonym of
Agerina.

Agerina has not previously been recorded on this continent. The occurrence reported here
establishes its presence in Llandello or lowest Caradoc rocks of North America. Moreover, the
pygidia attributed to Isbergia virginica Cooper from the Effna Limestone of Virginia by Cooper (1953,
PL 1, fig. 21, 22, 27) probably belong to Agerina. Dean (1972) has shown that the holotype cranidium
of L. virginica is not congeneric with the type species of Isbergia and, instead, belongs to the isocolid
Effnaspis Dean. The pygidia illustrated by Cooper are so similar to those of Agerina norrisis n. sp.
that they could record an Appalachian occurrence of that species. The Yukon and Virginia localities
are of the same age; both belong in the upper Pygodus anserinus-lower Amorphognatus tvaerensis
Zones (Bergstrom, 1971, Fig. 10, C.R. Barnes, personal communication, 1979).

As presently conceived, Agerina is a rare, but widespread, trilobite that occurs in Tremadoc to
Llandeilo strata of four of the six main Ordovician continents that were defined by Scotese et al.
(1979, Fig. 8):

GONDWANA A. acheila (Harrington and Leanza) [Lower Tremadoc]
. pamphylica Dean [Arenig]

BALTICA . erratica Tjernvik [Arenig]
. praematura Tjernvik [Upper Tremadoc]

. woehrmanni (Schmidt) [Arenig]
CHINA A. elongata Lu [Llanvirn]
LAURENTIA A. norrisi n. sp. [Llandeilo/lowest Caradoc]

In the definitive paper, Tjernvik (1956) assigned Agerina, without comment, to the family
Bathyuridae. Whittington (in Moore, 1959) questionably assigned this genus to the same family.
Agerina is most similar to the group of Arenig and Llanvirn bathyurid genera clustered around
Annamitella; that is, Annamitella Mansuy, Bathyuriscops Weber, Proetidella Harrington and Leanza,
and Monella Bates. The possibility that these four genera are congeneric was discussed by
Whittington (in Neuman, 1964, p. 29, 30) and by Dean (1973b, p. 20, 21). From these genera, Agerina
can be distinguished by possessing a cephalon with a less inflated glabella {(particularly noticeable
near the front), smaller eyes, longer (sag.) anterior border, shorter genal spines, and a more
transverse pygidium with fewer and less distinct pleural furrows and narrower border. In addition,
Agerina is considerably smaller than Annamitella and its allies.

PP >

Agerina first appears in the early Tremadoc and is probably the oldest bathyurid genus. Its
distributional pattern though the early part of the Ordovician closely follows that of the trinucleids
(Hughes et al., 1972). The earlier species of Agerina occur in mid- to high-paleolatitude sites on the
fringes of Gondwana and Baltica; later species occur in lower paleolatitude sites in China and
Laurentia. Unlike other bathyurids which proliferated in clean, shallow water carbonates with
nautiloids, gastropods, and orthid brachiopods during the Arenig and Llanvirn (that is, in the Bathyurid
province of Whittington and Hughes, 1972, Table 1); Agerina is typically found in clastic rocks or in
dark muddy limestones in association with raphiophorid, agnostid, and remopleuridid trilobites and
lingulid brachiopods. This suggests that, in low paleolatitudes, Agerina was restricted to cold water
sites on the slope and platform-edge whereas "typical bathyurids" preferred warm water sites on the
platform.
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Agerina norrisi n. sp.
Plate 11.1, Figure 11.2

(7) 1953 Isbergia virginica Cooper, PL I, fig. 21, 22, 27 (not fig. 20, = Effnaspis virginica, see
Dean, 1972).

Diagnosis. A species of Agerina with a narrow (tr.) convex glabella possessing 3 pairs of faintly
incised lateral furrows; ls furrow is bifid, 2s and 3s are transverse. Lateral glabellar lobes are not
inflated. Deep axial furrows converge slightly toward front; include small anterior pit located at
mid-length of 4p lobe. A short sagittal furrow occurs on front part of glabella of some specimens.
Median occipital tubercle has 4 minute pits arranged in a rectangle. Anterior cephalic border is flat
and long (equal to l/4th sagittal length of cephalon). Genal angles are rounded. Cephalon carries
prosopon of minute granules and pits. Hypostome is ovoid, expanding posteriorly; border furrows are
complete and median furrow is short; anterior wings are triangular and high. Pygidium is
semicircular with a narrow convex border and faint border furrows. Axis narrows evenly towards
rear; it does not quite reach posterior border furrow; it consists of 4 or 5 rings (Ist and 2nd rings are
separated by a lenticular [preannular?] lobe). Pleural field crossed by three pairs of pleural and
interpleural furrows; all are faint, with the exception of the first pleural furrow which is deep.
Pygidial borders carry prosopon of fine parallel terrace lines.

Holotype. An incomplete cranidium from GSC loc. 54290 (GSC 61349) illustrated on Plate 11.1,
figures 1-5.

Paratypes. Cranidia (GSC 61350, 61354, 61355, 61358), pygidia (GSC 61351, 61357, 61359, 61360),
free cheeks (GSC 61352, 61353), and a hypostome (GSC 61356); all from GSC loc. 54290.

Name. For A.W. Norris of the Geological Survey of Canada who collected the faunule.

Remarks. Pygidia of Agerina norrisi n. sp. are very similar to those illustrated by Cooper (1953, PL 1,
fig. 21, 22, 27) as Isbergia virginica from the Effna Limestone of Virginia. [t is quite possible that
these pygidia represent A. norrisi, but a cranidium is needed for confirmation. The outline of the
glabella and the shape and dimensions of the anterior border of the cranidium of Agerina? sp.
described by Tripp (1976, p. 387, PL. 4, fig. 10) from the Superstes Mudstone near Girvan, Scotland are
reminiscent of A. norrisi. The Scottish cranidium apparently lacks the bifid s furrow characteristic
of A. norrisi. The pygidium identified as Panarchaegonus sp. by Tripp (1976, p. 389, PL 4, fig. 15, 16)
may well belong to Agerina and, it too, is similar to that of A. norrisi. The Scottish locality is within
the Nemagraptus gracilis Zone and, as such, is about the same age as the Yukon occurrence of
A. norrisi.

The long anterior cephalic border and the narrow glabella of Agerina norrisi effectively
distinguishes it from A. erratica Tjernvik and A. praematura Tjernvik from Sweden and from
A. pamphylica Dean from Turkey.

The glabellar shape of both Agerina acheila (Harrington and Leanza) and A. elongata Lu is close
to that of A. norrisi. Each of these species, however, lacks the long anterior cephalic border and the
bifid 1s furrow.

Family RAPHIOPHORIDAE
Genus Cnemidopyge Whittard, 1955

Type species. Trinucleus nudus Murchison, 1839 from the Upper Llandeilo of central Wales
{by original designation).

Remarks. Whittard (1955) assigned Trinucleus nudus Murchison, Ampyx bisectus Elles, and
Cnemidopyge granulata Whittard to Cnemidopyge. Hughes (1969) redescribed and illustrated C. nuda
and C. bisecta; established a new species, C. parva; and suggested that C. granulata be considered a
subspecies of C.nuda. In Britain, Cnemidopyge is confined to the Glyptograptus teretiusculus and
Nemagraptus gracilis Zones in central Wales and the Welsh Borderlands; that is, essentially to the
Llandeilo and basal Caradoc (Williams et al., 1972). Hughes (1969, p. 62) noted that Cnemidopyge has
been recorded from the Upper Llanvirn to Caradoc of Scandinavia by Jaanusson.

Plate 11.1

Agerina norrisi n. sp. All from GSC loc 54290, Mount Burgess area, northern Yukon Territory.

Figures 1-5. Cranidium, holotype, dorsal and lateral Figures 10. Cranidium, paratype, X 8, GSC 61354.
views, X 9; three views of cranidium, 11l. Cranidium, paratype, X &, GSC 61355.
X 18, GSC 61349, 12,13. Hypostome, paratype, X 18, GSC 61356.
6. Cranidium, paratype, X 22, GSC 61350. 14-16. Pygidium, paratype, X 11, GSC 61357.
7. Pygidium, paratype, X 11, GSC 61351. 17. Cranidium, paratype, X 7, GSC 61358.
8. Free cheek, paratype, X 18, GSC 61352. 18,19. Pygidium, paratype, X 18, GSC 61359.
9. Free cheek, paratype, X 13, GSC 61353. 20. Pygidium, paratype, X 18, GSC 61360.
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The integrity of Cnemidopyge as a genus distinct from its probable ancestor, Ampyx, rests
merely on the presence of distinct pygidial ribs. Cephalic and hypostomal features cannot, at
present, be used to discriminate these genera. Hughes (1969, p. 63) noted that it is possible that the
European and North American species of Cnemidopyge are results of separate developments from
Ampyx. The cephalic and pygidial similarity of C. norfordi to Ampyx americanus Safford and Vogdes
(Cooper, 1953, Pl. 5, fig. 5, 8, 9) lends credence to this suggestion. Hughes placed emphasis on the
number of pygidial ribs to differentiate species of Cnemidopyge. This character must be used
advisedly because the pygidial ribs of C. norfordi vary in numbers from 8 to 10 and a single large
pygidium displays 13 distinct ribs.

Cnemidopyge norfordi n. sp.
Plate 11.2, Plate 11.3, figures 10-13, Figure 11.3

1964 Cnemidopyge sp., Norford, p. 132.

Diagnosis. A species of Cnemidopyge with a subquadrate glabella that expands slightly forwards; 2
pairs of oblique lateral glabellar furrows, the posterior pair terminates adaxially in circular muscle
impression. A faint sagittal ridge extends from base of anterior glabellar spine to occipital furrow.
A pair of ovate bacculae are located opposite lp lobe. A pair of genal ridges diverge gradually
toward postero-lateral corner of cranidium from tubercle located near axial furrow opposite anterior
end of 2s furrow. Genal spines are long and diverging. Hypostome appears identical to that of
Ampyx. Pygidium is subcircular to subtriangular with evenly tapering axis which carries 12-17 axial
rings. Pygidial ribs number 8 to 10. A single unique pygidium carries 13 ribs. Exoskeleton lacks
granules and pits. Pygidial margin has prosopon of parallel terrace lines.

Holotype. A cranidium from GSC loc. 54290 (GSC 61361) illustrated on Plate 11.2, figures 1, 2.

Paratypes. Cranidia (GSC 61362, 61365), pygidia (GSC 61362, 61364, 61366-61368), free cheeks
(GSC 61377, 61378), and a hypostome (GSC 61376). All from GSC loc. 54290.

Name. For B.S. Norford of the Geological Survey of Canada who first identified this trilobite as
Cnemidopyge.

Remarks. All of the material of Cnemidopyge nuda (Murchison), C. bisecta (Elles), and C. parva
Hughes from central Wales and the Welsh Borderlands that was descibed by Hughes (1969, p. 62-77,
Pl. 2 to 8) is compressed in shales and mudstones. The convex glabellae of these specimens have been
flattened to some degree and, therefore, detailed comparisons are difficult with the C. norfordi
cranidia that are preserved in full relief in limestone. The cranidia of C. norfordi n. sp. apparently
differ from the cranidia of the three Welsh species in being broader (tr) across the 2p lobe, in
possessing a pair of bacculae opposite 1p lobe, in having a pair of genal ridges on each fixed cheek,
and by lacking prosopon of pits and granules. Like the Welsh species, C. norfordi possesses a sagittal
ridge which extends from the base of the anterior glabellar spine to the occipital furrow, but this
ridge is much lower than that of C. bisecta and not as narrow (tr.) as the faint ridges of C. nuda and
C. parva (Hughes, 1969, Pl. 5, fig. 1, 8).

Two types of Cnemidopyge pygidia occur in GSC loc. 54290. Both are assigned to C. norfordi.
The first type (PL 11.2, fig. 3, 7, 9, 10 and Fig. 11.3) carries 8 to 10 ribs and is similar to C. nuda and
C. bisecta. The second type is represented by a single large pygidium (Pl. 11.2, fig. 1, 12) with 13
distinct ribs. In this pygidium the axis narrows posteriorly to a point and not to a blunt termination
as is seen in pygidia of the first type. Furthermore, on the anterior edge of this pygidium, the
pleurae are relatively wider (tr.) than in pygidia of the first type (compare PL 11.2, fig. 10 and 11). It
is possible that the second type of C. norfordi pygidia records an individual in which segments were
continually added to the pygidium after the release of segments to the thorax had ceased at the
initiation of the holaspid stage.

Cranidia and pygidia of Cnemidopyge norfordi are, in outline and proportion, extremely similar
to some specimens of Ampyx americanus Safford and Vogdes from the Athens Formation of Tennessee
and the lower Edinburg Formation of Virginia that were illustrated by Cooper (1953). A pygidium of
A. americanus (Cooper, 1953, Pl. 5, fig. 5) appears identical to the first type of C. norfordi pygidium
(PL. 11.2, fig. 3) if one ignores the pygidial ribs. It has a different outline and a narrower axis than
the pygidium of the holotype of A. americanus illustrated by Cooper, 1953, PL. 5, fig. 3), but it is also

Plate 11.2

Cnemidopyge norfordi n. sp. All from GSC loc. 54290,
Mount Burgess area, northern Yukon Territory.

Figures 1,2. Cranidium, holotype, X 3.5, GSC 61361. Figure 8. Cranidium, paratype, X 3.5, GSC 61365.
3,4. Pygidium, paratype, X 3 and X 18, GSC 61362, 9. Pygidia, paratypes, X 2.6, GSC 613664, b.
5,6. Cranidium, paratype, X 2.8, GSC 61363. 10. Pygidium, paratype, X 2, GSC 61367.
7. Pygidium, paratype, X 2.3, GSC 61364. 11,12, Pygidium, paratype, X 2, GSC 61368.
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Plate 11.2
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Figures 1-3.

Figures 4,5.

7.
8,9.

Figures 10,11.
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Plate 11.3

Lonchodomas carinatus Cooper. From GSC loc. 54290,
Mount Burgess area, northern Yukon Territory.

Cranidium, figured specimen, dorsal views of testate specimen
and latex impression, X 4, and X 13, GSC 61369.

Robergiella cf. sagittalis Whittington. All from GSC loc. 54290,
Mount Burgess area, northern Yukon Territory.

Cranidium, figured specimen, X 6, GSC 61370.
Free cheek, figured specimen, X 8, GSC 61371.
Free cheek, figured specimen, X 18, GSC 61372.
Cranidium, figured specimen, X 18, GSC 61373.

Cnemidopyge norfordi n. sp. All from GSC loc. 54290,
Mount Burgess area, northern Yukon Territory.

Hypostome, paratype, X 13, GSC 61376.
Free cheek, paratype, X 4, GSC 61377.
Free cheek, paratype, X &, GSC 61378.



about half the size (Whittington, 1959, p. 469 noted that Cooper's stated magnification for fig. 3 is in
error; itis X 2, not X 5). Similarly, in shape and proportion, the A.americanus cranidia
(Cooper, 1953, Pl 5, fig. 8,9) are very close to those of C.norfordi. Ampyx americanus and
Cnemidopyge norfordi are about the same age and appear to be closely related. As Hughes (1969,
p. 63) suggested, it is possible that the single North American species of Cnemidopyge was derived
from a different species of Ampyx than the British and Swedish species of Cnemidopyge.

Genus Lonchodomas Angelin, 1854

Type species. Ampyx rostratus Ampyx rostratus Sars from the Ampyx Limestone (Llandeilo and early
Caradoc), Oslo region, Norway; redescribed and illustrated by Whittington, 1950 (subsequent
designation by Raymond, 1925).

Lonchodomas carinatus Cooper, 1953
Plate 11.3, figures 1-3

1953 Lonchodomas carinatus Cooper, p. 17, PL. 7, fig. 12-17, 19-23.
1959 Lonchodomas carinatus, Whittington, p. 473, Pl. 32, 33.

1964 ? Lonchodomas sp., Norford, p. 132.

Figured specimen. A cranidium (GSC 61369) from GSC loc. 54290.

Remarks. Lonchodomas carinatus has been fully described and extensively illustrated by Whittington
(1959). ~ As he pointed out (p. 478), L. carinatus from the lower Edinburg Formation of Virginia is
extremely similar to the type species L. rostratus from strata of the same age in Norway. The two
species could well be synonymous.

Family REMOPLEURIDIDAE
Genus Robergiella Whittington, 1959

Type species. Robergiella sagittalis Whittington, 1959 from the Liberty Hall facies of the lower
Edinburg Formation (early Caradoc), Virginia (by original designation).

Robergiella cf. sagittalis Whittington, 1959
Plate 11.3, figure 4-9

1959 Robergiella sagittalis Whittington, p. 432, Pl. 6, fig. 16-32.

Figured specimens. Cranidia (GSC 61370, 61373) and free cheeks (GSC 61371, 61372). All from

GSC loc. 54290,

Remarks. The Yukon specimens differ from the Virginia specimens of Robergiella sagittalis
Whittington in having narrower (tr.) and longer (sag.) anterior cephalic tongues and relatively shorter
(exsag.) palpebral lobes. The long anterior tongue also distinguishes R.cf. sagittalis from the
specimens of Robergiella from Nevada, District of Mackenzie, and Scotland illustrated by Ross and
Shaw (1972, Pl. 2, fig. 1, 2), Ludvigsen (1975, PL. 5, fig. 22-25), and Tripp (1976, PI. 2, fig. 21-23).
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Abstract
Sedimentary rocks of the Nonacho Group, believed to be of Aphebian age, unconformably overlie
predominantly granitic basement in the Maclnnis Lake area. They include granite pebble

conglomerate, impure arkose, arkose, quartz pebble conglomerate, siltstone, shale, and sandstone, and
are folded about north-south trending axes. Gabbroic dykes of Helikian age cut the folded sedimentary
rocks. Eight uranium occurrences are known, seven of veintype and one disseminated. Three of the
former are hosted by the sedimentary rocks, two others by younger gabbroic intrusions, and two are in
amphibolite and gneissic granite of the basement. The disseminated occurrence is in arkose
interbedded with quartz-pebble conglomerate; the uranium mineralization is disseminated through the
chloritic matrix of detrital heavy mineral concentrations which consist predominantly of magnetite,
largely daltered to hematite, and contain traces of uranothorite, cassiterite, niobium- and tantalum-
bearing minerals and native gold. Field relations and preliminary studies on chemistry, mineralogy and
isotopic composition of the mineralized zones, suggest that the disseminated mineralization represents
uranium enrichment in the sediments prior to deformation, and that the veins in the sedimentary rocks
represent concentrations formed during the deformation. The veins in the gabbroic intrusions were
probably formed by deposition from groundwater circulated by convection currents generated by heat

of the intrusion, and those in the basement rocks possibly represent supergene concentrations.

Introduction

Maclnnis Lake, approximately 240 km southeast of
Yellowknife, is in the southwestern part of the Lower
Proterozoic Nonacho basin (Fig. 12.1). The study area is
approximately 20 km by 10 km. It was first explored for
uranium during the 1950s and 1960s. Seven occurrences were
discovered, and were investigated by trenching and drilling,
but none proved to be economic. The mineralization occurs
in the folded sedimentary rocks of the Nonacho Group, in
diabase intrusions, and in the basement rocks, mostly as veins
but also as dissemination along layers in the sediments.

Elsewhere in the Nonacho Lake area there are some
40 uranium occurrences and these have many features in
common with those in Maclnnis Lake area. During the last
few years there has been a significant surge in uranium
exploration throughout the Nonacho Lake area, and several
new occurrences, some promising, have been found. The
present study was undertaken in 1978 to obtain a better
understanding of the uranium mineralization of the MaclInnis
Lake area, and to develop genetic models to aid in resource
evaluation of this and other parts of the Nonacho basin.
Observations on the stratigraphy, the structure and the
characters of the mineralization, and a discussion of some
new isotopic data and genetic aspects, are presented. Some
guides for further uranium exploration, based on the present
study, are suggested.

Previous Work

Regional mapping of the Nonacho Lake area, on a scale
of 1 inch to % miles, was carried out by Henderson (1939a, b),
Wilson (1941), Stockwell et al. (1968), Mulligan and Taylor
(1969), and Taylor (1971). More detailed mapping, on a scale
of [:50 000, of Thekulthili Lake area southeast of Macinnis
Lake, was done by McGlynn (1978). The relationship of the
Nonacho Group to its basement rocks, and K-Ar isotopic age
determinations on rocks from the area, have been discussed
by Burwash and Baadsgaard (1962), McGlynn (1971) and
Donaghy (1977). A paleomagnetic study of the diabase dykes
has been carried out by McGlynn et al. (1974).

Exploration activities in the Nonacho Lake region,
including the Maclnnis Lake area, are summarized by
McGlynn (1971, p. 136-138), Thorpe (1972, p. 22-23), and
Gibbins et al. (1977, p. 75).  Unpublished reports on the
uranium exploration in the Maclnnis Lake area are by
Meagher (1955), Reid (1955), Campbell Todd (1956), Koehler
(1956), MacDonald (1956), McVittie (1956), Stephen (1956),
Spencer (1955), Meillon (1956), Hegge and Trigg (1967),
Checklin (1968), Makela (1970), Moffat (1974), MacLeod and
Brander (1975), and Harrington (1980). Mineralogical and
geochemical characters of some uranium occurrences in the
Nonacho Lake region, including a few in the MacInnis Lake
area, are described by Maurice and Plant (1979). The
Nonacho Lake area east of 110°W was covered by a
reconnaissance lake sediment geochemical survey by the
Geological Survey of Canada (Open Files 324, 325, 326) and
follow-up of some of the anomalies was carried out by
Maurice (1976, 1977 and 1979).

General Geology

The Nonacho Group rests unconformably on a basement
complex consisting predominantly of granitic rocks with
bands of metasedimentary and metavolcanic rocks. The
metasedimentary and metavolcanic rocks are exposed mainly
in the south, and are tentatively regarded as equivalent to the
Tazin Group of the Beaverlodge area in northern
Saskatchewan (Mulligan and Taylor, 1969; Taylor, 1971;
Tremblay, 1972). The basement complex is considered to be
Archean, and was affected by the Hudsonian events
(approx. 1800 Ma) that also folded the Nonacho Group, and
locally reset the K-Ar isotopic equilibrium (Burwash and
Baadsgaard, 1962; McGlynn et al., 1974; Donaghy 1977). A
further study of the basement complex is being undertaken by
Bostock (1980).

The Nonacho Group consists of about 3000 m of basal
conglomerate, grey to buff white arkose, local quartz-pebble
conglomerate, siltstone, shale and sandstone. The basal
conglomeratic rocks are best exposed in the southern part of
the basin, where they comprise thick beds interlayered with
grey arkose. The lowermost of these include lenses
containing large angular clasts of granite gneiss that can be
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interpreted as talus breccias deposited at base of fault
scarps. They are overlain by interbedded arkosic sandstone
and thick polymictic conglomerate. The arkosic and
conglomeratic strata are overlain by a thin bedded siltstone
and shale with interbedded sandstone. These fine grained
sedimentary rocks comprise most of the succession in the
northern part of the basin. The beds are commonly grey,
green and buff white, and include some pale pink to red-
maroon beds in the upper part of the sequence. Sedimentary
features such as current bedding, ripple-marks, mud cracks,
and load-casts are common, and are well preserved at many
places. Shale chip conglomerates, and fining upward cycles
are also observed. The coarser sedimentary rocks are largely
fluviatile. It appears that the Nonacho sediments were laid
down in a fault-controlled basin, which received the main
influx of sediments from the south, with some contribution
from other directions. General fining of the sequence
towards the north, and highly variable paleocurrent directions
support such a model. (McGlynn, 1971; personal
communication, 1978). A more detailed study of the Nonacho
sedimentary rocks is being undertaken by L. Aspler towards a
Ph.D. thesis at Carleton University, Ottawa.
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Nonacho sedimentary rocks are folded into gently
plunging open folds along north-northeast trending axes.
Minor folds and crenulations are common in siltstone and
shale beds, which are relatively more tightly folded than the
arkose and conglomerate. Foliation in the basement gneisses
and the metasedimentary bands has a regional north to
northeast trend, but there are a number of local deviations.
Faults parallel to the trend of the basin are located along the
margins of the basin and on the flanks of the basement highs
within it. Some of the faults predate the deposition of
Nonacho sedimentary rocks, and were reactivated during and
after the deposition of these rocks. Folding of the rocks may
be related to later movements along some of those faults
(McGlynn et al., 1974). At several places - along the
basement-Nonacho boundary, the hornblende- and biotite-rich
gneisses have been retrograded to chlorite-rich rocks.

Henderson (1937) mapped some of the granites along the
contact of the ‘Nonacho sedimentary rocks as "younger"
granites, and described what he regarded as their intrusive
relations with, and contact metamorphic effects on, the



sedimentary rocks. McGlynn (1971) on the other hand
observed that all plutonic rocks in contact with the Nonacho
sedimentary rocks are older, and are therefore part of the
basement on which they were deposited, and that in many
places, particularly along the western margin of the basin,
the unconformity has been destroyed or obscured by faulting.
Fieldwork by the writers in the Maclnnis Lake area supports
McGlynn's observations.

Fresh gabbroic dykes cut all the rocks mentioned
earlier, and studies by McGlynn et al. (1974) suggest that
many of the dykes were intruded approximately 1700 Ma ago,
and that the others probably belong to the younger Mackenzie
dyke swarm that was intruded approximately 1200 Ma ago.

Geology of the MacInnis Lake Area

The main lithologic units and structural features of the
Maclnnis Lake area are shown in Figure 12.2. Eight
lithologic units are mapped and are briefly described under
A) Basement complex (units ! and 2), B) Nonacho Group
(units 3, #, 5 and 6), and C) Younger Intrusions (units 7 and 8),
followed by a discussion on structural and stratigraphic
relations. Qutcrops are numerous in this glaciated terrain of
low relief.  The latest ice movement was from east-
northeast.

Lithology

A) Basement Complex (units 1 and 2): Mapping in the
basement complex is sketchy and is largely confined to the
vicinity of the Nonacho sediments.

Amphibolite (unit 1): A mappbale band of amphibolite
is exposed south of MacInnis Lake at the Pyramid Showing
(Fig. 12.2 and 12.8). It is intruded by gneissic and massive
granites.

Granite gneiss-granite (unit 2): Massive granite pre-
dominates and contains inclusions of granite gneiss,
amphibolite and rarely of impure quartzite. It is commonly
coarse grained with abundant pink potash feldspar, minor
quartz, hornblende, and other accessory minerals. Very
coarse pegmatitic phases occur locally.

B)  Nonacho Group (units 3, 4, 5 and 6): Four
lithostratigraphic units are distinguished, namely granite
pebble conglomerate (unit 3), impure arkose (unit #), pure
arkose-quartz pebble conglomerate (unit 5) and siltstone-
shale-sandstone (unit 6). The stratigraphic position of unit 5
with respect to units 3 and 4 is not certain and their possible
relations are discussed later.

Granite pebble conglomerate (unit  3): This
conglomerate occurs as a north-northeast trending band east
of Maclnnis Lake, and is approximately 0.5 km thick. Lenses
of impure arkose occur in some places and provide the only
evidence of stratification. The beds dip steeply to the east.
Clasts in the conglomerate are subrounded, and commonly
between 5 to 10 cm in diameter. Granite clasts are most
abundant, and they resemble the basement granite. Clasts of
other lithologies are scarce and include pegmatite, sheared
granite, granite gneiss, vein quartz and what appear to be
metasedimentary rocks. The matrix is dark greenish grey,
and silt to fine sand in size. Foliation in the matrix is well
developed in some places and it trends subparallel to the
strike of the unit and dips steeply to the east. The basal
contact of the unit is poorly exposed and appears to be
sheared.

Impure arkose (unit 4): This unit underlies a large area
east of the granite pebble conglomerate. It dips steeply to
the east and conformably overlies the granite pebble
conglomerate. [t is a greenish grey, medium- to coarse-
grained lithic sandstone, commonly massive and thick bedded.

Pure arkose-quartz pebble conglomerate (unit 5): A
distinctive unit of arkose interbedded with quartz pebble
conglomerate, 300 to 400 m thick, nonconformably overlies
granitic basement around the shores of Maclnnis Lake, and
outlines the rim of a structural basin or a syncline.
Stratigraphy of this unit based on 1975 fieldwork, is
illustrated in Figure 12.3.

Arkose predominates and is coarse to pebbly. The bulk
of the arkose is massive but stratification and crossbedding
are developed in some beds. Lenses rich in heavy minerals
are present locally (Pl. 12.1a). Conglomerate occurs as lenses
and beds up to 50 m thick, and contains subrounded to well
rounded, matrix supported quartz pebbles in an arkosic matrix
(Pl. 12.1b). Some lenses have very well sorted and closely
packed pebbles. The lower contact of the conglomerate is
commonly well defined but the upper boundary tends to be
gradational with the arkose. Weak foliation and imbrication
are developed in rocks of the unit and are more conspicuous
at the crests of the minor folds.

The basal beds of this unit, where observed, are arkosic,
and overlie nonconformably massive granite and gneissic
granite. The nonconformity is sharp, except at the north-
northwest corner of Maclnnis Lake where it is rather poorly
defined and appears to be gradational over a 20 m width.

Siltstone-shale-sandstone (unit 6): This is a thinly
bedded unit, consisting of grey and pale red silitstone
interbedded with greenish grey shales. Fine sandy beds are
also present, but are subordinate to the siltstones and shales.
Siltstones predominate over shales in the lower part of the
unit, At the base of the unit, they are interbedded with the
pure arkose-quartz pebble conglomerate of unit 5. The shale
beds predominate in the upper part of the unit.

C) Younger Intrusions (units 7 and 8):

Granodiorite dyke (unit 7); Stephen (1956) mapped one
dyke, approximately 60 m wide, in the northeastern part of
the Maclnnis Lake area (Fig. 12.2), and described it as a
fine- to medium-grained granodiorite composed of quartz
(10-15 per cent), mafic silicates (10 to 30 per cent) and equal
amounts of orthoclase and plagioclase. He also noted contact
metamorphic effects on the Nonacho sedimentary rocks. Age
of the dyke relative to the gabbroic dykes is not known.

Gabbroic instrusions (unit 8): Fresh gabbroic dykes and
intrusive bodies cut the basement rocks and deformed
Nonacho sedimentary rocks. Dykes in the basement are up to
30 m wide; those cutting the Nonacho sedimentary rocks are
relatively thin.

A few small pegmatitic patches cutting siltstone-shale
were observed by the writers on a large island approximately
{ km west of the granodiorite dyke. Their origin and
relationship to other intrusions are not certain.

Structural and Stratigraphic Relations

Nonacho sedimentary rocks at Maclnnis Lake are folded
into a north to northeast trending syncline with moderately
tight subsidiary folds and an east-northeast trending cross-
fold, as seen from the variations in attitude of the pure
arkose-quartz pebble conglomerate unit (Fig. 12.2). The
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overlying  siltstone-shale wunit, being relatively less
competent, is more complexly folded with numerous drag
folds and crenulations. The plunge of the subsidiary and
minor folds ranges from gentle to moderate.

The pure arkose-quartz pebble conglomerate is
restricted to the synclinal structure. To the northeast, it is
juxtaposed  with the granite pebble conglomerate
(Stephen, 1956; Meillon, 1965). The boundary is mapped as a

Lithostratigraphy of the arkose-quartz pebble conglomerate unit of the
Macinnis Lake area, District of Mackenzie.

fault or shear zone by Meillon (1965). In the vicinity of the
shear zone, beds dip steeply and away from it, and the rocks
are sheared to a varying degree. Furthermore, the juxta-
position of two very different lithologies, one representing
mature sediments and the other immature sediments, also
implies the presence of a fault, perhaps with a major lateral
displacement. The pure arkose-quartz pebble conglomerate
extends along the strike a few kilometres to the northeast,
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Dussault Prospect (after Makela, 1970).

Relationship of stratigraphy, structure and uranium mineralization at the




but is not known elsewhere in the Nonacho basin. The granite
pebble conglomerate and impure arkose on the other hand
have a much greater extent. The siltstone-shale-sandstone is
also very extensive and conformably overlies the impure
arkose elsewhere in the basin. These features suggest that
the pure arkose-quartz pebble conglomerate was deposited in
a limited area or in a restricted sub-basin, possibly fault-
bounded, that had a somewhat different sedimentary regime
than the rest of the Nonacho basin, but was later overlain
conformably by sediments common to the entire Nonacho
basin {unit 6). The impure arkose unit outside the MacInnis
Lake area has some relatively pure arkose beds, which also
contain lenses rich in heavy minerals, similar to those in the
pure arkose of unit 5. This suggests that on a regional scale
the two units may in part be related, and represent facies
variation. However, additional fieldwork is necessary to
define their stratigraphic relationship.

Several other faults were observed in the area, and a
few prominent ones are shown in Figure 12.2. They are
steeply dipping, and range in strike direction from east-
northeast to northwest. Lateral displacement along them is
small, in the order of a few metres to a few tens of metres.
The more prominent faults cutting Nonacho sedimentary
rocks have numerous quartz veins associated with them.

Uranium Occurrences

Veins in Nonacho Sedimentary Rocks — Dussault, Welch and
Cole prospects

Dussault Prospect: This prospect on the west shore of
Maclnnis Lake, and the Welch prospect 600 m to the north,
were staked in 1954 by Messrs. Dussault and Baudry and
Messrs. Welch and Drever, respectively, following the
discovery of the Island and Bragon Showings to the north by
Consolidated Mining and Smelting Company of Canada
Limited (Cominco Limited). The claims were acquired by
Canadian Pipelines and Petroleums Limited, and an intensive
exploration program was carried out during 1955 and 1956
which included geological mapping, a scintillometer survey,
trenching and drilling totalling 6412 m in 60 holes, of which
50 holes totalling 5194 m were drilled to test the Dussault
Prospect and its extension (Reid, 1956; Campbell Todd, 1956;
MacDonald, 1956). The drilling outlined a zone containing an
estimated 27 000 metric tonnes averaging 0.17 per cent U
metal (MacDonald, 1956; Makela, 1970; Checklin, 1970;
McGlynn, 1971; Thorpe, 1972). The property has been owned
by Scurry-Rainbow Oil Limited, a subsidiary of Home Oil
Limited, since the late 1960s.

The geology and the mineralized zones are illustrated in
plan and sections in Figure 12.4, based on the study of old
drill records and surface mapping done in 1978. The main
mineralized lens is 0.5 to 2 m thick, 150 m long and up to
60 m wide, and from the shore dips 4#0° to 60° to the east
beneath the lake. The rake is #0° to the north-northeast,
subparallel to the plunge of a small fold approximately 75 m
in amplitude. The mineralization consists of pitchblende in
veins and as disseminations and aggregates close to the veins,
subparallel to the bedding, along a 10 m thick stratigraphic
zone of interbedded arkose and siltstone-shale (argillite). The
pitchblende veins are up to 0.5 cm thick, but most are much
thinner veinlets or stringers.  Associated minerals are
chlorite, calcite, hematite, quartz, pyrite, chalcopyrite and
galena. Chlorite is the most abundant mineral, and is closely
related, spatially, to the uranium mineralization. Pyrite
occurs in quartz and calcite stringers that also contain
pitchblende, and in the wall rocks as disseminated cubes.
Secondary yellow uranium minerals are developed at the
surface along high grade veins.

*K 2(U02)(5103) 2(OH)2 . 5H,0

Welch Prospect: This  prospect was  explored
concurrently with the Dussault Prospect in 1955 and 1956.
Work done included trenching and diamond drilling totalling
1018 m in 10 holes (Reid, 1955; MacDonald, 1956). The
uranium mineralization is similar in character, and occurs
along the same stratigraphic zone, as at the Dussault
Prospect. It is however discontinuous and limited in extent
(Fig. 12.5). The host rocks are tightly folded and contorted.
Chlorite is abundant, but hematite and pyrite are less
common than at the Dussault Prospect. Maurice and Plant
(1979, p. 183) reported high contents of Ag, Pb, Ba and Bi,
and to some extent Th, in a mineralized sample, and
identified uraninite and boltwoodite* and also indicated the
presence of minute quantities of a Cu-Pb-Bi sulphide. The
thorium could be contained in detrital monazite in the
sedimentary host rock but the mineral was not found in the
thin sections studied.
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Figure 12.6.  Plan of trenches, Cole Prospect (after MacLeod and Brander, 1975);
note: uranium mineralization along shears and fractures exposed by the trenches.

A veinlet of quartz and calcite carrying galena was seen
in one of the trenches. The lead isotopic composition of this
galena has been determined and the results are discussed in
the section on isotopic ages. Uranium mineralization also
occurs in a set of crosscutting fractures on the shore just east
of the trenches (Fig. 12.6). The host shale-siltstone beds
away from the mineralized zone are light to medium grey-
green, and lack pyrite and chlorite, but have a somewhat
higher background radioactivity and wuranium content
(Table 12.1, no. 20 and 21).

Cole Prospect: This prospect was discovered in 1954 by
a group of prospectors, and was optioned by William Cole in
1955. He in turn optioned it to Iso Uranium Mines Limited
who carried out geological mapping and trenching
(Meagher, 1955). It was, however, found that some of the
original stakers had grub-staking agreements and ownership
was confused. The original claims were apparently allowed to
lapse. The property was restaked by prospector Fred Lypka,
who optioned it to Consolidated Shunsby Mines Limited, and
under a subsequent agreement Shell Canada Limited in 1974
sampled eight of the ten trenches and carried out geological
examination, and an airborne radiometric survey of the
surrounding region (MacLeod  and Brander, 197 5;
Gibbins et al., 1977). The property is presently owned by
F. Lypka estate.

Mineralization occurs in stringers and veins, up to 3 cm
wide, in sheared and fractured granite pebble conglomerate.
They are concentrated along two zones trending north-south
and approximately 75 m apart. The zones can be traced for
100 and 130 m, and are 10 to 30 m wide (Fig. 12.6). A few
other isolated veins are present in the vicinity
{Meagher, 1955). Foliation in the conglomerate trends north-
south with local variations from 330° to 010°, and commonly
dips 60 to 70° to the east. The veins are steep and commonly
trend north-south and truncate the foliation at low angles.
Some of them however cut the foliation at a high angle. The
minerals in the veins and stringers are pitchblende, hematite
and calcite, and some secondary yellow uranium minerals.
Stringers tend to follow foliation in the matrix of the
conglomerate, which contains seme chlorite and scattered
cubes of pyrite. Assay values up to 0.13 per cent U metal
over l.15m and 2.68 per cent U over 0.15m have been
reported on the trench (No. 8) samples. Some of the samples
from the western zone returned minor values of gold along
with uranium, the highest being 3.438 ppm (0.11 oz/ton) gold
and 0.21 per cent U over 0.76 m in trench 3 (McLeod and
Brander, 1975). Grab samples collected by the writers also
contain some gold (Table 12.1, no. 7 and 8).
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Table 12.1

Concentration of certain elements* in selected mineralized and
unmineralized rocks from the Maclnnis Lake area, District of Mackenzie.

No. Location P:m p;?n pF[;)an P?’Lf; p??n p;S)rr]n Lithology
Mineralized Rocks:
I Dussault Prospect: Tr-2%* 23 700 2430 2000 0.080 30.5 Pitchblende vein in siltstone, unit 5
2 " " : Tr-4 3250 180 5000  <0.005 5.0 Fracture-filling in arkose-
siltstone, unit 5
Welch Prospect: Tr-4 58 400 1200 4000 0.500 17.0 " " " "
4 " " " 17 000 350 5000 0.010 7.9 " " " "
" "o Tre-3 8860 NDt 30 000 0.010 11.0 Pitchblende-galena vein
in shale-siltstone
6 " "o Tr-l 2270 180 6000 0.015 2.7 Rusty argillaceous siltstone
7  Cole Prospect: Tr-4 6950 30 6000 2.165 1.4 Pitchblende vein in conglomerate
8 " " Tr-8 4660 ND 1000 0.510 3.8 " "on "
9  Moffat Showing: Tr-5 1720 740 2000 1.855 0.1 2754  Heavy mineral layers in arkose
10 " "o Tr-4 261 160 ND 0.015 ND 138 " " "o "
11 " "o Tre-l 176 130 ND  <0.0l0 ND 102 Shale-chip conglomerate
12 I km NW of no. |1 48 190 ND <0.010 ND Heavy mineral layer in arkose
13 15 km south of no. 11 46 160 ND 0.545 0.5 4 " " oo "
l4  Bragon Showing: Tr-3 1660 ND 1000 0.010 1.5 Pitchblende-pink calcite
. vein in gabbro
15  Island Showing: Tr-3 2270 40 ND 0.015 0.6 Pitchblende vein in gabbro
Ié " "z Tr-5 L1 30 ND 0.035 1.2 " mon "
17 Pyramid Showing: Tr-B 14 000 ND 1000 0.045 1l.4 " " " amphibolite
Unmineralized Rocks:
18 4.5 km, 080° from no. 14 10.0 100 ND Shale (argillite)+siltstone,
traces of chalcopyrite
19 3.75 km, 095° from no. 14 1.2 ND ND Fine grained, pale red sandstone
20 75 m NW of no. 6 17.7 ND ND ' L4 Shale at upper boundary of unit 5
21 50 m North of no. 20 4.5 ND ND " noon " "
22 20 m West of no. 21 4.6 ND ND Quartz pebble conglomerate
23 250 m North of no. 6 11.3 50 ND 116 " " "
24 48 m West of no. 23 9.4 50 ND Arkose, coarse
25 250 m WSW of no. | 11.8 ND ND Arkose
26 1.5 km NNW of no. 7 5.9 ND ND 49  Quartz pebble conglomerate
27  Moffat Showing; Tr-1 1.4 ND ND i 17 Arkose, heavy mineral lense,
arkose hematized at margin
28 500 m West of no. 7 2.3 ND ND Arkose at basal unconformity
29 15 m West of no. 28 2.7 ND ND Arkose
30 250 East of no. 15 4.5 ND ND Quartz pebble conglomerate
31 1.5 km, 260° from no. 15 9.1 40 ND 25  Arkose
32 4 m SE of no. 8 10.7 ND ND ' 7  Granite pebble conglomerate
*U: Delayed neutron activation analyses by Atomic Energy of Canada Limited, Ottawa
Th and Pb: X-ray fluorescence analyses by the Geological Survey of Canada Laboratories, Ottawa; analyst: R.M. Rousseau
Au and Ag: Fire assay + atomic absorption analyses by Bondar-Clegg and Company Limited, Ottawa
Sn: X-ray fluorescence analyses by Bondar-Clegg and Company Limited, Ottawa
HTr-2: Trench No. 2.
+ND: Not Detected.
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Dissemination in Nonacho Sedimentary Rocks — Moiffat
Showing and Other Occurrences

Moffat Showing: The showing was discovered and
staked as WW claims by prospectors Wm. W. Moffat and
Jim Barton in 1958 for Murky Fault Metal Mines Limited and
Snowdrift Basemetal Mines Limited (Moffat, personal
communication, 1980). It was explored by 5 trenches and 6
short X-ray drillholes totalling 227 m. Samples were
analyzed for tin, uranium and gold, but no values of economic
interest were encountered (Meillon, 1965; Moffat, 1974). The
mineralization occurs along stratiform lenses of detrital
heavy mineral concentrations in arkose that dips gently to the
north.

The relationship between the stratigraphy and
mineralization is illustrated in Figure 12.7. The basal arkose
is followed by coarse quartz-pebble conglomerate with thin
beds and lenses of arkose, which in turn is overlain by pebbly
arkose with beds and lenses of conglomerate and also lenses
of heavy minerals. The unconformity with the basement
gneissic granite is well exposed along the section studied and
is sharply defined. Quartz veins up to 3 cm thick and
subparatlel to gently dipping beds are present along the
unconformity.  The bedding is poorly developed in the
sedimentary rocks, with the exception of parts of the upper
arkose containing heavy mineral concentrations (Pl. 12.1b),
and the contacts of conglomerate layers which are well
defined in many places (Pl. 12.1a).

The lenses rich in heavy minerals are distinctive
because of their dark brownish grey to steel grey colour, in
contrast to the buff white arkose. The lenses are up to a few
centimetres thick, and are traceable for a few metres along
the strike and dip. They consist of alternating thin layers, up
to 5 m thick, of dark grey heavy minerals and lighter coloured
quartz- and feldspar-rich layers. Sedimentary features such
as crossbedding, scour and channel-filling and drop pebbles
are observed in them (Pl. 12.1a). The crossbedding indicates
transport of the sediments from south to north.

Mineralogical studies show that the heavy minerals are
magnetite, now largely altered to hematite (very weakly
magnetic), cassiterite, zircon, tourmaline, monazite,
uranothorite and native gold. The detrital grains are 0.5 to
I mm in diameter. Magnetite constitutes over 98 per cent of
the heavy minerals, and polished sections show nearly
complete alteration to hematite except for some small
remnants of magnetite in a few grains. Hematite and
magnetite also occur in intergranular space as fine grained,
blade-like  crystals concentrated around the larger
hematitized magnetite grains, and also intergrown with a
chloritic mineral that forms the matrix. Chemical analysis of
one sample (GFA-78-178, see sample no. 9, Table 12.1, for U,
Th, Pb and Au values) gave 0.8 per cent Ti, indicating the
titaniferous character of magnetite. A few of the magnetite
grains examined under the microscope have what appear to be
thin ilmenite Jlamellae. Cassiterite occurs as a few scattered
grains, which have a variable deep reddish brown colour in
thin section. The sample analyzed contains 2754 ppm Sn. Tin
is present in a majority of the heavy mineral lenses
encountered during trenching and drilling (Moffat, 1974).
Monazite and wuranothorite grains can be seen in
autoradiograph (Pl. 12.1d) as sharply defined spots: these have
been identified during a study of another sample from the
same trench from which sample GFA-78-178 was obtained
(Maurice and Plant, 1979, p. 185). The autoradiograph also
shows a haze in the matrix, but the radioactive mineral phase
causing it is too fine grained to identify by optical and X-ray
diffraction methods. Electron microprobe study by Maurice
and Plant (ibid.) showed that this phase contains 55 to
60percent U; Ti, P, Fe and Si are also present.

Approximately 85 per cent of the total uranium in the
mineralized samples, as determined by delayed neutron
activation analyses, is readily leachable by cold 1 N HCI,
indicating that much of the uranium is in the matrix phase;
the remainder is presumably in the detrital uranothorite,
monazite, and zircon.

Five flakes of native gold were discovered by the first
author during an examination under a binocular microscope of
a -150 mesh heavy fraction of sample GFA-78-178 prepared
for isotopic age determination (Table 12.2). No gold was seen
in the sections examined under the microscope but analysis by
fire assay indicated 1.855 ppm in the sample (Table 12.1;
sample no. 9), from which the heavy mineral concentrate was
prepared.

Traces of biotite and a small grain of a galena-like
mineral were observed in polished thin sections.  High
contents of Ta (139 ppm), Nb (300 ppm), Ce (104 ppm), La
(478 ppm), Y (128 ppm) are present, but the mineral phases
containing these elements were not identified. The
mineralized sample also contains 624 ppm Zr.

At some places in the vicinity of heavy mineral
concentrations, the enclosing arkose shows reddish hematitic
coloration in irregular patches and thin layers, and weak
radioactivity is commonly associated with it. Traces of
pyrite in the arkose-quartz pebble conglomerate are reported
by Moffat (1974, p. 92).

Other Occurrences Anomalous radioactivity up to
10 times the background was found in the arkose and quartz-
pebble conglomerate at four other localities in the Maclnnis
Lake area (Table 12.1 nos. 12, 22, 23 and 24.) These are
characterized by high Th/U ratios. One of the localities
(no. 12, Table 12.1) represents the extension of the Moiffat
mineralization. It was explored by a 35 m long drill hole
which intersected 4 heavy mineral lenses (Moffat, 1974,
p. 80). The radioactivity at the other three localities
represents high contents of detrital monazite and zircon.
Heavy mineral lenses were also intersected in an exploratory
drill hole, 40 m long, on an island in the southern narrow
extension of Maclnnis Lake (Fig. 12.2), known as Pebble
Isiand, and 2 of the 10 lenses carried minor tin values, but no
uranium was detected in any of them (Moffat, ibid, p. 81).
Pyrite is reported in some of the host arkose and quartz
pebble conglomerate beds.

“In addition to these, another occurrence similar to the
Moffat Showing is reported by Meillon (1965). It is 15 km
south of the Moffat Showing, and was examined by the
writers in 1979. The dark heavy mineral layers are up to
8 mm thick and occur in medium grained arkose which dips
gently to the northwest. The arkose resembles the pure
arkose at Maclnnis Lake but is part of the impure arkose
(unit 4). The heavy mineral layers are well exposed in
outcrop and frost-heaved boulders on the shore of a lake for a
distance of 100 m. Some layers are in crossbedded lenses,
and others are in parallel bedded layers traceable for a few
metres. Polymictic conglomerate occurs as thin beds up to
20 cm thick. Meillon %1965) reported a sample assay of
0.030 per cent U and 0.045 per cent Sn over a thickness of
7.6 cm.  Analyses of another sample, representing a | cm
thickness of heavy minerals, collected by the writers, are
given in Table 12.1 (no. 13). Close similarities between this
occurrence and the Moffat Showing suggest that this type of
disseminated uranium mineralization in arkosic beds may be
more common than known to date. It is not certain, however,
whether or not it occurs preferentially along a definable
stratigraphic horizon or is distributed over a considerable
stratigraphic thickness.
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Table 12.2

Pb-U isotopic analyses of uranium-bearing samples from the Nonacho Lake area, District of Mackenzie

Sample
Sample Weight Pb Atomic Weight Per Cent
Number Location (mg)  Weight  Per Cent Measured Isotopic Ratios Age in Million Years
206y 207py  207py 206p,  207py  207p
u Pb 204 206 207 208 238y 235, 206p) 2385 235() zosgb
GFA-77-161 Dussault Prospect :
€1°20.8'N; 110°14,2'W 235,832,248  0.862 0.251 83.005 7.817 8.927 0.02457 0.169 0.05002 156 159 196
GFA-78-178 Moffat Showing
€1°19.8'N; 110°09.9'W  142.8 9.544  0.740 0.176 69.871 6.654  23.299 0.06042 0.490 0.05882 378 405 560
LE-71-27 BEN Claims
€1°57'N; 109°46'W 2.1 50.90 1.68 a) 0.0352  91.250 7.358 1.357 0.03483 0.361 0.07516 221 313 1073
b) 0.1729  84.600 8.817 6.410 0.03143 0.326 0.07519 199 286 1074
THEK-4 Steve Showing
€1°01.8'N; 110°09.4'W  260.0  36.68 - 3.58 0.014 90.356 9.194 0.438 0.10235 1.406 0.996]1 628 391 1671

a) with correction for 10 per cent blank (0.075 ug Pb).
b) with correction for 0.1 per cent blank (0.075 pg Pb).

a showing on 'BEN' claims held by Imperial Oil Limited.

Limited.

Analyses by Teledyne Isotopic Laboratories, Westwood, New Jersey, U.S.A.,

Isotopic ratios corrected for the presence of common lead using the lead isotopic composition
of a galena sample from Basille Bay, East Arm of Great Slave Lake, reported by Robertson
and Cumming (1968), and processing the analytical data by computer program "CONCORD"
written by R.I. Thorpe of the Geological Survey of Canada.

Sample LF-71-27 collected by H.W. Little of the Geological Survey of Canada in 1971 from

Sample THEK-4 collected by M.J. Kreczmer of SMD Mining Company Limited, a subsidiary
of Saskatchewan Mining Development Corporation, in 1978 from the Steve Showing on 'THEK'
claims held by the company. All sample concentrates prepared at the Geological Survey
of Canada, Ottawa; Analytical data on sample THEK-4 provided by SMD Mining Company

Veins in the Basement Rocks — Pyramid and Kult Showings

The Pyramid Showing is south of Maclnnis Lake
(Fig. 12.2) and was first staked by S. Yanik in 1966 (Thorpe,
1972, p. 22-23). The claims known as the Pyramid group,
were subsequently acquired by Territorial Uranium Mines
Limited, and the showing was explored in 1967 by 6 trenches
and 10 holes totalling 796 m of drilling (Hegge and Trigg,
1967; Fig. 12.8). The original claims were allowed to lapse.
The area around the showing was staked again in 1979 as the
Kult group of claims by PNC Exploration (Canada) Limited, a
subsidiary of Power Reactor and Nuclear Fuels Development
Corporation of Japan. A new showing was discovered in 1979
approximately 3 km north-northeast of the Pyramid Showing
(Harrington, 1980), and it is referred to as the Kult Showing
in this paper.

Pyramid Showing: Uranium mineralization occurs along
veins and fractures in sheared chloritic zones on the west side
of a northtrending amphibolite band, surrounded by granite.
The band is up to 200 m wide, and varies in character from
weakly foliated gabbroic rock to highly chloritized sheared
mafic rock. It is intruded by a quartz-rich potassic granite,
and the boundary as seen in outcrops and drill core is a wide
zone of layers, lenses and irregular patches of the granite
alternating with the chloritized and locally granitized
amphibolite. Foliation in the amphibolite trends north, and
commonly dips vertically or steeply to the west. Some

granite gneiss and pegmatite dykes are present in the vicinity
of the amphibolite. The granitic complex is considered by the
authors to be older than the Nonacho Group, rather than
younger as it was regarded by Hegge and Trigg (1967).

Uranium mineralization occurs in veins and fractures
for 40 m along one zone and locally in a subsidiary zone 30 m
to the east. Both zones are sheared and partly brecciated,

and carry abundant fine grained chlorite and some
disseminated pyrite. At places the host rock resembles
argillite. Drillholes did not encounter any uranium

mineralization, but indicated that the main zone has a sinuous
north to northeast trend and is traceable for approximately
400 m (Hegge and Trigg, 1967). This zone is up to 5 m wide
but is narrower at depths of 50 to 75 m. It dips 70 to &5° to
the west. The subsidiary zone is subparallel to the main zone,
traceable for only 40 m along strike and pinches out at
shallow depth. Most veins trend approximately parallel to the
shear zones and are commonly steep. A few veins trend
across the shear zone at high angles. The veins contain

quartz, white and pink calcite, hematite, pyrite and
chalcopyrite in different proportions, and locally yellow
secondary uranium oxides were seen in the trenches.

Analyses of one high-grade sample is given in Table 12.1
(no. 17).  The wuranium mineral has been identified as
pitchblende from the polished section study and X-ray
diffraction.
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Kult Showing: Uranium mineralization occutrs as
veinlets and fracture-fillings in gneissic granite, and at one
place in what appears to be a sheared conglomerate in the
gneissic granite (Harrington, 1980).

Veins in Gabbroic Intrusion —Island and Bragon Showings

Samples from these showings, first collected in the fall
of 1954 by prospectors C. Brock and D. Bagan of Consolidated
Mining and Smelting Company of Canada Limited, returned
significant uranium values, and they were staked in May 1955,
and were mapped and explored by trenching and drilling
during 1955, 1956, and 1957 (Spencer, 1955; McVittie, 1956;
Koehler, 1957; McGlynn, 1970, p. 136-137). The claims were
subsequently allowed to lapse.

The host rocks at both the showings are gabbroic to
dioritic in composition, and have chilled margins against the
granite and granite gneiss they intrude. Locally at the
mineralized zones the intrusive relationship is not clear
because of brecciation, shearing and chloritic alteration, and
granite appears to be intrusive into the mafic rock. At the
Island Showing, the contact zone exposed in southeastern
trenches has some lenses of granite material and red feldspar
aggregates in the highly chloritic mafic rock. It is possible
that high temperature gabbro intrusions locally produced a
hybrid zone or rheomorphic effects and back veining. The
altered mafic rock grades into the fresh-looking massive
gabbro at both showings. At the Island Showing, the
gabbro cuts Nonacho sedimentary rocks (Spencer, 1955;
Koehler, 1957). At the Bragon Showing, it does not come in
contact with the sedimentary rocks, but it is reasonable to
assume that it is younger than them.

Island Showing: Mineralization occurs at the margin of
a gabbro body of irregular outline, that forms a small hill in
the northwestern part of an island (Fig. 12.9). The lower
contact with granite is exposed on the north side and dips
moderately to the southwest, and has a chilled zone which is
somewhat sheared. The contact is very irregular to the
southeast where the main mineralized zone is located. Seven
trenches were blasted in 1955 and two holes totalling 120 m
were drilled in 1957 (Spencer, 1955; Koehler, 1957). The main
zone is approximately 70 m long, and has mineralized
fractures and veins trending west-northwest and dipping
approximately 60° to the southwest. They are cut by a
number of short cross fractures which carry some
mineralization. The minerals present are pitchblende, quartz,
chlorite, hematite and traces of calcite, pyrite and
chalcopyrite. Channel samples assayed up to 0.17 per cent U
over 2 m, but others ranged between 0.05 and 0.l4 per cent
over narrower widths. Drillholes did not encounter any
mineralization and intersected gabbro near surface and
granite at depth (Koehler, 1957). Some radioactivity is
present along joint planes and fractures in the massive fresh
gabbro on the north side of the small hill. Northwest trending
barren quartz veins also occur here. Another small, high-
grade occurrence is reported 215 m northeast of the main
zone, and a grab sample from it returned 0.81 per cent U. It
is a short vein up to 3 cm wide in granite gneiss near a gabbro
body, and contains massive and botryoidal pitchblende. The
massive granite to the southeast of the main zone is coarse to
pegmatitic and locally has radioactivity that is two to three
times higher than background.

Bragon Showing: The showing occurs in a dyke-like
gabbro body approximately 25 m wide, that strikes north-
south. The gabbro is fresh, massive medium- to coarse-
grained, with a rather high proportion of accessory
magnetite. It cuts massive granite. Pegmatite patches and
dykes are common in the granite.
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Figure 12.8. Geology of the Pyramid Showing, Maclnnis
Lake area (after Hegge and Trigg, 1967 ).

Uranium-bearing veins and fractures occur in an area
approximately 50 m by 30 m (Fig. 12.10). They are steeply
dipping, and trend in various directions, the most common
being east-west and north-south. There is no well defined
single fracture zone. Individual fractures range in length
from a few metres to a few tens of metres. Radioactivity is
traceable along them for lengths up to 8 m. Exploration work
in 1955 and 1956 included 7 trenches and 14 short X-ray
drillholes  totalling 150 m (Fig. 12.10; Spencer 1955,
McVittie, 1956). Channel samples gave a maximum assay of
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0.18 per cent U over 1.67 m, and other values ranged from
0.04 to 0.09 per cent U over narrower widths. Assays on drill
core samples ranged from 0.04 to 0.13 per cent U over 0.1 to
0.2m lengths. The uranium mineral was identified as
pitchblende and this has been confirmed by Maurice and Plant
(1979, p. 183). It is accompanied by hematite, pink and white
calcite, chlorite, quartz and locally secondary yellow uranium
minerals. There is extensive chloritization of the wall rocks
in the vicinity of some of the veins. Some of the calcite
aggregates are crenulated.

Isotopic Age Determinations

Several K-Ar isotopic age determinations on granitic
rocks and diabase dykes from the Nonacho Lake area have
been published by Burwash and Baadsgaard (1962),
Wanless et al. (1968) and McGlynn et al. (1974). These are
briefly reviewed below, and new data on four Pb-U and two
Pb-Pb isotopic analyses are presented.

The granitic rocks dated are from the Thekulthili Lake
area in the southern part of the Nonacho basin (Fig. 12.1), and
include hornblende-plagioclase gneiss, granite, pegmatite,

Geology of the Island Showing, Macinnis Lake area (after Spencer, 1955 and Koehler, 1957).

granitic boulders in conglomerates of the Nonacho Group and
sheared granite, all of them representing the basement. A
hornblende-plagioclase gneiss sample gave an age of 2240 ma
on hornblende. A relatively little deformed granite yielded
an age of 2175 Ma on muscovite. Three granitic boulders in
Nonacho conglomerates yielded muscovite ages of 2440, 2260
and 1940 Ma. Muscovite from a pegmatite cutting gneiss has
been dated at 1845 Ma. Four samples of gneissic to intensely
sheared granitic rocks in the vicinity of deformed Nonacho
sediments are 1850, 1800 (and 1790), 1785 and 1745 Ma old as
determined by analyses of muscovite and biotite (and sericite)
concentrates from them. These data suggest that deposition
of Nonacho sediments occurred between 2000 and 1800 Ma
ago, and that they were deformed approximately 1700 Ma
ago.

The deformed Nonacho sedimentary rocks are cut by
fresh diabase dykes, referred to as 'Sparrow' dykes. Whole
rock K-Ar isotopic analyses of three of these from the
northern and southern parts of the basin yielded ages of 1550,
1480 and 1390 Ma. Somewhat older ages, between 1550 and
1750 Ma have been obtained on four diabase dykes by
the “9Ar/®°Ar isotopic method, and the range of ages is
supported by paleomagnetic studies (McGlynn et al., 1974).
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Figure 12.10. Plan of trenches and drillholes, Bragon
Showing, Maclnnis Lake area (after Spencer, 1955 and
McVittie, 1956).

Pb-U isotopic analyses on four samples from uranium
occurrences are presented in Table 12.2. Two samples are
from the Maclnnis Lake area, and two others are from
localties north and south of it (see latitude and longitude in
the table), and are included here for comparison. The results
are plotted on a concordia diagram in Figure 12.11. It can be
seen from the figure that the ages, except for the youngest,
are discordant, due to loss of lead from the system or gain of
uranium since the initial deposition of the uranium mineral.
The 2°7Pb/2°Pb ratios yield ages that cover a wide range.

The oldest age of 1617 Ma is. obtained for sample
THEK-4 from Steve Showing, located approximately 120 km
south of Maclnnis Lake. Uranium occurs as pitchblende,
which is disseminated along a sinuous zone, up to 10 cm wide
and traceable for 2 m, in an impure medium grained arkose
interbedded with polymictic conglomerate. The mineralized
zone transgresses the bedding; it trends north-south and dips
steeply, whereas the beds strike northeast and dip
approximately 30 degrees to-the southeast. The eastern
margin of the zone is marked by red hematite stain, and the
mineralization gradually decreases in intensity towards the
west. A representative sample assayed 5000 ppm U,
95 ppm Th and 470 ppm Pb. The host beds are folded. The
folds are broad, open and trend north-northeast. The
deformation is weak. It is possible that the mineralization
predated the deformation, and was little affected by it.
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Sample LF-71-27 is from a showing located
approximately 250 km east-northeast of Maclnnis Lake, and
represents a pitchblende vein cutting granitic gneiss of the
basement, close to the unconformity at the base of the
Nonacho Group, according to notes by H.W. Little who
collected the sample. The mineralization also occurs along
fractures in  the Nonacho sediments according to
Gibbins et al. (1975, p. 76). The 2°7Pb/2°5Pb age of 1073 Ma
for this sample thus represents a minimum age for the vein
type mineralization, and may be extrapolated to similar
mineralization in the Maclnnis Lake area at the Dussault,
Welch and Cole prospects. Sample GFA-77-161 form the
Dussault Prospect however yielded a much younger and nearly
concordant age of 196 Ma. This may in part be due to the
loss of radiogenic lead by weathering processes,.-as the sample
is from a trench at the lake shore and carries some yellow
uranium oxides along several minute fractures. The Pb:U
ratio in the sample is 1:37.4 (Table 12.2). This sample was
concentrated for the isotopic analyses by heavy liquid
separation (methylene iodide) of -150+200 mesh and -200
mesh fractions. A portion of the -200 mesh fraction prior to
the separation was reserved for analyses by other methods, as
reported in Table 12.1, no. I. The Pb:U ratio on this portion
of the sample is l:14.4 which is significantly higher than the
one obtained on the sample concentrate for the isotopic
analysis. It is possible that the heavy fraction analyzed
isotopically contains less than a true representative
proportion of the radiogenic lead, resulting in a relatively
young age.

Sample GFA-78-178 from the Moffat Showing was
prepared to obtain a concentration of readily leacheable
uranium from the matrix. This was carried out by repeating
steps of heavy liquid separation and magnetic isodynamic
separation of the -200 fraction. A fraction which sinks in
methylene lodide (sp.gr. 3.3) and is nonmagnetic at a 0.1 amp.
and magnetic at a 0.5 amp. setting on the Franz isodynamic
separator was chosen. It should ideally contain the highest
concentration of chlorite, the mineral with which uranium is
closely associated in the matrix, and be devoid of the
uranjum-bearing detrital minerals namely uranothorite,
monazite and zircon. This concentrate was analyzed, using
cold IN HC! leach, by the fluorimetric method, and gave
1300 and 1100 ppm U in duplicate analyses. This content is
only slightly higher than 1200 and 1100 ppm U reported on the
whole rock sample analyzed similarly. This suggests that the
proportion of uranium-bearing matrix in the concentrate is
only slightly higher than in the rock sample as a whole, and
probably results from the loss of the matrix to the finer
fractions and to other fractions as particles attached to
detrital grains. The lead content of the concentrate is
300 ppm compared to 2000 ppm for the whole rock. The
concentrate was repeatedly run through the isodynamic
separator. For the isotopic analysis, the final concentrate
was leached in IN HCl. The results given in Table 12.2 show
that the Pb/U ratio is lower that that in the whole rock,
indicating a loss of lead relative to uranium during the
mineral separation. Furthermore the high 2°8Pb content of
the leached lead suggests that lead derived from thorium
decay is present. The age of 560 Ma represents the minimum
age of emplacement of readily leachable uranium.

The points representing three of the samples, namely
THEK-4, LF-71-27 and GFA-77-161 lie approximately on a
straight line (Fig. 12.11). The join of these points intersects
the concordia at 1800 Ma and 100 Ma. This suggests that the
initial uranium mineralization could be as old as 1800 Ma, and
may have evolved by loss of different proportions of
radiogenic lead at about 200 Ma ago. Sample GFA-78-178 is
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Figure 12.11.

from a different type of mineralization and may have evolved
in a somewhat different manner. These isotopic data,
however, are insufficient to draw any firm conclusions
regarding the time of origin and subsequent evolution of the
mineralization.

Lead isotopic analyses of two galena samples from the
Nonacho Lake area are given in Table 12.3., One is from
the galena vein at the Welch Prospect, mentioned earlier,
and is closely associated with pitchblende veins. 1t has
had a uranogenic lead component added to it, otherwise
the 2°8Pb/2°%Pb ratio would be higher than that obtained.
The latter ratio is most similar to that reported by
Robertson and Cumming (1968) for galena from Basille
Bay, East Arm of Great Slave Lake, approximately
100 km northwest of Maclnnis Lake. Assuming that the
lead at the Welch Prospect evolved from an initial
composition identical to the Basille Bay lead, the
normal  2°7pPp/2°%pPh  versus 2°Pb/2°“Pb plot gives a
AZ97/A206 slope of 0.097, and a plot of 2°7Pb/2%8ph versus
206pp/208ph pives a slope of 0.1006. These yield calculated
ages of 1570 Ma and 1635 Ma respectively. These ages
coincide approximately to the time of deformation of the
Nonacho Group, and suggest remobilization of uranium and
radiogenic lead at that time.

Concordia plot of pitchblendes from the Nonacho Lake area, District of Mackenzie.

The galena sample from the Thekulthili Lake area is
from a massive galena occurrence in the basement gneiss. It
was first reported by prospectors R.J. Menard (Mineral
Occurrence Map, NTS 75D, Fort Smith; Department of Indian
and Northern Affairs, Yellowknife, N.W.T.), and was
examined by the writers in 1979. The host gneiss is fine- to
medium-grained with alternating felsic and mafic folia, from
0.5 to 2mm thick, rich in pink feldspar and in chlorite,
hornblende and biotite.  The mafic minerals constitute
approximately 30 per cent of the rock. The foliation is well
developed, regular, and strikes 030° and dips 65° to the
northwest at the showing. The dip becomes gradually
shallower to the northeast. The lenses of massive galena, up
to 0.4 m thick occur parallel to the foliation along a strike
length of 15m, and are exposed by four closely spaced
trenches.  Minor sphalerite is associated with the galena.
Epidote occurs in the gneiss in the vicinity. Pods of
pegmatite also occur in the gneiss. Quartz veins with traces
of pyrite are found to the west of the showing. Some of the
veins, and pegmatitic patches as well as the galena lenses,
have a crude to well defined foliation subparallel to that in
the gneiss. The isotopic analysis of sample GFA-78-101
(Table 12.3) gives an age of 2150 Ma according a two-stage
model proposed by Stacey and Kramers (1975) and 2132 Ma
according to a lineal model proposed by Cumming and
Richards (1975; R.l. Thorpe, personal communication, 1979).
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Table 12.3

Lead isotopic analyses of two galena samples from the Nonacho Lake area.

Sample 206p}, 207pp, 208py,
Number Location 204pp Z0%pp 204pp Remarks
() Welch Prospect; Galena and pitchblende vein
Welch-77-1 Trench 3; Maclnnis 18.318 15.639 35.375 in siltstone-shale at the
Lake; 61°21.3'N upper boundary of unit 5.
110°14.0'W
(b) Thekulthili Lake, Galena lenses along foliation
GFA-78-101 Big Pine Narrows; 14.711 15.034 34.971 in the basement gneiss
60°58'N
110°15.5'W
(a) Sample Welch-77-1 collected by W.A. Padgham and W.A. Gibbins of the Department of Indian
and Northern Affairs, Yellowknife, in 1977, and analyzed in 1978 at the University of British

Columbia, Vancouver, by B. Ryan.

(b) Sample GFA-78-101 collected in 1978 by M.J. Kreczmer of SMD Mining Company Limited
and analyzed in 1979 at the Geological Survey of Canada, Ottawa, by W.D. Loveridge.

Nonacho sedimentary rocks unconformably overlie the host
gneiss, and the model age probably represents the maximum
age of the Nonacho Group.

The two Pb-Pb ages thus suggest that sediments of the
Nonacho Group were deposited sometime after 2150 Ma and
were deformed approximately 1650 Ma ago. This is in general
agreement with the isotopic ages obtained by K-Ar methods
and paleomagnetic studies.

Genetic Hypotheses

The disseminated and vein type uranium occurrences of
the Maclnnis Lake area constitute two genetically different
types of mineralization.

The disseminated mineralization, exemplified by the
Moffat Showing, is stratiform and is related to the
paleoplacer accumulation of detrital heavy minerals which
included monazite, zircon and uranothorite as the uraniferous
minerals. The readily leachable uranium, which accounts for
approximately &5 per cent of the total, is in the matrix, is
apparently younger, and- was probably emplaced during
diagenesis. The mechanism of uranium precipitation is not
clear. There is a notable lack of strong precipitating agents
such as organic matter. Traces of pyrite are reported in the
host rocks but the mineral is not intimately associated with
the uranium mineralization. Extensive oxidation of
magnetite to hematite may have «created reducing
environments in which uranium could be deposited from
circulating uranium-bearing solutions. It is also likely that
the chloritic matrix acted as an adsorption medium, and
uranium and other associated elements namely titanium, iron,
phosphorus and silicon, were deposited in it. These elements
could have been derived during diagenesis from the minerals
present, namely uranothorite, zircon, apatite, magnetite and
quartz.  Uranothorite, which contains up to 10 per cent
uranium, tends to be metamict, and may release part of its
uranium under favourable conditions. Monazite and zircon
contain smaller amounts of uranium (less than 1 and
3 per cent respectively) and are relatively more stable. The
proportion of these three detrital minerals, however, is too
small, less than 0.1 per cent each, to contribute significantly
to the readily leachable uranium in the matrix. It is
therefore suggested that circulating waters during
sedimentation and diagenesis provided most of the uranium in
the matrix. The 2°7Pb/2°¢Pb age of 560 Ma obtained is much
younger than would be expected from this genetic model. It
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can, however, be attributed partly to radioactive
disequilibrium in an open system in which uranium is weakly
bonded to the matrix of the host rock and partly to loss of
radiogenic lead relative to wuranium during sample
preparation. The initial mineralization is probably as old as
the mineralization at the Steve Showing which yielded a
discordant age of 1671 Ma (Table 12.2), Other isotopic age
determinations discussed earlier suggest that this is close to
the time of deformation of Nonacho sedimentary rocks. The
deformation most likely resulted in reconstitution of the
uranium minerals, and the age of initial mineralization, if
older than this event, would be difficult to obtain by the Pb-U
isotopic method.

The presence of native gold, cassiterite, and niobium-
and tantalum-bearing minerals in the paleoplacer is
suggestive of a source area such as the Yellowknife-Blachford
Lake area north of Great Slave Lake, where native gold
occurs in veins and shear zones in an Archean greenstone belt
(Boyle, 1961), cassiterite occurs in pegmatites in
metamorphic aureoles of younger Archean granites (Moffat,
1974; Mulligan, 1975), and niobium- and tantalum-bearing
minerals occur in late stage veins and alteration zones in a
perakaline intrusive complex dated at 2057 Ma by the K-Ar
isotopic method (Davidson, 1978). It is interesting to note
that garnet is not found in the paleoplacer, and it is not a
common mineral in this probable source area. The area is
between 150 and 250 km northwest of Maclnnis Lake.
Current bedding in the sediments at Maclnnis Lake indicate
that paleocurrents were from south to north. McGlynn (1970,
p. 94) has, however, pointed out that they probably do not
correspond to sedimentary transport direction, and the source
areas, in addition to nearby basement highs, may have been in
the north, as quartzite boulders in one of the polymictic
conglomerate beds in the Nonacho Group are lithologically
similar to the quartzites of Late Archean or Early Aphebian
Wilson Island Group exposed on islands in Great Slave Lake.
The Nonacho conglomerates near Thekulthili Lake contain
sparsely distributed large, well rounded pebbles of an altered
porphyritic intermediate rock, with high contents of niobium,
tantalum, thorium and uranium (Maurice and Plant, 1979), and
their source may be the same as that of the detrital minerals
carrying these elements in paleoplacers. The area within
several hundred kilometres to the south, southwest and west
of Maclnnis Lake has no known occurrences of native gold,
cassiterite or niobium- and tantalum-bearing minerals that
could be regarded as possible sources for the paleoplacer.



The vein type occurrences are primarily controlled by
minor fractures and shears. Maurice and Plant (1979, p. 183)
suggested that the occurrences on the west shore of MacInnis
Lake are distributed along a north-south trend and that the
mineralizing activity may have occurred along a single
fracture system. Field observations by the authors however
do not support the interpretation of a single fracture system.
No major fault or thrust could be recognized that might in
any way be related to the mineralized fractures and shears.
The apparent linear distribution of the occurrences is
therefore considered to be coincidental. The mineralized
fractures and shears, except for those in the younger gabbroic
intrusions, may have existed since the major deformation of
Nonacho sedimentary rocks approximately 1700 Ma ago.
Younger faults which displace the folded sedimentary rocks,
and associated minor {fractures, are characterized by
abundant quartz veins and stockworks. Quartz is scarce or
absent in the uranium-bearing veins.

A model invoking remobilization of uranium from
Nonacho sedimentary rocks is favoured here for the genesis
of the veins in these rocks. As mentioned earlier, some of
the sedimentary rocks are enriched in uranium, which may
have been introduced during sedimentation or soon after, but
prior to the major deformation. It is thus reasonable to
postulate that some uranium in the sedimentary rocks was
available for remobilization and concentration during the
deformation. This migration and deposition would tend to
occur along the source beds, as appears to have been the case
at the Dussault and Welch prospects. The stratigraphic
control of mineralization here is crude but recognizable in
the surface exposures, according to the mapping done by the
writers. Outlines of the mineralized zones based on the
drillhole data (Makela, 1970) show that they are subparallel to
the host beds. A further study of the drill logs by the writers
revealed that some of the holes intersected the boundary
between units 5 and 6, and this led to the structural
interpretation presented in Figure 12.4, in which the
stratigraphic control of mineralization is much more evident.

Makela (1970) postulated that uranium s primarily
syngenetic sedimentary in origin, and invoked metamorphism
and intrusion of younger granite as causes for remobilization
of uranium. The sedimentary rocks, however, show little
metamorphic effects, and there is no field evidence for
younger granite. It is therefore suggested here that
deformation of these rocks alone may have sufficed to
mobilize connate waters and uranium. The maximum
concentration of uranium has occurred along the hinge zone
of northward-plunging minor folds at the Dussault and Welch
Prospects. Uranium probably migrated up the plunge of the
folds from a more tightly folded zone at depth to the north
and northeast of the prospects. At the Cole Prospect, the
structure is simpler but there is some variation in the
attitude of foliation in the matrix of the host granite pebble
conglomerate.

There is a possibility that uranium in veins may have
come from older concentrations along the unconformity at
the base of the Nonacho Group or in the basement, at the
time of the deformation of rocks of this group. No positive
evidence for unconformity-related uranium concentration in
the Nonacho basin has yet been reported. The possibility,
however, does exist in view of the favourable geological
setting of the basin. The basement may have contained some
uranium concentrations that predated the Nonacho sediments.
It is, however, difficult to see how uranium could have been
mobilized from them, since the basement responded
differently to the deformation than Nonacho sedimentary
rocks, mainly by faulting and shearing instead of folding.

In case of the veins associated with the gabbroic
intrusions, an attractive genetic hypothesis is one in which it
is postulated that the intrusions have served as a source of
heat, set up convective currents in the groundwater in the
country rock, and that the heated water leached uranium
from the country rock and deposited it in the veins. Makela
(1970) pointed out the similarity in geology of the Maclnnis
Lake area to the Paukkajanvaara area in Finland where
several uranium occurrences are found at the margins of
diabase dykes that cut a conglomerate-arkose-sandstone
sequence of early Proterozoic age, and one of them produced
52 000 metric tonnes of ore in 1960 and 1961 (Piirainen, 1968;
Frietsch et al., 1979). The sequence also contains small, low
grade occurrences in the sedimentary rocks (Piirainen, ibid.),
which resemble to some extent the Moffat Showing. The
gabbro intrusions at the Island and Bragon showings may have
caused convection cells in the groundwater that could have
encompassed Nonacho sedimentary rocks above the present
erosion surface, and could have formed the vein type
mineralization seen at the showings.

A supergene model for the veins in amphibolite at the
Pyramid Showing was proposed by Hegge and Trigg (1967). It
is supported by the erratic nature and lack of depth extension
of mineralization. This type of deposition can be expected in
any uranium district where surface waters are at least locally
enriched in uranium. Presence of reducing agents such as
iron and copper sulphides, chlorite etc., along the fractures
would facilitate deposition of uranium. This model may work
for Kult Showing but when it is applied to other occurrences
of the area, it does not adequately explain their greater
vertical extent, is not in agreement with the determined
timing of mineralization, and cannot be readily reconciled
with the known stratigraphic and structural relations.

Conclusions

Sediments of the Aphebian Nonacho Group in the
Maclnnis Lake area were enriched in uranium at the time of
deposition or at a later date prior to major deformation that
took place at the close of the Aphebian era. Synsedimentary
deposition is represented by detrital uranothorite, monazite
and zircon with abundant magnetite and some cassiterite,
native gold and niobium- and tantalum-bearing minerals in
paleoplacers. A possible source area of these minerals is the
Yellowknife-Blachford Lake region situated 150 to 250 km
northwest of Maclnnis Lake. Uranium was also precipitated
in the matrix of the Nonacho sediments as disseminations,
and is locally preserved in this form. Elsewhere uranium may
have been mobilized during deformation to form vein type
occurrences hosted by the sedimentary rocks. The new Pb-Pb
and Pb-U isotopic age determinations, together with the
published K-Ar ages and paleomagnetic studies, suggest that
deposition of sediments of the Nonacho Group occurred
between 2000 and 1800 Ma ago and that they were deformed
approximately 1700 Ma ago. Uranium in veins at margins of
younger gabbro intrusions was probably deposited from the
groundwater in convection currents set up by heat of the
intrusions, and was derived partly or wholly from the
sedimentary rocks. Uranium has also been mobilized by
surface oxidation at the present and/or past erosion surfaces,
and deposited locally under reducing conditions.

Guides for Further Exploration

Uranium, gold and tin in detrital concentrations in the
arkose-quartz  pebble conglomerate unit are widely
distributed, and search for larger concentrations of this type
may prove rewarding. Vein type uranium occurrences,
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particularly those hosted by Nonacho sedimentary rocks, and
where some stratigraphic control is apparent, merit further
exploration. Of particular interest is the stratigraphic zone
at the base of the siltstone-argillite-sandstone unit. Hinge
zones of minor folds and small fractures in tightly folded
sediments are favourable structural sites for exploration.
The unconformity at the base of the Nonacho Group merits
examination for possible uranium concentrations. Highly
chloritic zones, either in the basement rocks, Nonacho
sedimentary rocks, or the gabbroic intrusions are potentially
favourable locales for uranium concentrations.
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13. THE GOLD CONTENT OF INTERFLOW METASEDIMENTARY ROCKS FROM THE
RED LAKE AREA, ONTARIO - A PRELIMINARY EVALUATION

E.M.R. Research Agreement No. 177-4-79
P. Cowan! and J.H. Crocket!

Cowan, P. and Crocket, J.H., The gold content of interflow metasedimentary rocks from the Red
Lake area, Ontario — A preliminary evaluation; in Current Research, Part B, Geological Survey of
Canada, Paper 80-1B, p. 129-133, 1980.

Abstract

The gold content of ultramafic to mafic metavolcanic rocks and siliceous and ferruginous
interflow metasedimentary rocks from the Red Lake area, northwestern Ontario was determined by
radiochemical neutron activation analysis.

The interflow metasedimentary rocks consist mainly of chert and iron formation, the latter
including oxide, silicate and sulphide varieties. The ultramafic to mafic metavolcanic rocks are
pyroxenitic to basaltic komatiites and tholeiitic basalts. A statistical comparison of the gold content
of the volcanic and sedimentary suites indicates a similarity in average gold content and dispersion of
gold values. Gold contents range from approximately 0.1 to 380 ppb with arithmetic and geometric
means of approximately 28 and 5.7 ppb respectively. The background gold value for the region is
3.5 ppb. There are some significant differences among the various rock types making up each group.
The oxide iron formation is richer in gold compared to other interflow sediments. The volcanic rocks
are relatively consistent in gold content, although tholeiitic basalts, particularly iron-rich tholeiites
are rich in gold relative to the other volcanic rock types.

Introduction of Pirie and Grant (1978a, b), Pirie and Sawitzky (1977) and
Ferguson (1966), is shown in Figure 13.2. The predominant
rock types are ultramafic to mafic and intermediate meta-
volcanics, and felsic stocks and batholiths. Minor lithologies
present in the ultramafic and mafic metavolcanic portion of
the pile are siliceous and commonly ferruginous meta-
sedimentary rocks, termed here interflow sediments. The
regional grade of metamorphism is greenschist facies,
although grades up to lower amphibolite facies can be found
near intrusive bodies. The objective of this study is to
characterize the interflow sedimentary rocks and mafic to
ultramafic metavolcanic rocks with respect to their gold

| Vil contente
} Study Ares E\\

Red Lake is an economically important gold mining
camp in the Uchi greenstone belt of Northwestern Ontario
(Fig. 13.1). Two producers, the Campbell Red Lake and
Dickenson (including the Robin Red Lake), are currently
active and the area hosts several significant past producers
(Fig. 13.2). The geology of Dome and Balmer townships,
which host the most important gold deposits, and of Bateman
and McDonough townships, according to the detailed mapping

I ﬁed
: Lake
!
| 210 2miles

Scale

LEG END

Granitic bathotiths
m Intrusives

m Clastic metasediments

MANITOBA

Balmer
Lake 3
Intermediate metavoicanics

Malic metavolcanmics

ZiF l|ron tormation

A Mine location
*Rocks dividedaccording
to lithology only

0 1 2 3
. S
| Scate [(miles)

Figure 13.2.  Generalized geology of Balmer, Bateman,
Dome and McDonough townships (after Ferguson, 1966; Pirie
Figure 13.1. Location map of the Red Lake area. and Sawitzky, 1977; Pirie and Grant, 1978a, b).

! Department of Geology, McMaster University, Hamilton, L8S &Ml 129



The interflow sediments are of interest for two reasons,
In the first place, highly siliceous and commonly laminated
rocks occur at the Dickenson Mine (J.M. Franklin, personal
communication), one of the two producing gold mines in the
area. Secondly, these rocks were presumably deposited
during breaks in active volcanism and thus possibly constitute
a record of both volcanic exhalation and leaching of the
volcanic pile. There is little basis as yet for speculation on
the possible role of interflow sediments in gold metallogeny,
and this study attempts to characterize the gold content of
these sediments and their associated volcanics.

Interflow Metasedimentary Rocks

The sampling locations for the interflow metasedi-
mentary rocks and mafic to ultramafic metavolcanic rocks
are shown in Figure 13.3. The interflow sediments usually
occur as thin discontinuous beds between volcanic flows, but
can constitute thick, extensive, mappable units conformable
with the volcanic rocks (see maps by Pirie and Grant,

1978a, b). The two main types of interflow sedimentary
rocks are chert and iron formation with subordinate
greywacke. Iron formation is represented by oxide, silicate,

sulphide and mixed oxide-silicate facies. In addition to these
predominantly chemical sediments a few ferruginous inter-
flow sediments appear to consist of both chemical and clastic
components. The principal textural, mineralogical and
chemical properties of interflow sediments are summarized
in Table 13.1.

Chert

The cherts are massive rocks exhibiting conchoidal
fracture. For classification purposes chert contains more
than 80 per cent SiO,, an iron content of up to 15 per cent
and very low contents of other components including Al,QOs.
The principal mineral is quartz with minor magnetite and
accessory chlorite and calcite. Recrystallization during
metamorphism has produced a fine grained mosaic of
polygonal quartz grains commonly with interstitial iron
staining.

Iron Formation

The iron formations have been classified according to
James (1954) and are considered simply sedimentary rocks
that contain more than 15 per cent total iron. They are
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further subdivided, according to the major mineralogical host
of the iron into the various types listed in Table 13.1. There
is no implication, however, that these types of iron formation
here represent different facies controlled by shoreline
proximity as argued by James (1954) for iron formation of
Superior type. In fact, our sampling is from a provenance
dominated by volcanic rocks. We regard the iron formation
to be of Algoman type (Gross, 1965).

(a) Oxide iron formation: The most common iron
formation is oxide iron formation which consists of inter-
banded magnetite-rich and quartz-rich layers. Acicular
amphiboles are associated with the magnetite-rich layers,
and in most samples iron and silica together constitute 90 per
cent or more of the rock.

{(b) Sulphide iron formation: Sulphide iron formation
consists of interbanded sulphide-rich and quartz-rich layers.
The main sulphides present are pyrite, chalcopyrite and
pyrrhotite which usually occur as coarse grained, occasionally
euhedral crystals. Fine grained arsenopyrite was observed in
one sample.

(c) Silicate iron formation: A few silicate iron
formations consisting of silicate-rich and quartz-rich bands
were found. The main mineral constituents of the silicate
bands are fine grained amphiboles, occasionally present as
acicular radiating crystals. Chlorite commonly replaces the
amphibole. Iron and silica are the principal chemical
constituents of these rocks, as in oxide iron formations, but
the proportion of alumina and magnesium is higher.

(d) Mixed silicate-oxide iron formation: In several
specimens fine intermixing of light coloured silicate-rich and
dark coloured oxide-rich bands occur.

(e) Mixed clastic and chemical interflow sediments:
This group of rocks consists of interflow sediments that have
both a chemical and a clastic component. They are finely
banded and quartz-rich, with amphiboles and magnetite
forming dark bands.

Metavolcanics

Ultramafic and mafic metavolcanic rocks dominate the
volcanic suite, although a few andesites and felsic volcanic
units are also present. The ultramafic rocks are pyroxenitic
komatiites that in some cases contain spinifex texture.
Komatiitic and tholeiitic basalts represent the main group of
volcanic samples. Petrographic nomenclature follows the
classifications of Jensen (1976) and Arndt et al. (1977). The
Jensen system of nomenclature is shown on a FeO + Fe,03 +
TiO, - Al,O3 - MgO plot (Fig. 13.4). This diagram breaks the
rocks into groups according to the mafic chemical
components.  Figure 13.5 illustrates the grouping of the
samples collected from the Red Lake area. In general the
chemical compositions of the different volcanic rock types
correspond very closely to representative compositions
presented by Jensen (1976) and Arndt et al. (1977). One
distinctive difference, however, is that some of the Red Lake
basalts are characterized by a marked depletion (<1%) in
Na,O. This is also found in all metavolcanic rocks from the
Dickenson mine.

Gold Content

The gold contents of the major rock types are
summarized in Table 13.2. A range of 0.1 to 380 ppb gold is
found for the entire volcanic-interflow sediment suite. In
general, the gold distribution in a given rock group is
characterized by a large range of values with a significant
skewness toward high values. Consequently the arithmetic

Table 13.1
Principal features of interflow sediments

Rock Type Chemistry Mineralogy Distinguishing Features
Chert SiO» > 80% quartz 80-100% generally very fine grained

Fe,O3 < 15% iron staining between polygonal boundaries of

Al, O3 < 2% quartz crystals quartz

MgO < 2% Accessory calcite conchoidal fracture

chlorite and magnetite grey, massive

Oxide Iron Fe, 03 15-40% magnetite 20-50% banded magnetite-quartz
formation SiO;, 50-60% quartz 50-75% rock

Al, O3 0-8% amphibole/chlorite bands up to 4 cm thick

MgO 0-2% 10-40% fine grained

TiO, 0-.7% breaks readily along bands
Sulphide S 2.5% pyrite, pyrrhotite 5-50% coarse grained sulphides
Iron SiO; 65-70% quartz 40-75% fine grained quartz
formation Fe,0;3 15-25% grunerite 10-30% friable when weathered

Al,O;  1-5% sulphide usually massive

and no banding present

Silicate Si0» 40-65% amphibole/chlorite fine grained
Iron Fe,03 20-45% 40-60% grey-green/light grey -
formation Al, O3  0-9% quartz 5-35% banded

MgO 0-5% magnetite 0-30% often acicular amphibole

TiO, 0.1-0.6% crystals
Mixed-Oxide variable composite of oxide bands of oxide and silicate
Silicate and silicate iron iron formation intermixed
[ron formations bands vary from | mm to
formation 10 mm thickness

bands not always discrete
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Table 13.2

Gold contents of rock types from the Red Lake area

Geometric
Arithmetic (Logarithmic)
No. of Range Mean Mean Median Pio Pgo
Rock Type Samples ppb ppb ppb ppb ppb
Dickenson Mine, Levels 22 and 30
Mainly interflow 22 3.1 - 15 000 1040 33 lé6 4, 6970
metasedimentary rocks
Metavolcanic and Interflow Metasedimentary Rocks
(McDonough, Bateman, Dome and Balmer Townships)
Volcanics
Pyroxene komatiites 5 0.1 - 1.3 5.3 2.5 4.6 - -
Basaltic komatiites 7 0.5 - 15 4.1 2.1 1.7 0. 4.8
High Mg tholeiites 3 6.2 - 279 98 26 6.2 - -
High Fe tholeiites 8 4.3 - 380 61 15 21/4.8 4. 4y
Andesites 4 1.3 - 6.7 4.2 3.4 - - -
Amphibolite i 7.0 - - - - -
All volcanic rocks 28 0.1 - 380 31 5.6 .8 0. b
Interflow Sedimentary Rocks
Chert 8 0.4 - 10 3.1 2.0 2.3 0. 3.8
[ron formation
-sulphide 3 5.0 - 14 10 9.2 10 - -
-oxide 19 0.7 - 363 78 22 55 0. 197
-silicate 5 1.3 - 6.0 8.8 13 10 - -
-mixed oxide 6 0.8 - 6.0 3.4 2.7 3.2 0. 6.0
silicate iron
formation
Chemical-detrital interflow 9 0.8 - 43 8.3 4,1 3.7 0. 7.9
sedimentary rock
All interflow sedimentary 50 0.4 - 363 26 6.1 4.3 0. 83
rocks
FeO+ Fe,044T10,

FeO+ Fezoa‘Ti 02

o
&
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Figure 13.4. Jensen Cation Plot. Figure 13.5.
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mean is strongly influenced by a small proportion of the total
samples, and other measures of central tendency including
the geometric (logarithmic) mean and median are also listed
in Table 13.2 to further indicate the nature of the gold
distribution.

If the entire suite of interflow metasedimentary rocks
and metavolcanic rocks is considered, there is considerable
similarity of gold content between these two groups of rocks.
Of the statistical parameters noted in Table 13.2, only the
gold content representing the 90th percentile is significantly
different, and it is much lower for the volcanic rocks. If the
specific rock types belonging to either the sedimentary or
volcanic group are compared, then significant differences in
gold content become apparent. In particular, oxide iron
formation is more auriferous than any other type of interflow
sediment included in the study. As indicated in Table 13.2,
the high average value for gold in the oxide iron formation,
78 ppb, is not due to a few samples that are anomalously rich
in gold. The sulphide iron formation, which averages 10 ppb
gold (arithmetic), is unexpectedly poorer in gold than oxide
iron formation. However, there are only three samples in the
sulphide iron -formation suite, and this difference may not be
statistically significant. The lack of sulphide iron formation
samples reflects their paucity in the study area.

The volcanic suite, as previously noted, includes
pyroxenitic komatiites, basaltic komatiites, high magnesium
tholeiites, high iron tholeiites, and andesites. The tholeiites
are apparently higher in gold than other types of volcanic
rocks but little significance can be attached to the statistics
for the magnesium tholeiites as the group includes only three
samples. The iron-rich tholeiites, however, are significantly
higher in gold than other volcanic rocks. All the statistical
parameters for this class of basalt demonstrate their high
gold content. Half the suite of eight samples contain more
than 20 ppb of gold, a concentration well above the 3.5 ppb
background estimated for the Red Lake basic-ultrabasic
volcanic rocks or the 2 ppb background for gold in the Kakagi
Lake volcanic pile suggested by the study of Kwong and
Crocket (1978).

The best criteria to use in estimating background gold
values are not obvious. However in view of the marked
similarity of the two main groups of samples, the interflow
sediments and volcanics, the gold content with the highest
frequency of occurrence was considered the best estimate of
background. This gives a background value of approximately
3.5 ppb, although this differs slightly for different rock types.

Conclusions

The volcanic and interflow sedimentary rocks are
remarkably similar in average gold content and in the distri-
bution of gold values within each of these classes of rocks.
Because of the intimate spatial relationship between the two,
it seems plausible that the interflow sedimentary rocks
inherit their gold from the volcanic pile. The mechanisms
involved are not obvious, but outgassing of volcanic fluids and
vapours during a hiatus in lava extrusion and/or leaching of
the pile by seawater could be viable mechanisms. The Na,O
depletion in some of the volcanic rocks, while not correlating
directly with gold content, suggests leaching of the volcanic
pile.

The significance attached to gold enrichment in oxide
iron formation depends very much on processes postulated for
deposition of the iron formation. We suggest that these rocks
are essentially chemical sediments, noting that the very low
alumina contents, usually less than 1.0 per cent Al;O0s,
require an extremely low input of clastic material. If iron
oxides form directly in the marine environment it seems
highly probable that gold is also derived directly from the
same source, possibly by being scavenged or coprecipitated
on an iron-bearing precipitate. It does appear that
ferruginous chemical sediments deposited during hjiatuses in
volcanism are, in a geochemical sense, concentrators of gold.
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METALLOGENY OF THE GOLD DEPOSITS IN THE DICKENSON MINE, RED LAKE,

The fragmental strata are characterized by high Mg, Ni and Cr

Gold-enriched quartz-carbonate veins do not have

In general, gold-enriched fragmental strata formed by syngenetic

Gold was further redistributed into gold-rich
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Abstract

The Dickenson mine, a gold producer in the Red Lake, Ontario, volcanic belt, consists of
veins and conformable gold-enriched zones in Archean volcanic and sedimentary rocks. Studies
of the 17, 25 and 30 levels in the mine reveal that most of the gold-bearing zones are in layered
fragmental rocks. These have been derived from a biomodal source, with basaltic komatiites and
high-iron tholeiite as dominant source rocks, and felsic volcanic and cherty sedimentary strata as
less dominant source rock.
contents, and high, but variable gold contents.
adjacent gold haloes.
deposition along with sulphides and arsenides,
quartz-carbonate veins during deformation and metamorphism.

Introduction

The Dickenson Mine, in west central Balmer Township,
is one of the two current gold producers in the Red Lake
camp. Much of the Dickenson ore occurs in well defined
quartz-carbonate veins which are both conformable and
disconformable to volcanic stratigraphy. During the summer
of 1978, samples were collected from three levels in the
Dickenson Mine in crosscuts that are roughly perpendicular to
the strike of the ore zone, and represent profiles traversing
the stratigraphy above and below the ore. Some additional
samples were provided by Dr. J.M. Franklin, of the Geological
Survey of Canada. These samples were analyzed for major
and minor elements (S, Ni, Rb, Sr, Y, Zr, Nb, Cr, Co, Pb, Zn,
Cu, and As) by X-ray fluorescence, for gold by radiochemical
neutron activation, and were examined in thin section and
polished section. The principal objectives of the project are:
a) to determine whether there is any systematic variation in
gold or other elements about the mineralized zone, and b) to
obtain a better understanding of the lithologies near the ore.

The implications of the preliminary data presented here are
considered briefly in terms of mechanisms for formation of
the gold ores.

Previous Work

A review of the literature (Ferguson, 1962, 1965, 1966,
1968; Pirie, 1977, 1978) indicates that gold deposits in the
Red Lake area occur in essentially five settings: a) generally
discordant sets of quartz-carbonate veins with associated
veinlets and stringers, in carbonatized mafic metavolcanic
rocks which locally are pillowed and in places variolitic
(Campbell Mine); b) quartz and quartz-carbonate veins and
stringers which are commonly conformable with and enclosed
by volcanic strata (Dickenson Mine); ¢) as narrow laminations
within primary interflow sulphide sedimentary rocks and
accompanying cherty material (Dickenson Mine); d) quartz
filled fractures related to basic to intermediate intrusions
(Mackenzie Mine, Howey Mine); e) massive to weakly banded
"tuffs” which locally are garnetiferous (Madsen Mine).
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Part of the most recent geological map that includes
the geology around Dickenson Mine (Pirie and Grant 1978), is
reproduced as Figure 14.] with deletion of the boundaries of
individual outcrop area. The Dickenson No. | shaft and mine
buildings sit on a unit of altered (silicified) pillowed mafic
metavolcanic rocks. A second shaft sunk from the 22nd level
is located approximately 900 m south-southwest of the No. 1
shaft. The contact between these pillowed flows and a thick
sequence of clastic and chemical metasediment rocks (units 4
and 5), is approximately 400 m east of both shafts and
provides a convenient datum. Bedding within the
metasedimentary strata generally trends northwest with a
steep southwesterly dip. Just south of the No. 2 shaft is a
500 m thick unit of felsic to intermediate, locally reworked,
quartz and feldspar porphyritic pyroclastic rocks with minor
felsic flows.

Results
Metal Profiles

Before discussing the lithologies and chemical trends on
individual levels, some broad generalizations are presented.
Profiles of gold, arsenic and sulphur about the ore zone on
Levels 30 and 17 are shown in Figures 14.2, 14.3, and 4.4,
All three elements are strongly correlated in a spatial sense,
particularly for the 30 Level suite. Samples high in gold are
also high in arsenic and sulphur. Spatial correlations on the
L7 Level are not as strong, although both gold and sulphur are
high in the same samples. There is no suggestion of a
systematic gradient of values away from the ore zones. The
17 Level profile north of the ore zone (Fig. 14.4) shows
significantly higher gold within 3.5 m of the ore than farther
away, but the main feature of the profiles is irregular high
gold values in a single or a few adjacent samples. '

Lithologies

Samples from the 17 Level were obtained approximately
900 m south of the No. ! shaft. Those from the 25 and 30
Levels were obtained from 400 to 500 m east to southeast of
the No. 2 shaft. Thus, sampling is from the vicinity of the
contact between the mafic metavolcanic flows and a major
unit of chemical and clastic metasediment rocks. Textural
observations of polished slabs and thin sections, together with
chemical analyses, indicate that most samples are fragmental
(Fig. t4.5 and 14.6). Rocks illustrated in Figures l4.5a, 14.6a,
14.6b and l4.6c consist of ovoid masses of fine grained
polygonized quartz in a matrix of volcanic material. The
fragmental character is particularly obvious in Figure l4.6a.
The lack of any cataclastic texture argues against shearing of
quartz vein material or a silicified flow as an origin for these
rocks. Textural and compositional characteristics (discussed
below) indicate that these rocks are derived from the erosion
of a volcanic pile with minor input of pyroclastic material.
Recent observations by J. Pirie (personal communication),
indicate that some of these rocks may represent
hyaloclastites and pillowed flows. Further field work will be
necessary to delineate these units.

Specimens shown in Figures 14.5b and 14.5¢ are fine
grained, laminated to thinly bedded rocks with occasional
ovoid masses of quartz. They represent distinct units that
commonly contain garnets which are largely confined to
specific bands.

Chemistry

The compositional features of note in these rocks are
the large variations in bulk composition, particularly Si, Mg,
Al, Fe, and Ti over distances of 0.5 to | m, low alkali
contents and high Ni and Cr (Fig. 14.7). Na,O and K,O
are commonly less than 0.5 and 1.0 weight per cent and Ni
and Cr, in addition to being highly variable in some samples,

exceed 1000 to 2000 ppm respectively. These Ni and Cr
contents suggest that a significant ultramafic to mafic
volcanic component is present. As a guide to provenance
the samples were plotted on the cation diagram of
Jensen (1976), which places approximately 33 per cent of
the suite in the basaltic to ultramafic komatiite field
(Fig. 14.8). These samples also show a komatiitic character
in a TiO; vs MgO plot (Fig. 14.9, Arndt et al., 1977). These
features indicate that a significant component of the source
area that was weathered to give these detrital rocks
contained mafic to ultramafic rocks of a komatiitic kindred.

Tables 14.1 and 14.2 illustrate the range and averages in
major and trace element values for some of the major
lithologies recognized on Levels 30, 25 and 17.

30 Level

Rocks on this level can be subdivided into three distinct
types.

Most samples exhibit a fragmental character
(Fig. 14.53) and lie in the magnesian tholeiite to basaltic
komatiite field in Figure 14.8. As seen in thin section,
individual ovoids of polygonized quartz with minor feldspar
are enclosed in a matrix of anhedral quartz, amphibole,
micaceous minerals, carbonates and finely disseminated
opaques. These ovoids, which are commonly rimmed by
opaque minerals, vary in size up to 1 cm and occur in various
proportions throughout the strata. It is also common to find
stratigraphic units with 1 to 5 mm angular to subangular
quartz grains which have either been polygonized or fractured
and are set in an aphanitic matrix. In thin section the
dominant mafic mineral is a colorful fibrous actinolite.
Minor slightly discordant carbonate * quartz veins were also
observed. SiO; in these rocks averages 56.5 weight per cent
with a range of 45 to 60 weight per cent (Table 14.1). We
suggest that these rocks are mainly proximal volcaniclastites
composed largely of basaltic material; however, it is also
possible that they represent chemically and tectonically
altered pillowed flows.

Intercalated with these fragmental rocks are fine
grained, laminated, metasedimentary rocks (Figure 14.5b)
that contain actinolite, biotite, chlorite, garnet and quartz as
essential minerals. Rare ovoids of recrystallized quartz are
present. Garnets have incorporated numerous minute grains
of opaque minerals. The opaque minerals include pyrite and
pyrrhotite, and minor chalcopyrite, arsenopyrite and
magnetite.  The average composition together with the
compositional range of these rocks is presented in Table 14.1.
The metamorphic grade implied by the mineral assemblage is
probably lower amphibolite facies. A more specific
statement cannot be made as the garnet composition is
unknown. If they are spessartine-rich, then upper greenschist
facies is implied (Winkler, 1976). This is still higher than the
regional grade which is lower greenschist (J. Pirie, personal
communication). The most significant compositional aspect
of these sediments {s that they contain very high gold values,
up to 21 ppm.

Two finely laminated cherty horizons with nearly 80
weight per cent SiO; and 15 to 20 weight per cent Al,O3 also
occur on this mine level. High chromium (621 to 1412 ppm)
and TiO, (1.07 to 1.27 wt. %) values indicate a significant
detrital input in these rocks.

Two crosscuts were sampled on the 30 Level. Data
from the south crosscut are incomplete; profiles from the
north crosscut (Fig. 14.2a, b, ¢) show an extremely good
spatial correlation between Au, As and S. There is no
correlation between Au and any other major ore trace
element, nor is there any systematic variation in the
concentration of Au, As and S with distance from the ore
zone. This may indicate a stratabound control for these
metals, as their values are highest in the sediments on this

level.
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Figure 14.5a

Quartz-rich fragmental rock
(sample 30-47, length 9 cm).

Figure 14.5b

Finely laminated garnetiferous
sedimentary rock. Garnets are
light coloured, coarse grained,
subrounded. Sample 30-38,
length 5.5 cm.

Figure 14.5¢

Finely laminated garnetiferous
sedimentary rock. Garnets are
black clots. Note polygonized
quartz ovoids. Sample 30-38,
magnification is 4X, crossed nicols.
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Figure 14.6a.  Photomicrograph of a fragmental rock. Note two possible bedding contacts.
Sample 17-19, magnificationis 4X, crossed nicols.

Figure 14.6b.  Quartzofeldspathic fragmental rock. Sample 17-24, length 6.5 cm.
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Figure 14.6c.
Sample 17-24, magnification is 4X, crossed nicols.

Table 14.1

Variations in major and trace elements for main lithologic units on

Levels 30 and 25

Photomicrograph of quartzofeldspathic fragmental rock. Black interstitial material is sulphide.

l 2 3 4
In Weight Per cent
Si0; 45.28-59.70  (56.62) | 49.35-69.68  (58.85) | 76.11-79.39 | 57.63-72.55 (64.14)
Al203 9.64-13.84  (11.94) 6.64-14.66  (L1.47) | 15.58-19.26 | 10.84-13.15 (12.17)
Fe,03 7.57-12.77  (10.32) 8.89-17.21  (12.00) 1.96- 4.10 | 11.06-22.78  (17.54)
MgO 7.56- 9.58 (8.64) 4.04- 9.11 (7.27) 0.85- 1.10 1.95- 7.22 (4.45)
Ca0 8.21-16.67  (12.90) 3.70-12.47 (8.85) 0.62- 0.97 0.43- 1.11 (0.69)
Na,O <0.20 <0.20 <0.20 <0.20
K20 0.21- 2.70 (1.01) 0.08- 2.28 (0.95) 0.18- 0.22 0.94- 1.80 (1.40)
TiO: 0.76- 1.04 (0.86) 0.43- 1.06 0.81) 1.07- 1.27 1.07- 1.29 (1.19)
MnO 0.12- 0.34 (0.24) 0.16- 0.35 (0.25) 0.04- 0.27 0.25- 0.67 (0.44)
P20s 0.01- 0.05 (0.02) | N.D.- 0.20 (0.01) 0.02- 0.03 0.02- 0.04 (1.03)
CO. 1.42-11.82 (5.93) 0.67- 8.56 (3.55) 0.38- 0.78 0.36- 2.40 (1.17)
In ppm
S 568-1984 (1271) 825-15 293  (3922) 404-819 962-13 516  (6525)
As 52-414 (133) 30-17 894  (2080) 96-245 295-3610 (1960)
Ni 72-200 (97) 50-272 (123) 57-82 98-345 (185)
Rb 2-67 (19) <20- 60 (21) 9 9-34 (21)
Sr 89-169 (129) 67-142 (97) 37-49 41-101 (64)
Zr 7-97 (29) 49-74 (65) 71-86 56-104 (70)
Cr 225-717 (384) 129-763 (510) 6211412 298-585 (433)
Co 20-44 (33) 11-62 (44) 15 39-109 (77)
Pb 10-15 (12) 0-15 (9) 0 <15
Cu 89-135 (117) 36-148 (114) 112-170 133-241 (153)
Zn 50-257 (83) 44-1296 (160) 27-35 73-642 (265)
In ppb

Au 11.6 -881 (luy) 8.5 -21 030 (1500) | 15.0 -19.0 5.1 -8170 (1a11)
1. Range in chemical composition of 17 fragmental rocks, 30 Level.
2. Range in chemical composition of 16 sedimentary rocks, 30 Level.
3. Range in chemical composition of 2 cherty horizons, 30 Level.
4. Range in chemcial composition of 10 sedimentary rocks, 25 Level.
Values in parentheses are average compositions.
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Table 14.2

Variations in major and trace elements
for main lithologic units on Level 17

1 2 3
In Weight Per cent

SiO, [52.83-76.42  (66.09)[32.66-62.73 (42.71)]77.45
Al, O3] 8.23-15.79  (11.70)| 2.69- 7.38  (4.46)|14.05
Fe O3] 9.93-25.98  (16.09)| 5.93-21.71 (16.01)| 7.41
MgO | 3.51-11.50  (5.54)( 8.22-26.12 (17.09)| 1.00
CaO | 0.29- 2.90  (0.74)| 3.74-26.96 (12.73)| 0
Na,O | <0.20 <0.20 0
K,0 | 0.00- 1.67  (0.55)| 0.13- 1.23  (0.42)| ©
0.17- 0.58  (0.32)| 0.96

0

N

1

fragmental rocks.

volcaniclastic rocks.
3. Chemical composition of sample from East Drift ore zone.

Values in parentheses are average compositions.

TiOz | 0.27- 1.02 (0.75)
MnO | 0.21- 0.64 (0.33)] 0.28- 1.13 (0.61) .09
P,0Os [N.D.- 0.03 (0.02) N.D. .D.
COq 0.77-11.39 (3.07)| 8.45-27.30 (19.74) .62
In ppm
S 8.62-45 600 (10 887)| 247-2078 (662)| 8161
As 78-2627 (760) 268-889 (497)] 6110
Ni 133-2858 (770) 900-2100 (1590) 854
Rb <35 N.D.-54 (15)| N.D.
Sr 16-119 (42) 47-78 (54) 30
Zr 13-69 (52) 28-48 (37) 70
Cr 264-681 (463) | 3300-6300 (4636) 585
Co 47-471 (162) 45-151 (102) 38
Pb <20 <15 N.D.
Cu 34-250 (130) 21-80 (38) 103
Zn 16-1157 (270) 48-254 (135) 4y
In ppb
Au 5.6 -2140 (204)|10.0 -43.0 (19.1 )| 4525
1. Range in chemical composition of 17 {fine grained

2. Range in chemical composition of 6 basaltic komatiitic

25 Level

Several samples were obtained from an ore zone (East
South C) on this level which is distinctive in that the gold is
not localized in quartz-carbonate veins or stringers. The
samples are mainly fine grained laminated garnet-bearing
rocks with bands of disseminated sulphide. Much of the
sulphide is very fine grained pyrite, pyrrhotite and
chalcopyrite. Magnetite is also present. These rocks, many
of which are highly auriferous, are considered by us to be
sedimentary.

The chemical composition of this group, whose
mineralogy is similar to that just noted for the fine grained
sedimentary rocks on the 30 Level, is presented in Table 14.1.
It suggests that if these rocks are mainly detrital, the source
region contained both felsic and mafic rocks. The average
SiO, content, 64 weight per cent, suggests the occurrence of
felsic metavolcanic or cherty metasedimentary rocks in the
source region. Other compositional properties, particularly
the FeO, TiO2 and average chromium contents suggest that
mafic volcanic rocks may also have contributed to these
sediments. In particular, the iron and titanium contents are
typical of iron-rich tholeiites. Thus, a bimodal source is
suggested. A source region dominated by silicified iron
tholeiite is unlikely, because such alteration would result in
loss of iron, titanium, magnesium and manganese
(Gibson, 1979).

The gold contents of these sediments are relatively high
in that six samples contain more than 100 ppb gold and three
of these contain I to 8 ppm gold. The auriferous rocks are
high in arsenic (900 to 3600 ppm) and sulphur (2000 to
13 500 ppm), and are higher in total iron (up to 23 wt. %),
mar;(ganese, nickel, cobalt, copper, and zinc than gold-poor
rocks.

A second lithology sampled on the 25 Level is
approximately 2 m thick and consists of four discrete,
mutually conformable units, which in mine terminology are
known as "chicken feed". The term was first used by
Chisholm (1951) to denote a felsic fragmental rock which he
classified as a rhyolite tuff, and which graded into an
agglomeratic unit. This tuff was observed underground at the
New Dickenson Mine where it provided an excellent marker
horizon, separating mafic volcanics from Timiskaming-type
sedimentary strata. The term has since been used to denote
altered and carbonatized felsic to intermediate metavolcanic
rocks (reported in Pirie, 1977).

Three of the "chicken feed" units lie in the komatiitic
field in Figures 14<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>