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ABSTRACT

Four previously undescribed measured sections are documented through lower and middle
Cambrian (Series 2 and Miaolingian) strata of the eastern Mackenzie Mountains, Northwest
Territories. These include three exposures of the Mount Clark Formation that are complete or nearly
so, and a complete section through the overlying Mount Cap Formation. As in previous reports,
Mount Clark Formation is dominated by quartz arenite, with variable bioturbation. Mount Cap
Formation is heterolithic, dominated by dark-weathering shale and paler-coloured carbonate rocks. A
section through the Neoproterozoic McClure Formation (Katherine Group) also is included, and
contains abundant fine-grained siliciclastic strata with lesser sandstone and a distinctive orange-
weathering carbonate. Correlations between these sections and one previously documented show
the influence of late Neoproterozoic folding, reflected in erosional truncation of the McClure
Formation beneath the Cambrian succession, as well as stratigraphic variations in the Cambrian units
that reflect the influence of the Mackenzie Arch.



INTRODUCTION

This report documents four new stratigraphic sections through the Cambrian Mount Clark and Mount
Cap formations in the eastern Mackenzie Mountains (Figure 1). One sectionincludes an erosionally
truncated succession of the McClure Formation (Katherine Group; Neoproterozoic), which underlies
the Mount Clark Formation. The sections were measuredin support of bedrock mappingactivities
during the first phase of the Geological Survey of Canada’s Geo-mappingfor Energy and Minerals
(GEM) program (Fallas et al., 2013; Fallas and MacNaughton, 2014a,b,c).

The sandstone-dominated Mount Clark Formationis a hydrocarbon reservoirin the Colville Hills
(Hamblin, 1990; Dixon and Stasiuk, 1998; Janicki, 2004; Price and Enachescu, 2009) and may be a
potential exploration target beneath Mackenzie Plain (MacLean, 2011) and elsewhere (Pyle and Gal,
2009; Hannigan et al.,2011). Mount Cap Formation is a known source rock (Dixon and Stasiuk, 1998;
Pyle and Gal, 2011) and a potential tight gas play (Hannigan et al., 2011). Clearerunderstanding of
the distribution and packaging of these unitsin the eastern Mackenzie Mountains may reduce
explorationriskin the adjacent Mackenzie Plain exploration region and elsewhere, and will
contribute to improved models for the Cambrian evolution of the northern Interior Plains (e.g.,
Maclean, 2011; Sommers et al., 2020).

The presentreport includes summaries of the Neoproterozicand Cambrian stratigraphy of the
eastern Mackenzie Mountains, and of recent developmentsin understandingthese strata. The main
body of the report isa summary of the four measured sections; detailed section notes are provided
as well. Although the report is primarily descriptive, comments also are offered on stratigraphic
relationships across the sub-Cambrian unconformity in the eastern Mackenzie Mountains.
Throughout the report, usage of the terms “Cambrian Epoch/Series2” and “Miaolingian” reflects the
latestinternational timescale forthe Cambrian (Peng etal., 2012; Zhao et al., 2012). Respectively,
these terms are effectively equivalent to the trilobite-bearing portion of the Early Cambrian and to
the Middle Cambrian of traditional usage. When the phrases “early Cambrian” and “middle
Cambrian” are used, theyimplythe traditional series, with the lower-case lettering of “early” and
“middle” reflecting that these are no longer formal terms.

GEOLOGIC CONTEXT

Neoproterozoicand Cambrian lithostratigraphy of the eastern Mackenzie Mountains (Figure 2) was
revised significantly duringthe GEM program (Turner, 2011; Long and Turner, 2012; Turner and Long,
2012; MacNaughton et al., 2013; MacNaughton and Fallas, 2014). That work builton earlier
reconnaissance-scale studies by the Geological Survey of Canada (Aitkenetal., 1973, 1978; Aitken
and Cook, 1974; Aitken, 1981; Norford and Macqueen, 1975).

In the eastern Mackenzie Mountains, Cambrian strata lie unconformably upon the Neoproterozoic
Mackenzie Mountains Supergroup (Aitkenetal., 1973; Aitkenand Cook, 1974; Long et al., 2008). In
ascendingorder, the Mackenzie Mountains Supergroup includes the Tabasco Formation (formerly
the H1 map unit; see Turner and Long, 2012), the Tsezotene Formation, the Katherine Group, and the
Little Dal Group. The Katherine Group consists of seven formation-scale units, which were originally
designated informally as map units numbered from K1 to K7 (Aitkenetal., 1978; Long et al., 2008).
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Figure 1: Location map, eastern Mackenzie Mountains and Mackenzie Plain, modified after MacNaughton et
al. (2013). Line of the cross-section shown in Figure 11 is labelled. New sections presented herein are

MWB12s04, MWB12s05, MWB12s06, and MWB12s08. MWB11s01 appearedin Hamel and MacNaughton

(2013); MQ-6 and U-13 appeared in Aitken et al. (1973). Inthis part of the Mackenzie Mountains, Stony and
Foran anticlines effectively delineate the eastern limit of the Mackenzie Arch.



More recently, Long and Turner (2012) formalized this under the following names (ascendingorder):
Eduni Formation (K1: sandstone dominated); Tawu Formation (K2: shale dominated); Grafe River
Formation (K3: sandstone dominated); Etagochile Formation (K4: shale dominated); Shattered Range
Formation (K5: sandstone dominated); McClure Formation (K6: shale dominated, with a stromatolitic
dolostone marker); and Abraham Plains Formation (K7: sandstone dominated). Long-standing
informal, formation-rank subdivisions of the Little Dal Group (Aitken, 1981) also have beengiven
formal names (Turner and Long, 2012). Only two of these formations are exposedinthe region
covered by thisreport. The basal unit of the Little Dal Group is the Dodo Creek Formation (formerly
“Mudcracked formation”; Aitken, 1981), consisting of shale interbedded with sandstone and
dolomudstone. Above this lies the Stone Knife Formation (formerly “Basinal assemblage”; Aitken,
1981), consistingof variably calcareous and concretionary shale, and a variety of carbonate
lithofacies that commonly are stromatolitic.

In the eastern Mackenzie Mountains, relationships around the sub-Cambrian unconformity (Figure 2)
reflectthree tectonic events. These are: (1) Neoproterozoicregional-scale folding that postdated
deposition of the Mackenzie Mountains Supergroup (Fallaset al., 2017); (2) subsequentdevelopment
of the Mackenzie Arch, a paleohigh that saw intermittent ?Neoproterozoicand early Paleozoicuplift
(Aitkenetal., 1973; MacNaughton et al., 2016); and (3) early to middle Cambrian (rift-related?)
extension (Maclean, 2011; Sommers et al., 2020). The folding, and possibly the early uplift of the
Mackenzie Arch, led to regional bevelingand erosional removal of more than 1000 m of strata
(Aitkenetal., 1973) during the Cryogenianand Ediacaran. However, outcrop expression of the
resultingangular unconformity generallyis subtle due to the broad (up to 100 km) wavelengths of
the earlierfolds (Fallas et al., 2017).

Due to the influence of the Mackenzie Arch, Cambrian strata inthe eastern Mackenzie Mountains
preserve facies belts (MacNaughton et al, 2013; MacNaughton and Fallas, 2014) that are reflectedin
recent revisions to the lithostratigraphy of this interval (Figure 2). Cambrian formations can be
divided into two unconformity-bounded sequences. The oldersequence (Figure 3) consists of the
Mount Clark Formation, dominated by quartz arenite (Serié et al., 2009, 2012; Fallas and
MacNaughton, 2012), and the overlying Mount Cap Formation, which is dominated by dark-
weathering, siliciclastic mud rocks, with variable volumes of carbonate and lessersandstone (Aitken
etal.,1973). Generally, Mount Cap Formation includes a heterolithiclowerinterval (shale, carbonate,
lessersandstone) and a shale-dominated upperinterval. Inthe eastern Mackenzie Mountains, the
Mount Clark Formation is bestdeveloped alongthe eastern flank of Mackenzie Arch. In the
MacDougal anticline (easternmost Mackenzie Mountains; Figure 1), the Mount Clark Formation
passes laterally into a heterolithicsuccession of sandstone, mudstone, and carbonate. These strata
have beentreated lithostratigraphically as a basal interval of the Mount Cap Formation
(MacNaughton et al., 2013), although a well-developed, quartz arenite-dominated Mount Clark
Formation is presentregionally furthereast inthe subsurface of the Interior Plains (Dixon and
Stasiuk, 1998). Several reports have documented fossil constraints on the ages of these units (e.g.,
Aitkenetal., 1973; Serié et al, 2009; MacNaughton etal., 2013; Sommerset al., 2020). The Mount
Clark Formation and the laterally equivalent, sand-rich basal Mount Cap Formation are generally
early Cambrian (Epoch 2), mainly of Bonnia-Olenellus Zone age or older. Locally, uppermost strata of
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Figure 2: Proterozoic-Cambrian lithostratigraphy of the eastern Mackenzie Mountains. Figure modified after
Hamel and MacNaughton (2013) and MacNaughton and Fallas (2014). See text for discussion and sources.
Columns are keyed to locations on Figure 1; note that “Mackenzie Arch” refersto stratigraphy along western
flanks of Stony and Foran anticlines (Figure 1).



Figure 3: Oblique aerial view of Cambrian units exposed around measured sections 12MWBs04 and
12MWaBs05 (dotted yellow lines); for geographic coordinates, see section notes for these sections. Mount Cap
Formation at this site is roughly 35 m thick. Contact between Mount Clark Formation and underlying Stone
Knife Formation is not exposed but probably is just below base of cliff exposures. Image is a montage of two
photographs by R.B. MacNaughton. NRCAN photo 2020-911.



these units may be earliest Miaolingian (early middle Cambrian), belongingto the Plagiura-Poliella or
Albertella zones. The youngest trilobites recovered from the Mount Cap Formation also are
Miaolingian (middle Cambrian), belongingtothe Glossopleura Zone.

Mount Cap Formation is separated from overlying strata by a subtle angular unconformity (Aitken et
al., 1973; Dixon and Stasiuk, 1998) that definesthe base of the second sequence. Siliciclasticstrata
dominate the lower part of the second sequence. In the easternmost Mackenzie Mountains and
further to the east, they are assigned to the Saline River Formation, which consists of siliciclastic
mudrock and evaporites, with some carbonate beds (Aitkenetal., 1973). To the west, however,
along the eastern flank of the Mackenzie Arch, the Saline River Formation passes laterally into the
Nainlin Formation, a succession of red-weatheringsiliciclasticstrata (“red beds”), locally containing
abundant sandstone and lesser conglomerate (MacNaughton and Fallas, 2014). Locally, Mount Clark
Formation preserved adjacentto the Mackenzie Arch is overlain directly by the Nainlin Formation,
withoutintervening Mount Cap Formation. Since no shoreline facies have been mappedin the
Mount Cap Formation sensu stricto, this relationship suggests that Mount Cap Formation is absent
due to post-depositional erosion, probably due to uplift of the Mackenzie Arch (e.g., Aitkenetal.,
1973). The Nainlinand Saline Riverformations are probably of mid-to late Miaolingian (mid- to late
middle Cambrian) age (Aitkenetal., 1973; MacNaughton and Fallas, 2014), and are overlain
conformably and gradationally by the thick, dolostone-dominated Franklin Mountain Formation, of
Furongian (late Cambrian) to Early Ordovician age (Norford and Macqueen, 1975; Turner, 2011).

PREVIOUS CAMBRIAN STRATIGRAPHIC STUDIES, EASTERN MACKENZIE MOUNTAINS

Aitkenetal. (1973) providedthe firstdetailed account of the Proterozoic and early to middle
Cambrian stratigraphy of the eastern Mackenzie Mountains. They supported theirwork with several
measured sections that remain important reference points for comparison and regional synthesis.
These authors considered the older of the two Cambrian sequences to consist only of the Mount Cap
Formation, which was considered to locally have a sandy basal interval. Serié etal. (2009; see also
revised edition, 2012) suggested that Mount Clark Formation might also be presentin the eastern
Mackenzie Mountains, and documented several new, reconnaissance-scale measured sections
through the Mount Clark and Mount Cap formations. Pyle and Gal (2011) provided additional
descriptive details and petroleum-systems datafor several previously published sectionsinthe
region. Additional early and middle Cambrian measured sections from the northern Mackenzie
Mountains were presented by Pyle and Jones (2009).

The presence of Mount Clark Formation inthe eastern Mackenzie Mountains was confirmed during
the Geo-mappingfor Energy and Minerals Program (Fallasand MacNaughton, 2012; MacNaughton et
al., 2013). In additionto measured sections presented herein, Hamel and MacNaughton (2013)
documentedan additional section through the Mount Clark Formation, including thin-section
petrographic descriptions. Also, MacNaughton and Fallas (2014) presented several measured
sections through the Nainlin Formationin a paper formalizingthat unit. The most recent bedrock
geology maps for the eastern Mackenzie Mountains reflectthese innovations (Fallasetal., 2013;
Fallasand MacNaughton, 2014a,b,c).

Recently, several student thesis projects have been completed dealing with the Mount Clark and
Mount Cap formations invarious areas (Herbers et al., 2016; Herbers, 2017; Bouchard and Turner,
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2017a,b; Sommers, 2018; Bouchard, 2019; Sommers et al., 2020), all of which can be consulted for
sedimentological details andinterpretations. Additionally, an M.Sc. study at the University of
Saskatchewan (N. Handkamer, work in progress) isfocused on early and middle Cambrian trilobites
from these units inthe eastern Mackenzie Mountains.

MEASURED SECTIONS

Locations of measured sections studied during 2012 are shown in Figure 1. Coordinatesare provided
with the descriptive notes, using NAD83 as map datum. Sections encompass all or part of five
Neoproterozoicand Cambrian units (ascendingorder): Shattered Range Formation, McClure
Formation, Mount Clark Formation, Mount Cap Formation, and Saline River Formation.

Measured section 122MWBs04 (Figure 4) included the full thickness of the Mount Cap Formation, and
part of the underlying Mount Clark and overlying Saline River formations. Measured section
12MWBsO05 (Figure 5) was studied close by, and included the entire exposed thickness of the Mount
Clark Formation. Although the base of the Formation is not exposed, the sub-Cambrian unconformity
cannot be very far below the lowest outcrop. Combined, the two sections are a valuable stratigraphic
control point (Figure 3).

Section 12MWBs06 (Figure 6) lies4 km northwest of section U-13 of Aitkenetal. (1973, p. 108;
“Headwaters of Little Bear River”). A much-studied reference section (e.g., Serié etal., 2012;
Butterfield and Nicholas, 1996; Fallasand MacNaughton, 2012; Handkamer, 2020), U-13 exposes
both Mount Clark and Mount Cap formations but is complicated by faulting (Fallas and
MacNaughton, 2014b). Section 122MWBs06 providesan undisturbed record of the Mount Clark
Formation and basal beds of the overlying Mount Cap Formation.

Section 12MWBs08 (Figure 7) documentsthe Mount Clark Formation adjacent to the eastern flank of
the Mackenzie Arch. Here, the Mount Cap Formationis absent due to erosion beneath the Nainlin
Formation. An excellentexposure of the underlying McClure Formation was documented as well, as
were the uppermost beds of the Shattered Range Formation.

MEASURED SECTION DESCRIPTIONS

All sections were measured usinga jacob’s staff. Coordinatesin these notes use NAD83 as map
datum and were determined usinga hand-held GPS unit. Beddingthickness terms follow Ingram
(1954). Biostratigraphicdeterminations for 12MWBs04, 12MWBs05, and 12MWBs06 were provided
by N. Handkamer (personal communication, 2021).



Section 12MWABs04 (Figure 4): Section measured near two small lakesin northern NTS 96-D/NW
(Fallasand MacNaughton, 2014a). Section extendsfrom uppermostbeds of Mount Clark Formation,
through Mount Cap Formation, to base of Saline River Formation. Base of sectionat: 64.97637° N,
127.6077° W; top of section at 64.97636 N°, 127.6066° W. Measured on July 25, 2012, assisted by
Christine Deblonde.

. Height
Unit Description Thickness Above

(m) Base (m)

14 Covered. Base covered, placed at lowest sandstone talus. not
Abundant talus of very fine to fine-grained sandstone, measured
maroon, red, or tan on fresh and weathered surfaces. Also
maroon to tan shale. Salt casts, polygonal mud cracks,
straight-crested symmetrical ripples with wavelengths of
approximately 4 cm. Southeastward along the ridge, at
approximately the same stratigraphic level as the base of
this interval is a small outcrop of pale-weathering sandstone
with salt casts.

Base of Saline River Formation at base of unit 14 or within
unit 13.

13 Covered. Vegetated interval at top of steep hillside. 4.5 47.1

12 Shale, sandstone, dolostone. Base covered. Poorly exposed 3.7 42.6
at top of steep hillside. Floatis mainly of dark grey shale to
siltstone that weathers as chips. In spot outcrops and float
are very thin beds of: orange-weathering, very fine-grained
sandstone; tan-weathering, dark grey, veryfinely crystalline
limestone; andtan (fresh and weathered surfaces), very
finely crystalline dolostone.

11 Shale and limestone. Base gradational. Semi-resistant. 11.1 38.9
Interbedded shale, dark grey, very thinlyfissile, and
limestone, dark grey to black, weatheringtan to creamy
orange, very finely crystalline. Limestone beds 2-20 cm
thick, silty, locally sandy, at least partly parallel laminated.
Upsection within unit, shaleis joined by grey weathering,
more blocky siltstone, as well as more beds of dolomitic
very fine-grained sandstone, dark grey, weatheringtan to
orange, as very thin to thin bedsin packages up to 30 cm
thick. Relict bedforms (dunes?), parallel lamination, current
ripples, as well as load casts and/or scours. Horizontal
burrows. Resistant beds are more common and thicker
upsection within thisinterval. Units 10 and 11 together
make up an upward-shoaling package.
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10

Mudstone, sandstone, carbonate. Base sharp. Unit 5.0
recessive and mainly covered. Spot outcrops and float
suggest dark grey mudstone and tan to brownish grey very
fine-grained silty sandstone orsiltstone; also grey to tan-
weatheringlimestone and dolostone. At 1.2 m above base
of unitis a bed of grey, silty, nodular, burrowed limestone
(lime mudstone?) that contains trilobites (trilobites
collected as 12MWBs04-24.0 m). Trilobite-bearinginterval is
approximately 30 cm thick. In upper part of unit, sandy beds
disappearand main rock types are dark grey, silty shale and
very thin-bedded, very finely crystalline limestone to
dolostone (dark grey on fresh surfaces, weathers orange).

GSC loc. C-553199 (field no. 12MWBs04-24.0); 24.0 m:
Glossopleura boccar (Walcott, 1916b)
Polypleuraspis solitaria Poulsen, 1927
Age: Glossopleura Zone (Miaolingian)

Dolostone and shale. Base gradational. Semi-resistant. 1.3
Makes an upward-shoaling package with Unit 8. Dolostone,

very finely crystalline, contains quartzsiltto veryfine quartz

sand, locally to very fine-grained dolomitic quartz

sandstone. Glauconite abundant at some levels. Ripple
cross-lamination presentin sandier beds. Beds 1-10 cm

thick. Up to 30 percentdark grey mudstone or silty shale.

Mudstone. Base sharp. Silty mudstone, dark grey on fresh 1.3
and weathered surfaces, micaceous; weathers as chips.

Dolostone and mudstone. Base sharp but makesan 1.4
upward-shoaling package with Unit 6. Resistant. Dolostone,

very finely crystalline, containing quartz silt to sand,

glauconitic; grey on fresh surfaces, weathers orange. Beds

1-30 cm thick. Three major packets of carbonate,

interbedded with lessergrey mudstone. Phosphatic

brachiopods are common.

10
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Shale and sandstone. Base covered. Recessive. Lower half
of unitcovered; floatis dark grey shale or mudstone,
possibly with grey-weathering, very fine-grained sandstone.
Upper half of unitis equal parts very fine-grained quartz
sandstone to quartz wacke, locally dolomitic, locally
glauconitic, very thin-bedded to very thickly laminated, and
mudstone to silty mudstone. Sandstone is grey to dark grey
on fresh surfaces, weathers grey to brownish grey;
mudstone is dark grey to grey on fresh surfaces, weathers
brownish grey. Indeterminate cross-lamination atsome
levels. Intense horizontal bioturbation at many levels, and
large horizontal burrows in float. Contains phosphatic
brachiopods and rare trilobite debris.

Dolomitic sandstone. Base sharp. Semi-resistant. Veryfine-
grained, dolomiticquartz sandstone, mediumto dark grey
on fresh surfaces, weathers orange to orange-grey; some
bedsto sandy dolostone. Intensely bioturbated, mainly by
horizontal burrows. Rubbly weathering due to some dark
grey shale interlaminations.

Sandy dolostone. Base sharp. Resistant. Dolostone, very
finely crystalline, containingabundant very fine quartz sand
and quartz silt; medium grey on fresh surfaces, weathers
orange. Beds 3-30 cm thick, many with crinkled microbial
lamination or small stromatolites. Some bedding planes
enhanced by stylolites.

Sandstone and mudstone. Base sharp. Semi-resistant.
Dominated by very fine-grained quartz wacke, dolomiticand
glauconitic; grey to dark grey on fresh surfaces, weathers
orange. Beds 3-10 cm thick. Dark grey mudstone partings
make up 10-20 percent of the unit. Interval displaysa
cleavage that probablyis due to a nearby fault.

Base of Mount Cap Formation.

Sandstone. Base sharp. Resistant with friable zones. Very
fine-grained quartzarenite to quartz wacke, but with a great
deal of dark grey silt/mud reworked biogenically into the
beds. Intense bioturbation, both by indeterminate
horizontal burrows but also as a pipe-rock of small (1-3 mm
diameter) Skolithos. Rare Rusophycus. Bedsare 5-50 cm
thick, mainly 10-30 cm thick, but bedding may be largely
biogenicdue to burrowers homogenizing the original beds.
Float yielded one specimen of a possible trilobite genal
spine (collected as 12MWBs04-02A).

11
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Sandstone. Base covered. Resistant. Medium-grained quartz 1.8
arenite, mediumgrey on fresh surface, weatheringdeep

reddish brown to rusty, with a rusty-brown weatheringrind

up to 1 cm deep. Rock is hard, apparently massive (lacks

visible sedimentary structures), and may be medium to thick

bedded.

Base of section is at base of exposureon hillside, in
uppermost part of Mount Clark Formation.

12
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Figure 4: Graphic log, measured section 12MWBs04. This is a complete section through the Mount Cap
Formation. For location, see Figure 1. Abbreviations: “MT. CLARKFM.” = Mount Clark Formation; “S.R. FM.” =
Saline River Formation.
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Section 12MWABsO05 (Figure 5): Section measured near two small lakesin northern NTS 96-D/NW
(Fallasand MacNaughton, 2014a). Section was measured to include as much as possible of Mount
Clark Formation, where it makes accessible cliffs with pinnacles above the lakeshore. Base of section:
64.97443° N, 127.6039° W. Top of section:64.97542° N, 127.5969° W. Section isa stratigraphic
downward extension of 12MWBs04, which was measured a short distance to the west. Measured on
July 26, 2012, assisted by Christine Deblonde.

Unit

Description

Thickness

(m)

Height
Above
Base (m)

19

18

17

16

Top of last spot outcrop is top of measured section.

Dolostone. Mostly covered. Spot outcrops of orange-
weathering dolostone and sandy dolostone, veryfinely
crystalline; rare grey limestone.

Base of Mount Cap Formation

Dolomitic sandstone. Mostly covered. Spot outcrops of
orange-weathering, fine-grained dolomitic quartz sandstone;
thin bedded; horizontal burrows.

Sandstone. Base sharp, possibly erosional. Semi-resistant.
Fine-grained quartz sandstone, pale orange-brown on fresh
surfaces, weathers brown; sand grains well rounded; some
dark brown mudstone intraclasts. Beds 3-20 cm thick, with
parallel lamination and indeterminate ripple cross-
lamination. Horizontal burrows are presenton slabs infloat
but beddingis well preserved. Top of unit isvery dolomitic
and locally has an orange weatheringtone.

Sandstone. Base sharp. Resistant. Fine-grained quartz
sandstone; fresh surfaces white or tan, with dark flecks;
weathered surfaces white to pale orange-brown. Beds mainly
20 cm thick. Trough cross-bedding, indeterminate ripple
cross-lamination. Bed tops bioturbated (but not the entire
bed); vertical burrows (Skolithos) and horizontal burrows
(Palaeophycus and/or Planolites) are common. Capped by a
thin (lessthan 10 cm) intraclast conglomerate.
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Sandstone. Base gradational. Fine-grained quartz sandstone, 2.1
as for unit Unit 14 but lacks thinner-bedded material. Beds
are very homogenized and original bedding may be
obliterated. Biogenically produced "beds" are 30-40 cm thick
but relict bedding, where visible, commonlyisonly 5-10 cm
thick. Vertical burrows are much more common in some beds
(nearly "pipe rock") but horizonal burrows also are abundant.
(Where relict beddingis present, it has some vertical
burrows. Perhaps vertical burrows came first, then were
reworked by the prevalenthorizontal burrows?) Unit is
resistantand makesa bench, the upper surface of which
exposes many vertical burrow intersections.

Sandstone. Base sharp. Resistant. Forms a prominentbench. 1.5
Fine-grained quartzarenite. Grain well rounded; fresh
surfaces are white, pale grey or pale tan; weathers grey to
rusty orange; lichen cover obscures many surfaces. Beds 3-20
cm thick, intensely reworked by horizontal burrows. Top
interval looks like a single bed but may be several beds,
totally homogenized. Rare current ripple cross-lamination.
Vertical burrows presentin some beds but horizontal
bioturbation dominates. Unit 14 consistently has a thinner-
bedded lowerhalf and thicker-bedded upper half; the upper
half has more incommon with the overlyingbedsin Unit 15.

Units 9-13 make up an upward coarsening package

Sandstone. Base sharp. Resistant, forming a prominent 3.8
bench. Quartz arenite, mainly fine-grained, lesser medium-
grained. Grains very well rounded. Fresh surface is white with
dark flecks; weatherstan to light brown with heavy lichen
cover. Maroon staining at base of unit, orange stainingat
top. Very blocky. Trough cross-beddingis abundant and
where sets can be seenthrough the lichen they are 10-50 cm
thick, possibly upto 70 cm. Sets wedge out as in "festoon"
bedding. Some bedding planes show trough outlines (or
possibly scours?) but nothing from which paleoflow can be
measured. Current ripples cap some beds. Possibly some
parallel lamination or parallel bedding.

Line of section crossed contact between units 12 and 13 at:
64.974427° N, 127.601221°W.
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11

10

Dolomitic sandstone. Poorly exposed, exceptin cliffs. Mainly
rubble. Spot outcrops of fine-grained, dolomiticquartz
sandstone. Earthy tan on fresh surfaces, weathers orange.
Verythin-bedded. Possible indeterminate cross-lamination.

Followed top of Unit 11 to east along top cliff to find base of
Unit 12

Sandstone. Base sharp. Resistant. Fine-grained, siliceous
guartz sandstone, grey on fresh and weathered surfaces.
Beds 2-12 cm thick. Low angle cross-bedding, low-angle
ripples, trough cross-bedding. Some horizontal burrows.

Sandstone, minor siltstone. Base covered. Mainly very fine-
grained quartz arenite to quartz wacke; some bedssiliceous,
others calcareous. Fresh surfaces pale tan, weatherstan to
light brown. At base of unit, beds are 1-3 cm thick and tend
to be more calcareous, whereas at top of unit beds are 2-5
cm thick and generally more siliceous. Light brown siltstone
accounts for 20-30 percent of lower part of unitbut less than
10 percentof upper part; unitis therefore an upward
coarsening package. Ripple cross-lamination, horizontal
burrows, robust Cruziana.

Sandstone and mudstone. Covered. Float suggests very thin-
bedded, very fine-grained sandstone, tan to brown on fresh
and weathered surfaces, interbedded with brown to dark
grey weathering mudstone and shale.

Units 5-8 are an upward-coarsening and -thickening package

Sandstone. Base sharp, possibly erosional. Resistant. Fine-
grained quartz arenite, lightgreyish tan on fresh surfaces,
weathers medium brownish grey, some rusty spots. Contains
up to 10 percent by volume of a rusted-looking mineral
phase. Very low-angle cross-stratification to parallel
lamination; setsare 30-50 cm thick and the rock breaks into
flags 2-4 cm thick. Parting lineation locally preserved. Layers
of mud-clast conglomerate. One thin mudstone layer with
overlyingsand bed loadedinto it. Rare trilobite thoracic
debris.
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Sandstone. Base gradational. Semi-resistantto resistant. 2.5
Lithologies are as for Unit 6 but generally there is less

siltstone and many of the sandstone beds are 10-20 cm thick.

At base of unitare beds with well-developed low-angle cross-
lamination to cross-beds (possibly hummocky cross-

stratification); some such beds have parting lineation when

splitalong laminae. Much horizontal burrowing; some beds

are highly bioturbated but less so than in Unit 6. Topmost 50

cm issiltierthan the rest of the unit. Trilobitesand

phosphatic(?) brachiopods foundin locally derived float.

GSC loc. C-553201 (field no. 12MWBs05-07);

From float, likely from 19.9-22.4 m, possibly 19.9-33.6 m:
Olenellus terminatus (Palmerand Halley, 1979)

Age: Bonnia-Olenellus Zone (Cambrian Epoch 2)

Correlated top of Unit 6 to southeast along hillside to base of
resistant strata. Section measuring resumed at: 64.974446°
N, 127.602984° W.

Sandstone and siltstone. Base covered. Semi-resistant. Three 2.8
lithofacies present. (1) Quartz arenite, very fine to fine-
grained, locally slightly silty; pale grey on fresh surfaces,
weatherslightbrown. Makes up approximately 45 percent of
the unit. Two subfacies of quartz arenite: (a) beds 1-3 cm
thick, possible ripple cross-lamination and parallel
lamination, horizontal burrows common; (b) beds 3-10 cm
thick, low-angle cross-lamination orhummocky cross-
stratification, few burrows. (2) Quartz wacke to quartz
arenite, very fine-grained; tan on fresh surfaces, weathers
light brown; horizontal burrows presentbut no obvious
primary sedimentary structures. Makes up approximately 45
percent of the unit. (3) Siltstone, light brownish grey to light
brown on fresh and weathered surfaces; present mainly as
interlaminations between sandstone beds. Makes up 10-20
percent of the unit.

Sandstone and siltstone. Covered but there is clearly a sharp 1.5
break between thisand Unit 4. Float suggests very thin-

bedded, very fine-grained quartz arenite to quartz wacke,

brown on fresh and weathered surfaces, interbedded with

brown siltstone.
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Sandstone. Base covered. Resistant. Fine-grained quartz 0.9
arenite, grey on fresh surfaces, weatherslight grey. Rare dark

grey mudstone flecks, as intraclasts or introduced

biogenically. Thin bedded, possible trough cross-

stratification. Vertical burrows. Unit capped by 20 cm of fine

to medium-grained quartz arenite, rusty weathering, with

horizontal bioturbation and relicttrough cross-stratification.

At top of this upperintervalisa single set(5-10 cm thick) of
small-scale trough cross-stratification, preservingrelict low-

relief, 3D bedforms on top surface, with no sign of burrows.

Covered. Tree interval; section not safely accessible inthe 1.5
waterfall gully, but clearly consists of resistant quartz
sandstone with beddingup to at least medium thickness.

Sandstone. Base sharp, possibly erosional. Resistant. Quartz 4.2
arenite, fine to coarse-grained, mainly medium-grained.

Fresh surfaces mostly grey, some are tan to light tan with

dark grey mud chips; weathers tan with rusty weathering

zones. Beds are 1-2 cm thick. Less well indurated than Unit 1

but shows no sign of silty matrix or carbonate cement. Beds

variably preserve parallel laminationand ripple cross-

lamination; some may be massive. No obvious bioturbation.

Sandstone. Base covered. Resistant. Heavy lichen cover on 9.0
many surfaces. Fine to medium grained quartz arenite, with
very well-rounded grains and silica cement throughout;
white, pale cream, or pale tan on fresh surfaces, weathers
tan to lightgrey. Beds 5-30 cm thick. Trough cross-
stratification and possible low-angle cross-bedding. Beds high
in unit preserve recognizable current ripple cross-lamination.
Beds may be packaged in setsthat each are roughly 1.5 m
thick. Degree of bioturbation highly variable, absentfrom
some beds, but ranging to beds that are completely
bioturbated by indeterminate horizontal burrows, including
sporadic 3-10 cm thick layers where beddingis completely
obliterated by bioturbation that has biogenically mixed dark
grey siltstone intovery fine to fine-grained quartz sandstone.
Some beds preserve spaced vertical burrows and have
indeterminate ripplesattheirtops; vertical burrows can
variously resemble Rosselia or thinly lined Skolithos linearis.

Base of section at lowest exposure of Mount Clark Formation
quartz arenite, below a small waterfall in the trees.
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Figure 5: Graphic log, measured section 12MWBs05. Although the base of the Mount Clark Formation is not
exposed, this section is thought to include nearly its entire thickness. For location, see Figure 1. Abbreviation:
“MT. CAP FM.” = Mount Cap Formation.
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Section 12MWBs06 (Figure 6): Measured section through basal Cambrian sandstone (Mount Clark
Formation). Section measuredin southwest corner of NTS 96-D/NE (Fallaset al., 2013),
approximately 4 km northwest of a section measured along Little Bear River by J.L. Usher during
Operation Norman (hissection U-13; Aitkenetal., 1973). Base of section at: 64.50447° N, 126.8534°
W. Top of section at: 64.50584° N, 126.8507° W. Measured on July 27, 2012, assisted by Christine
Deblonde.

. Height
Unit Description Thickness Above

(m) Base (m)

Section ends at top of talus of dark-weathering shale, where
plant cover takes over.

6 Shale, minor limestone. Base sharp. Recessive, mostlylocal 7.5 24.5
talus. Shale, dark grey on fresh and weathered surfaces,
thinly fissile, weathering as chips. Minor very thin beds of
tan-weathering, very fine-grained quartz sandstone in float.
At 3.4 m above base of unit, there is a 20-30 cm thick
package of trilobite-bearing, thin-bedded, concretionary
limestone, microcrystalline tovery finely crystalline, possibly
silty, dark grey on fresh surfaces, weathers grey.

GSCloc. C-553204 (field no. 12MWBs06 — 20.4 m); 20.4 m:
Olenellus terminatus (Palmerand Halley, 1979)
Age: Bonnia-Olenellus Zone (Cambrian Epoch 2)

Base of Mount Cap Formation

5 Sandstone and mudstone. Base sharp. Semi-resistant. Very 3.9 17.0
fine to fine-grained quartz arenite to quartz wacke; most silt
and mud appears to have beenintroduced by bioturbation.
Grains very well rounded. Intensely bioturbated by
horizontal burrows; relict indeterminate ripple cross-
lamination. Also presentis silty mudstone, gray on fresh and
weathered surfaces. Beds mostly 1-10 cm thick, rarely 10-20
cm. Unit consists of three packages of roughly equal
thickness. Basal package contains 80 percent sandstone that
is at least locally calcareous, is brown on fresh surfaces and
weathers orange, and is interbedded with up to 20 percent
mudstone. Medial package is 60 percent sandstone that is
grey on fresh and weathered surfaces, interbedded with 40
percent mudstone. Upper package consists of 80 percent
sandstone, grey on fresh surfaces, weatheringgrey or
brownish grey, interbedded with 20 percent mudstone.
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Not
measured

Sandstone. Base sharp. Resistant. Significantlichen cover. 2.0
Fine-grained quartz arenite, pale tan and pale grey on fresh

surfaces, weathers pale grey. Beds 2-10 cm thick. Horizontal

and vertical burrows are common but current ripple cross-
lamination also iswell preserved.

Sandstone, siltstone, mudstone. Base sharp. Semi-resistant. 4.0
Veryfine to fine-grained quartz wacke, lightto medium

brown on fresh surfaces, weathers light brown to orange,

possibly with dolomiticcementin orange beds. Beds very

thin, interlaminated with grey siltstone and mudstone, which

also has been biogenically worked into the sandstone beds.
Horizontal burrows of a range of sizes are present.

Sandstone. Base not exposed. Resistant. Fine-grained quartz 4.1
arenite, lighttan or lightgrey on fresh surfaces, weathers

grey with heavy lichen cover. Beds thin to thick, some may

be very thick. Trough cross-stratification, ripple cross-

lamination, horizontal burrows; vertical burrows (Skolithos

linearis) are rare, exceptin lowestthick bed exposedin

stream cut, which has a "piperock" fabric with burrows 1 cm

in diameterand at least 25-30 cm long.

Sandstone, locally pebbly. Contact covered but obviously 3.0
sharp and possibly erosional. Unit not well exposed,

consisting of outcrop, subcrop, and cover. Fine-grained

guartz arenite, locally with quartzose granules and small

pebbles. Weatherstan, light grey (fresh colour not

recorded). Thin to medium bedded. Trough cross-

stratification. No burrows noted.

Base of Mount Clark Formation

Dolostone. Resistant. Dolostone, orange-weathering. Beds
10-30 cm thick, irregular, with stromatolites.

Section begins in uppermost beds of Stoneknife Formation
(Little Dal Group).
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Figure 6: Graphic log, measured section 12MWBs06. This is a complete section through the Mount Clark
Formation, close to the Little Bear River reference section (U-13) of Aitken et al. (1973). This unfaulted section
corresponds to the fault-affected basal part of section U-13. For location, see Figure 1. Abbreviations: “L.D.
GP.” = Little Dal Group; “MT. CAP FM.” = Mount Cap Formation.
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Section 122MWABsO08 (Figure 7): Measured section through the upper part of Katherine Group and
through the overlying Mount Clark Formation. Section measured in NTS 96-D/NW (Fallas and
MacNaughton, 2014a) at headwaters of a tributary to Stony Creek. Exposure is relatively continuous
along a boulder-strewn creek bed. Base of section isat: 64.84326° N, 127.7164° W. Top of sectionis
at: 64.84132° N, 127.7177° W. Measured on July 29, 2012, assisted by Christine Deblonde.

. Height
Unit Description Thickness Above

(m) Base (m)

Top of section is at top of exposure of Mount Clark Formation.
Above, there is no exposure and the creek cuts only a very
shallow gully across a gently sloping grassy plain. Given the
marked changein weathering profile, it is inferred that the top
of the section is at or near the top of the Mount Clark
Formation, but the thickness forthe Mount Clark Formation
should be considered a minimum value. In this region, the
Mount Clark Formation is overlain unconformably by the
Nainlin Formation (MacNaughton and Fallas, 2014a), which is
recessive in its lower interval.

17 Sandstone. Base sharp. Resistant. Very fine to fine-grained 6.3 110.3
guartz arenite, white on fresh surface, weathers pale grey.
Exceptionallysiliceous and hard. Beds 10-20 cm thick and very
regular. Beddingplanesintensely reworked by horizontal
burrows.

16 Sandstone. Base sharp. Fine-grained quartz sandstone, white 2.0 104.0
on fresh surfaces, weathers pale grey. Beds are 20-70 cm thick;
beddingis thinnerupsection within the unit. Trough cross-
stratification. Horizontal burrows presenton beddingplanes.

15 Sandstone. Base sharp. Fine-grained quartz arenite, can be 1.0 102.0
pale grey or fresh and weathered surfaces, or orange on fresh
surfaces, weathering orange-brown. Beds 10 cm thick, with
intense horizontal bioturbation.

14 Sandstone. Base sharp. Fine-grained quartz arenite, fresh 12.0 101.0
surfaces white, weathers white to medium grey. Beds 20-40
cm thick, with trough cross-stratification and planar
lamination. No burrows noted. In basal 1.5 m of unit, there are
vein-like zones of differential cementation, like those seenin
Unit 9.
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Sandstone. Base sharp. Resistant. Fine-grained quartz arenite. 5.1
White to very pale tan or pale grey on fresh surfaces, weathers

white or tan; some Liesegangbanding. Nearly all bedding

planesshow intense horizontal bioturbation. Some

suggestions of minorvertical burrowing. Beds that are 5-10 cm

thick are completely reworked by burrowing, or nearly so.

Beds that are 10-30 cm thick have bioturbated tops but

preserve trough cross-stratification.

Sandstone. Base sharp. Resistant. Fine-grained quartz arenite; 3.6
grains very well rounded; white, very pale tan or pale grey on

fresh surfaces, weathers white or very pale tan, with Liesegang
banding. Beds 10-50 c¢cm thick, mainly 20-30 cm thick. Trough
cross-stratification. Large horizontal burrows atop some beds.

Sandstone. Base gradational at first bed with well-defined 2.2
trace fossils, all horizontal. Otherwise, unitis as for Unit 10.

Sandstone. Base sharp. Fine-grained quartzarenite, white to 1.5
pale tan on fresh surfaces, weathers pale tan to creamy grey.
Beds 10-20 cm thick. Trough cross-stratification. No burrows.

Sandstone and conglomerate. Base irregularand erosional. 1.5
Resistant. Unit appears to be an interval of disturbed bedding

and possibly near in situ brecciation or differential

cementationin whichitis very difficult to make out internal

structure. At least locally appears to be a conglomerate of

pebblesto cobbles of quartz arenite in a matrix of fine-grained

quartz sandstone, but it may be that only the basal 0.5 m s

truly a conglomerate. Fresh surfaces are white, pale grey, or

pale tan; unit weathers pale grey. Beddingis veryirregular and
bedsappear massive internally.

Sandstone. Base not well exposed butclearly sharp and almost 6.5
certainly erosional. Resistant. Fine to medium-grained quartz

arenite. Basal 30 cm is dominately fine-grained, brown to light

orange brown on fresh surface, weathers brownish ochre;

contains trough cross-stratification. Balance of unitis pale pink

to pale grey on fresh surfaces, weathers pale pinkish grey to

pale tannish grey, with some liesegangstaining; beds 10-30 cm

thick, with trough cross-stratification, especiallyinthe lower

half; some parallel laminated beds. No burrows noted.

Base of Mount Clark Formation.
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Siltstone. Base covered at creek level, sharp on hillside. 9.8
Recessive. Siltstone to muddy siltstone, dark on fresh surface,
weathers brown to grey. Laminated but blocky weathering. Up

to 20 percent shale, dark grey on fresh and weathered

surfaces. Lessthan 10 percent very fine-grained quartz wacke

to quartz arenite, dolomitic, very thin-bedded. Unit weathers
greenish-blue andisfriable near contact with overlying Unit 8.

Sandstone, dolostone, mudstone. Base gradational. Semi- 2.9
resistant. Contains three lithofacies. (1) Very fine-grained
guartz wacke to sandy siltstone, dolomitic, compact; deep
brownish red on fresh and weathered surfaces; beds 1-10 cm
thick with parallel or low-angle lamination, short-wavelength
(5-6 cm) wave ripples, and indeterminate cross-lamination;
comprises up to 70 percent of unit. (2) Veryfinely crystalline
dolostone containingabundant quartz silt; beds 1-10 cm thick
with stromatolitic textures; comprises up to 20 percent of unit.
Weathers brownish-red (fresh colour not recorded). (3)
Mudstone, red to green (fresh and weathered surfaces),
presentas verythin interbeds; contains polygonal mud cracks.

Dolostone to dolomitic siltstone. Base gradational. Resistant. 2.7
Veryfinely crystalline dolostone with abundant quartz silt,

grading to dolomiticquartz siltstone; lightto mediumgrey on

fresh surfaces, weathers orange to orange-brown. Beds 1-40

c¢m thick, mainly 5-20 cm. Parallel or low-angle cross-

laminationin some beds; otherbeds have low-relief

stromatolitesand possible thrombolite fabrics.

Sandstone with carbonate lens, minor shale. Base 4.3
gradational. Semi-resistant toresistant. Upward continuation
of sandier-upward cycle from Unit 3. Fine-grained quartz
arenite; silicaand dolomite cements, dolomiticmore common
in upper part of unit; light brown on fresh surfaces, weathers
brown to orange brown with a few ochreous layers. Beds are
1-29 cm thick, mainly 3-10 cm, with sharp bases; gutter casts,
current and wave ripple cross-lamination, the latter locally
bundled. Approximately 10 percent of unitis shale, dark grey
on fresh and weathered surfaces, as very thin interbeds or
interlaminae. At halfway level of the unit, exposed onlyin
inaccessible cliff above the creek, isa carbonate lens, roughly
0.7-0.8 m thick, with significant upper-surface relief. Lens may
preserve faint stromatolitictextures, suggestinga carbonate
buildup. At creek level, same interval is shale and siltstone.

25

68.6

58.8

55.9

53.2



Siltstone and sandstone. Base sharp. Recessive. Lithologies as 7.4
described for Unit 2; an additional sandier-up cycle. At base,

80 percentshale, dark grey on fresh and weathered surfaces;

at top of unit, shale accounts for 20 percentof section. In

addition to structures noted for Unit 2, gutter casts are

common, including some isolated examples. Possible

hummocky cross-stratification or combined-flow ripples.

Siltstone and sandstone. Base sharp. Recessive; lower half of 37.0
unitisnot well exposed. Dominated by silty shale to siltstone,
dark greyon fresh and weathered surfaces, that weathers as
chips, or as platesinsiltierintervals. Up to 30 percent very fine
to fine-grained quartz arenite, which mainly s siliceous, and
brown on fresh and weathered surfaces, or lesscommonly
dolomitic, in which case it is orange-brown on fresh and
weathered surfaces. Sandstone is very thin to thin-bedded.
Beds have sharp bases and tops, and are massive to parallel-
laminatedto rippled (possible tempestites?). Unitis packaged
as two upward-sandier "parasequences” of roughly equal
thickness.

Base of McClure Formation

Sandstone. Base covered but sharp. Resistant. Fine to 4.5
medium-grained quartz arenite, grains very well rounded;

white on fresh surface, weathers pale grey to pale greyish-tan;
extensive Liesegangbanding obscuresinternal structure of

beds. Beds 30 cm to 1 m thick; indeterminate cross-

stratification, although the irregular character of beddingis

suggestive of trough cross-stratification.

Base of section is at base of topmost package of quartz arenite
in Shattered Range Formation. Below is fine-grained quartz
arenite, brown on fresh and weathered surfaces, very thin to
medium-bedded, with current ripples and trough cross-
stratification; interbedded with up to 20 percent fissile
mudstone, dark grey on fresh and weathered surfaces.
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Figure 7: Graphic log, measured section 12MWBs08. This is a complete section through the (erosionally
truncated) McClure Formation, and near-complete through the Mount Clark Formation. For location, see
Figure 1. Abbreviations: “SH. RG. FM” = Shattered Range Formation; “N. FM.” = Nainlin Formation.
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OBSERVATIONS ON INDIVIDUAL FORMATIONS

Shattered Range Formation

Shattered Range Formation corresponds to the K5 division of earlierworkers (Aitken etal., 1978;
Long and Turner, 2012). Measured Section 12MWBs08 (Figure 7) included the uppermost 4.5 m of
Shattered Range Formation. This consisted of medium to thick-bedded, cross-stratified, quartz
arenite, and was underlain by a succession of interbedded fine-grained quartz arenite with up to 20%
dark greyshale (notstudied). At itstype section (Long and Turner, 2012), and in a measured section
presented by Hamel and MacNaughton (2013), the Shattered Range Formation is more uniformly
sandstone-dominated than at 122MWBs08.

McClure Formation (Figure 8)

McClure Formation corresponds to the K6 unit of earlierworkers (Aitkenetal., 1978; Long and
Turner, 2012). Section 12MWBs08 (Figure 7) preserves 64.1 m of McClure Formation. This is
significantly less thanthicknessesreported elsewhere inthe easternmost Mackenzie Mountains (e.g.,
123 m at Dodo Canyon: Long and Turner, 2012; 180 min an unnamed canyon; Hamel and
MacNaughton, 2013), reflectingsignificant erosion of the upper part of the Formation.

In measured section 12MWBs08, the lower48.7 m of McClure Formation consists of three upward-
coarsening successions with mudrock-dominated bases and more sandstone-rich tops (Figure 8A).
Above the third upward-coarsening package is a heterolithic package (5.6 m thick) of orange-
weathering, stromatoliticdolostone, mudstone, and dolomiticsandstone (Figure 8A,C). The balance
of the formation (9.8 m) consists of siltstone, lessershale, and minorsandstone (Figure 8B). The
prevalence of mud rocks establishesthe similarity of these strata with the type sectionand other
exposures of McClure Formation (Long and Turner, 2012).

An earliermeasured section reported by Hamel and MacNaughton (2013; theirmeasured section
0901S) providesa pointof comparison. In that section, McClure Formation (called K6 in the report)
contained a basal succession of fine-grained siliciclastics overlain by dolostone; these strata were of
comparable thickness to the similarsiliciclastic-to-carbonate succession just described from
12MWBs08. However, Hamel and MacNaughton (2013) reported an additional, overlying succession
withinthe McClure Formation, consisting of more than 100 m of additional strata, includinga second
siliciclastic-to-dolostone package. Given that 12MWBs08 lies closer to the axis of Mackenzie Arch
than does 0901S, itis likely thatthe upper part of the McClure Formation was removed during latest
Proterozoic or earliest Cambrian upliftand erosion that removed the Abraham Plains Formation at
this locality (see below). Thisalsois reflected in a subtle angular relationship between beds of the
McClure Formation and the overlying Mount Clark Formation at the 12MWBs08 locality (Figure 8C).

Mount Clark Formation (Figure 9)

Mount Clark Formation was documented in all four sections. The abrupt, erosional base of the
formation is best exposed at stream level along section 122MWBs08 (Figure 8B). The base of the
Mount Clark Formation is covered but clearly abrupt in 12MWBs06 (Figure 6), whichincludesthe
complete thickness of the unit(17.0 m). Section 12MWBs05 (Figure 5) includes nearly the entirety of
the Mount Clark Formation (measured 44.5 m) as well, exceptfora talus-coveredinterval at the base
(Figure 3), whereasthe nearby 12MWBs04 included only the uppermost9.3 m of the unit (Figure 4).
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Figure 8: Outcrop photographs of McClure Formation. All photographs taken at section 12MWBs08. For
geographic coordinates and descriptions of units referredtoin captions, see section notes. (A) Interbedded
grey siltstone and shale with sandstone, comprising top of unit 2 and all of unit 3. Orange-weathering strata
above this belong to units 4-6. Basal beds of Mount Clark Formation can be seen higher in cliff. Hammer handle
is 30 cmlong. Photograph by R.B. MacNaughton. NRCAN photo 2020-912. (B) Contact (arrow) between friable,
weathered mudstone of McClure Formation (unit 7) and basal quartz arenite beds of Mount Clark Formation
(unit 8). Hammer handle is 30 cm long. Photograph by R.B. MacNaughton. NRCAN photo 2020-913. (C)
Overview of uppermost McClure and basal Mount Clark formations. Mount Clark Formation is the resistant,
tan to pale grey-weathering sandstone on the upper part of the slope. Note apparent angular discordance
between bedding in the two units. Person in foreground is 1.52 m tall. Photograph by K.M. Fallas. NRCAN
photo 2020-914.
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In section 12MWBs08 the contact between the Mount Clark Formation and overlying strata
(probably the Nainlin Formation; see below) is not exposed. However, an abrupt change in
weathering character at the top of the section probably corresponds closely to the position of the
contact. Thus, the measured thickness of 41.7 m for Mount Clark Formation in this section may be
nearly complete, albeit possibly reduced by erosionrelated to pre-Nainlin Formation uplift of the
Mackenzie Arch.

Quartz arenite dominatesall published sections of Mount Clark Formation in the eastern Mackenzie
Mountains (e.g., MacNaughton et al., 2013; Serie etal, 2013; Hamel and MacNaughton, 2013;
Bouchard and Turner, 2017b; Handkamer, 2020; this work). In the sections documented for the
presentwork, lithofacies can be subdivided as follows:

1. Thin-to medium-bedded quartz arenite, commonly with trough cross-stratification or ripple cross-
lamination; preservation of primary sedimentary structuresis highly variable dependingonthe
intensity of horizontal or (less commonly) vertical bioturbation (Figure 9A).

2. Medium- to thick-bedded, trough cross-bedded quartz arenite. This lithofacies lacks bioturbation
and generallyis highly cemented, producing cliffy exposures (Figure 9B).

3. Very thin-to thin-bedded, variably silty quartz arenite, commonly with abundant horizontal
bioturbation. Ripple cross-lamination and hummocky cross-stratification are preservedlocally,
dependingonintensity of bioturbation (Figure 9C).

The third lithofaciesis well-exposed in section MWBs05, where it yielded specimens of the trilobite
Olenellus terminatus (Bonnia-Olenellus Zone; N. Handkamer, personal communication, 2021) from
float likely derived fromunit 7 (19.9-22.4 m; GSC loc. C-553201). This is the firstreport of trilobites
from withinthe Mount Clark Formation and agrees with inferences aboutthe unit’s age based on
fossils fromthe overlying Mount Cap Formation. It also supports the correlation between the Mount
Clark Formation and the basal, sand-rich unit of the Mount Cap Formation in the McDougal anticline
(MacNaughton et al., 2013).

Mount Cap Formation (Figure 10)

The base of the Mount Cap formationis well exposedintwo sections. Although section 12MWBs06
exposesonlythe basal 7.5 m of the unit, consisting of dark grey shale with minor horizons of dark
grey limestone, the abrupt contact with the underlying Mount Clark Formation is well exposed
(Figure 10A). A limestone 3.4 m above the base of the Mount Cap Formation (GSC loc. C-553204)
preserved a number of cephalons (head shields) of the trilobite Olenellus terminatus (Bonnia-
Olenellus Zone; N. Handkamer, personal communication, 2021).

In section 12MWBs04, the contact betweenthe Mount Cap and Mount Clark formationsis more
gradational (Figure 4). Here, the Mount Cap Formation can be subdividedintotwointervals. A
heterolithiclowersuccession (Figure 10B) consists of 29.6 m of dark-coloured shale, dolostone to
sandy dolostone, limestone, and sandstone. Bioturbationis common and trilobites and phosphatic
brachiopods are presentat several horizons. A collection from a carbonate bed 14.7 m above the
base of the formation (GSC loc. C-553199) included specimens of Glossopleura boccar and
Polypleuraspis solitaria, belongingto the Glossopleura Zone (N. Handkamer, personal
communication, 2021).
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Figure 9 (on next page): Outcrop photographs of Mount Clark Formation. All photographs taken by R.B.
MacNaughton at section 12MWBs05. Photographs toillustrate the main lithofacies discussed in the text of the
report. For geographic coordinates and descriptions of units referredto in captions, see section notes. (A) Thin-
to medium-bedded quartz arenite (unit 1) with abundant vertical burrows. Arrow points to a contact between
beds that are burrowed (below) and unburrowed (above). Centimetre scale bar. NRCAN photo 2020-915. (B)
Trough cross-bedded, medium to thick-bedded quartz arenite, from an exposure of unit 13 some distance away
from the section route. Hammer handle is 30 cm long. NRCAN photo 2020-916. (C) Thin bedded quartz arenite
and silty sandstone with well-developed ripple cross-lamination and possible hummocky cross-stratification
(unit 7). Hammer handle is 30 cm long. NRCAN photo 2020-917.
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Figure 10: Outcrop photographs of Mount Cap Formation. In both photographs, hammer handle is 30 cm long.
For geographic coordinates and descriptions of units referredtoin captions, see section notes. (A) Contact
(arrow) between sandstone at top of Mount Clark Formation (unit 5) and overlying dark grey shale of basal
Mount Cap Formation (unit 6). Person is at trilobite locality (see Figure 6). Measured section 12MWBs06.
Photograph by R.B. MacNaughton. NRCAN photo 2020-918. (B) Interbedded dark grey shale and tan-

weathering beds of limestone and lesser sandstone, measured section 122MWBs04 (unit 11). Photography by C.
Deblonde. NRCAN photo 2020-919.
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Section 12MWBs04 also contains a poorly exposed, shale-dominated upperinterval (8.2 m) of the
Mount Cap Formation (Figure 3). The bipartite subdivisionin this section mimicsthat documentedin
other exposures (Aitkenetal., 1973; Serié et al., 2013). The measured thickness of 37.8 m for the
Mount Cap Formation at thislocation should be treated as a minimumvalue in light of regional
erosion beneath the overlyingSaline River Formation (Aitken et al., 1973).

Saline River Formation

Saline River Formation is presentat the top of section 12MWBs04, where it consists of poorly
exposed, very fine-to fine-grained sandstone and shale that weather maroon, red, or tan. Float and
spot outcrops preserve salt casts, polygonal mud cracks, and wave ripples. Aitken etal. (1973)
documented better-exposed, relatively complete sections through Saline River Formation but the
unitisgenerally not well exposed and evenrelatively complete sections tend to be deeply weathered
or tectonized, hampering study (Bouchard and Turner, 2017b).

In the region adjacent to the crest of the Mackenzie Arch, Saline River Formation passes
(south)westward into the Nainlin Formation (MacNaughton and Fallas, 2014). The two units are both
shale-rich, but the Nainlin Formation is sandier and lacks evaporites. Based on exposures mapped
near section 12MWBs08 (MacNaughton and Fallas, 2014), the coveredinterval above the Mount
Clark Formation in that sectionis thought to be underlain by the Nainlin Formation.

INFLUENCE OF PROTEROZOIC AND CAMBRIAN TECTONICS ON STRATIGRAPHY

As noted above, Neoproterozoicand lower Paleozoicstratigraphic relationshipsin the eastern
Mackenzie Mountains were influenced by late Neoproterozoicregional folding and by uplift of the
Mackenzie Arch. A simplified cross-section (Figure 11) shows stratigraphic relationships between
three localities: a composite of sections 12MWBs04 and 12MWBs05 (this work); section 12MWBs08
(thiswork); and section 11MWBs01 of Hamel and MacNaughton (2013). Neoproterozoicfolding
(Fallaset al.,2017) and subsequenterosion may have ledto the removal of roughly two-thirds of the
McClure Formationand all of the Abraham Plains Formation between 11MWBs01 and 12MWBs08. It
also isreflected in reappearance of those unitsand the preservation of the basal Little Dal Group
near 12MWBs04/12MWBs05 (Fallasand MacNaughton, 2014a). Early Paleozoicinfluence by the
Mackenzie Arch is illustrated by changes in Cambrian stratigraphy between 12MWBs08, on the
immediate flank of the Arch, and the othertwo localities that are more distal from the Arch (i.e,
farther northeast from the Foran and Stony anticlines). At 11MWBs01 and 12MWBs04/12MWBs05,
the Mount Clark Formation is overlain by the Mount Cap Formation, whichin turn isoverlain by the
Saline River Formation. By contrast, at 12MWBs08, the Mount Cap Formation is not present,
probably due to post-depositional erosionrelated to uplift of Mackenzie Arch (Aitkenetal., 1973).
The overlying strata are mapped as part of the Nainlin Formation (Fallas and MacNaughton, 2014a),
reflecting arch-adjacent coarsening of clastic faciesand loss of evaporitesrelative to the more
regionally extensive Saline River Formation of Mackenzie Plainand the Interior Plains.
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Figure 11: Simplified stratigraphic cross-section showing angular truncation of Mackenzie Mountains
Supergroup beneath sub-Cambrian unconformity and variation in Cambrian unit distributions relative to
Mackenzie Arch. 12MWBs08 is adjacent to the Mackenzie Arch, whereasthe other two sections are further
away. Arrangement of Proterozoic units below composite section 12MWBs04,05 is schematic but constrained
by geological map patterns (Fallas and MacNaughton, 2014a). Although large-scale folds are present in the
Mackenzie Mountains Supergroup (Fallas et al., 2017), the apparent folding seen in the MacClure Fm and
associated units in this cross-section is an artefact of section locations on one limb of such a fold.
Abbreviations: FM = Formation; L.D.G. = Little Dal Group; A.P. = Abraham Plains.

35



ACKNOWLEDGEMENTS

Neal Handkamer identified the fossil collections. Christine Deblonde provided able assistance during
the work of documentingthe sections. Lindsay Kung and Jeremy Powell assisted during
reconnaissance in 2011. PeterHorassi (2012) and Dennis Jackson (2011) were wildlife monitors.
Karen Fallas was party chief and contributed actively to discussions on Cambrian stratigraphy and
decisionsregarding section study locations. Canadian Helicopters provided safe and reliable flying.
David Sargent drafted several figures. Jim Dixon is thanked for his review comments, which improved
an earlierversion of the manuscript. Fieldwork was done as part of the Geo-mapping for Energy and
Minerals (GEM) Program (Mackenzie Delta and Corridor Project), under a license from Aurora
Research Institute. The organizations and communities of the Sahtu region (Tulita District) are
thanked for agreeingin principle to this work.

REFERENCES

Aitken, J.D., 1981. Stratigraphy and sedimentology of the Upper ProterozoicLittle Dal Group,
Mackenzie Mountains, Northwest Territories; in Proterozoic Basins of Canada; Geological Survey of
Canada, Paper 81-10, 1981 p. 47-78.

Aitken, J.D., and Cook, D.G., 1974. Carcajou Canyon map-area, District of Mackenzie, Northwest
Territories; Geological Survey of Canada, Paper 74-13, 28 p.

Aitken, J.D., Long, D.G.F., and Semikhatov, M.A., 1978. Progress in Helikian stratigraphy, Mackenzie
Mountains; in Current Research, Part A; Geological Survey of Canada, Paper 78-1A, p. 481-484.

Aitken, J.D., Macqueen, R.W., and Usher, J.L., 1973. Reconnaissance studies of Proterozoic and
Cambrian stratigraphy, lower Mackenzie Riverarea (Operation Norman), District of Mackenzie;
Geological Survey of Canada, Paper 73-9, 178 p.

Bouchard, M.L., 2019. Litho- and chemostratigraphy of the Lower to Middle Cambrian Mount Clark,
Mount Cap and Saline Riverformationsin Hornaday River Canyon, Carcajou Range, and Norman
Range, Northwest Territories; M.Sc. Thesis, Laurentian University, Sudbury, ON, 415 p.

Bouchard, M.L., and Turner, E.C., 2017a. Stratigraphy of the Mount Clark, Mount Cap and Saline River
formationsin the Hornaday Rivercanyon, Northwest Territories (NTS 97A); Geological Survey of
Canada, Open File 8180, 47 p.

Bouchard, M.L., and Turner, E.C., 2017b. Cambrian lithostratigraphy of the Mount Clark, Mount Cap
and Saline Riverformations in the Carcajou Range and Norman Range, Northwest Territories (NTS
96E1, 3, and 4); Geological Survey of Canada, Open File 8246, 38 p.

Butterfield, N.J.,and Nicholas, C.J., 1996, Burgess Shale-type preservation of both non-mineralizing
and ‘shelly’ Cambrian organisms from the Mackenzie Mountains, northwestern Canada; Journal of
Paleontology, v. 70, p. 893-899.

36



Dixon, J., and Stasiuk, L.D., 1998. Stratigraphy and hydrocarbon potential of Cambrian strata,
Northern Interior Plains, Northwest Territories; Bulletin of Canadian Petroleum Geology, v. 46, p.
445-470.

Fallas, K.M., Hadlari, T., and MacLean, B.C., 2013. Geology, Carcajou Canyon (northeast), Northwest
Territories; Geological Survey of Canada, Canadian Geoscience Map 95, scale 1:100 000.

Fallas, K.M., MacLean, B.C., and MacNaughton, R.B., 2017. Previously unrecognizedregionally
extensive pre-Windermere Supergroup foldingin northwestern Canada; Geological Society of
America Annual Meeting. Seattle, Washington. Geological Society of America, Abstracts with
Programs, v. 49, n. 6. https://gsa.confex.com/gsa/2017AM/webprogram/Paper295213.htmi

Fallas, K.M., and MacNaughton, R.B., 2012. Distribution of Cambrian formationsin the eastern
Mackenzie Mountains, Northwest Territories; Geological Survey of Canada, Current Research 2012-2,
12 p.

Fallas, K.M., and MacNaughton, R.B., 2014a. Geology, Carcajou Canyon (northwest), Northwest
Territories; Geological Survey of Canada, Canadian Geoscience Map 94, scale 1:100 000.

Fallas, K.M., and MacNaughton, R.B., 2014b. Geology, Carcajou Canyon (southeast), Northwest
Territories; Geological Survey of Canada, Canadian Geoscience Map 96, scale 1:100 000.

Fallas, K.M., and MacNaughton, R.B., 2014c. Geology, Carcajou Canyon (southwest), Northwest
Territories; Geological Survey of Canada, Canadian Geoscience Map 97, scale 1:100 000.

Hamblin, A. P., 1990. Petroleum potential of the Cambrian Mount Clark Formation (Tedji Lake play),
Colville Hillsarea, N.W.T.; Geological Survey of Canada, Open File 2309, 36 p.

Hamel, C.M., and MacNaughton, R.B., 2013. Petrographic assessmentand stratigraphy of
Neoproterozoicand Cambrian sandstones from measured sections, eastern Mackenzie Mountains,
Northwest Territories; Geological Survey of Canada, Open File 7472, 125 p.

Handkamer, N.M., 2020. Measured section data, Mount Clark and Mount Cap formations (Cambrian),
eastern Mackenzie Mountains, Northwest Territories; Geological Survey of Canada, Open File 8741,
50 p.

Hannigan, P.K., Morrow, D.W., and MacLean, B.C., 2011. Petroleum resource potential of the
northern mainland of Canada (Mackenzie Corridor); Geological Survey of Canada, Open File 6757,
271 p.

Herbers, D.S., 2017. Sedimentological and ichnological dynamics of the Early Cambrian Mount Clark
Formation, Northwest Territories, Canada; M.Sc. thesis, University of Alberta, Edmonton, AB, 146 p.

Herbers, D., MacNaughton, R.B., Gingras, M.K., and Timmer, E., 2016. Sedimentologyandichnology
of an Early-Middle Cambrian barred storm-influenced shoreface succession, Colville Hills, Northwest
Territories; Bulletin of Canadian Petroleum Geology, v. 64, p. 538-554.

37



Ingram, R.L., 1954. Terminology for the thickness of stratification and parting unitsin sedimentary
rocks; Bulletin of the Geological Society of America, v. 65, p. 937-938.

Janicki, E.P., 2004. Hydrocarbon pools of the Colville Hills; Northwest Territories Geoscience Office,
NWT Open Report 2004-06, 1 CD.

Long, D.G., Rainbird, R.H., Turner, E.C., and MacNaughton, R.B., 2008. Early Neoproterozoicstrata
(Sequence B) of mainland northern Canada and Victoria and Banks islands: a contribution to the
Geological Atlas of the Northern Canadian Mainland; Geological Survey of Canada, Open File 5700,
24 p.

Long, D.G.F., and Turner, E.C., 2012. Formal definition of the Neoproterozoic Mackenzie Mountains
Supergroup (Northwest Territories), and formal stratigraphic nomenclature for terrigenous clastic
units of the Katherine Group; Geological Survey of Canada, Open File 7113, 40 p.

Maclean, B.C., 2011. Tectonic and stratigraphic evolution of the Cambrian basin of northern
Northwest Territories; Bulletin of Canadian Petroleum Geology, v. 59, p. 172-194.

MacNaughton, R.B., and Fallas, K.M., 2014. Nainlin Formation, a new Middle Cambrian map unit from
the Mackenzie Mountains, Northwest Territories; Bulletin of Canadian Petroleum Geology, v. 62, p.
37-67.

MacNaughton, R.B., Pratt, B.R., and Fallas, K.M., 2013. Observations on Cambrian stratigraphy in the
eastern Mackenzie Mountains, Northwest Territories; Geological Survey of Canada, Current Research
2013-10, 7 p.

MacNaughton, R.B., Fallas, K.M., Pratt, B.R., MaclLean, B.C., and Turner, E.C., 2016. Tectonic evolution
of the Mackenzie Arch, a major control on Cambrian depositional patternsinthe westernmost
Northwest Territories, Canada; Geological Society of America Annual Meeting. Denver, Colorado.
Geological Society of America Abstracts with Programs, v. 48, n. 7.
https://gsa.confex.com/gsa/2016AM/webprogram/Paper281200.html

Norford, B.S.,and Macqueen, R.W., 1975. Lower PaleozoicFranklin Mountain and Mount Kindle
Formations, District of Mackenzie: their type sectionsand regional development; Geological Survey
of Canada Paper 74-34.

Peng,S.C., Babcock, L.E., and Cooper, R.A. 2012. Chapter 19—the Cambrian Period;in The Geologic
Time Scale 2012. F.M. Gradstein, J.G. Ogg, M. Schmitz, and G.J. Ogg (eds.). Elsevier, Amsterdam, p.
437-488.

Price, P.R., and Enachescu, M.E., 2009. The Maunoir oil discovery—a Cambrian clastic oil discovery
withinthe Sahtu Settlementregion of the central Mackenzie Valley, NWT;in 37th Annual Yellowknife
Geoscience Forum, Abstracts of Talks and Posters, November 17-19, 2009, (comp.) V. Jackson and E.
Palmer; Northwest Territories Geoscience Office, Abstracts Volume 2009, p. 52-53.

38


https://gsa.confex.com/gsa/2016AM/webprogram/Paper281200.html

Pyle, L.J.,and Gal, L.P., 2009. Chapter 3 — Cambrian strata and basal Cambrian clastics play;in
Regional Geoscience Studies and Petroleum Potential, Peel Plateau and Plain, Northwest Territories
and Yukon: Project Volume. L.J. Pyle and A.J. Jones (eds.). NWT Open File 2009-02 and YGS OpenFile
2009-25, p. 83-111.

Pyle, L.J.,and Gal, L.P., 2011. Petroleum potential data from Cambrian sections inthe Northern
Mackenzie Mountains, NTS 96D and 106H, Northwest Territories; Northwest Territories Geoscience
Office, NWT Open Report 2011-008, 59 p.

Serié, C., Bergquist, C.L., and Pyle, L.J., 2009. Seventeen measured sections of Cambrian Mount Clark
and Mount Cap formations, northern Mackenzie Mountains and Franklin Mountains, Northwest
Territories; Geological Survey of Canada, OpenFile 6148, 77 p.

Serié, C., Bergquist, C.L., and Pyle, L.J., 2013. Seventeen measured sections of Cambrian Mount Clark
and Mount Cap formations, northern Mackenzie Mountains and Franklin Mountains, Northwest
Territories; Geological Survey of Canada, OpenFile 6148 (rev.), 81 p.

Sommers, M., 2018. Subsurface analysisand correlation of Cambrian formations beneath the Colville
Hills, northern mainland, Northwest Territories; M.Sc. thesis, University of Alberta, Edmonton, AB,
150 p.

Sommers, M.J., Gingras, M.K., MacNaughton, R.B., Fallas, K.M., and Morgan, C.A., 2020. Subsurface
analysis and correlation of Mount Clark and Mount Cap formations (Cambrian), northern Interior
Plains, Northwest Territories; Bulletin of Canadian Petroleum Geology, v. 68, p. 1-29.

Turner, E.C., 2011. A lithostratigraphictransect through the Cambro-Ordovician Franklin Mountain
Formation in NTS 96D (Carcajou Canyon) and 96E (Norman Wells), Northwest Territories; Geological
Survey of Canada, Open File 6994, 28 p.

Turner, E.C. and Long, D.G.F., 2012. Formal definition of the Neoproterozoic Mackenzie Mountains
Supergroup (Northwest Territories), and formal stratigraphic nomenclature for its carbonate and
evaporite formations; Geological Survey of Canada, Open File 7112, 57 p.

Zhao, Y.L., Peng, J., Yuan, J.L., Guo, Q.J,, Tai, T.S., Yin, L.M., Parsley, R.L., Yang, Y.N., Yang, X.L., and
Zhang, P.X.,2012. Stop 5: The Kaili Formation and Kaili Biota at the Wuliu-Zengjiayan section of
Guizhou Province, Chinaand proposed Global Standard Stratotype-section and Point (GSSP) of the
unnamed Cambrian Series 3, Stage 5; Journal of Guizhou University (Natural Sciences), v. 29
(Supplement 1), p. 108-124.

39



	ABSTRACT
	INTRODUCTION
	GEOLOGIC CONTEXT
	PREVIOUS CAMBRIAN STRATIGRAPHIC STUDIES, EASTERN MACKENZIE MOUNTAINS
	MEASURED SECTIONS
	MEASURED SECTION DESCRIPTIONS
	OBSERVATIONS ON INDIVIDUAL FORMATIONS
	INFLUENCE OF PROTEROZOIC AND CAMBRIAN TECTONICS ON STRATIGRAPHY
	ACKNOWLEDGEMENTS
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



