6;0 f,/;cv\
GEOLOGICAL RECONNAISSANCE )
NORMAN WELLS - WRIGLEY AREA,
NCRTHWEST TERRITORIES

R.G. Edwards  April 25, 1960




K Cr <
L or TTAW ;4. _
L Horthery Affais B




TEXACO EXPLORATION COMPANY
CALGARY, ALBERTA

GEOLOGICAL RECONNAISSANCE
NORMAN WELLS - WRIGLEY AREA,
NORTHWEST TERRITORIES

By

R. G. Edwards

April 26, 1960

P et
S s o
RESGITES DIVISION




CONTENTS

TEXT
Page

INtTO3UCLION ccoeccacsscsoscccsasccsscssccsnssccssccvccsseccs
General StatemeNt <cceescscccesccssssccscsccsscccccsccssces
Acknowledgments .cececccacccns cesescsecssarsnscsscssnenes
Scope of Work ceecceccccccecs esececssves
Previous WOrkK ceccccesccsse ceccsscs
PhySiOZTaAPRY eecececesescssscsscscscsccncccacsccnnoncccs
Climate and Vegetaltion .cececccccecccccceccnccsccccsccns

Stratigraphy «.... crececsccsssssseenes Pt
Ceneral Statement <eccecesceccsccccssssecsccssosescccscsocs
Precambrian cceccecccsssccscscssccocccs eesecsesssscsese
Cambrian cecceecces tecececescecessssnssescessnssen
Ordovician=Silurian ceccececcccccccscccccns cecscscsccs
Lower DevOnNiaN cceeceseseesccscsscsscsccssssccnsssacccscccs
Middle Devonian .... ceccsvsscrose
Upper Devonian ...ccecceessccssccccvccsccaacocccsnee
CTELACEOUS ecseccccsscscsscsssccsssssccssressscsssccscsocs
Tertiary cceeceecccsccsse. cecesescscscsssscesscsense .o

SEIUCLULE cceesvsoscescssansossccssscssssscseosnsssssccssccccs

Major Tectonic DivisSiONS eeeececcecsccccscccccccccccccncs

Local Structures of Possible Economic Value ...ccccceccecsan

ConCluSIiONS cececcccccccssccnccccccccccnconcs

RecommendationsS eceecescccccssscccesssscsssscsccssssccnccsces

VRO EWNHH

Bibliography papeyararerae X R I I IR R R A IR I A A A

ILLUSTRATIONS
Figure Follows Page

1. Area of Operations Map ccececceccce . 2
3. Physiographic Divisions of the Norman Wells-Wrigley
AT©2 <ccececccocscsscssascscscscscsscsancssccscssosccscs
L. Paleozoic Correlation Chart c.c.cceececececceccccccans 8
5. Table of FOrmations c.eeccececccceccecaccccccoccacacs 8
. Location of Cambrian SECLiONS «.ceceeecsececccscssoess 11
7. Correlation of Cambrian Sections .eecececcceccs. ee 11
9. Ronning Group Lithologic Aspect and Isopach Map ..... 18
11. Bear Rock Formation Lithologic Aspect and Isopach Map 23
12. Hume Formation Lithologic Aspect and Isopach Map .... 31
13. Fort Creek Group Lithologic Aspect and Isopach Map .. 34
1L. Imperial Formation Lithologic Aspect and Isopach Map. 39
15. Major Structural Divisions of the Norman Wells-Wrigley
Area .. ccecsessscsscsesccscsscssscvee checes
16. Structure Sections across Franklin and Mackenzie
MOUNLAINIS <eececccocacesecesacsssassssscnscsssccass DOl
17. Location Map of Possible Economic Structures «....... 55




JLLUSTRATIONS
Figure
2. Location Map of Stratigraphic Sections ..........

8. Ordovician-Silurian Fence Diagram .cccccececccecss
10. Lower and Middle Devonian Fence Diagram .........

Plate

1. A. Bear Rock and Ronning outcrop in west wall of
Carcajou Canyon where Carcajou River leaves
Mackenzie Mountains ....

Typical Bear Rock outcrop on east side of
Carcajou River, nine miles south-southeast
of Mirror Lake CO.‘..'..’.....0..'.0’.0.....0

Brecciated Bear Rock formation outcrop «.....

Complete Hume formation section on north side
of Macdougal Creek five tec six miles upstream
from confluence of Macdougal Creek and Carca-
Jou RIVEr cecececcccccaccccsscssiosasssnccans

Sinkhole in Hume formation approximately five
miles east of Moon lLake ......

Low Escarpment of Hume formation limestones,
twelve miles due east of 0Old Fort Point .....

Kee Scarp formation on north side of Imperial
Anticline, approximately sixteen miles due
south of East Mountain > © 9 © 6 © OO OGO SO ESs o ePS

Kee Scarp outcrop cn west side of Cleaver
%untain .....'.........0...0.00.‘....0......

Contact between Fort Creek and Hume forma-
tions on east side of Macdougal Creek where
it leaves Mackenzie Mountains ceccececscsccesce

Fort Creek group outcrop on east side of Mac-
dougal Creek at front of Mackenzie Mountains.

Pertinent Lithologic SectionsS .cceccececccccccsccccces

In Pocket
In Pocket
In Pocket

Opposite
Page

70

74

In Pocket




- INTRODUCTION

General Statement

During the 1955 field season, geologists of Texaco Ex-
ploration Company conducted a geological reconnaissance of
the Norman Wells-Wrigley area of the Northwest Territories.
The area of investigation includes the Canyon (i.e. eastern)
Ranges of the Mackenzie Mountains, the Franklin Mountains
and the intervening Mackenzie Plains between 62°30' and 66°00°*
North Latitude, and covers approximately 35,000 square miles.
The purpose of this study was to evaluate the hydrocarbon po-
tential and obtain stratigraphic and structural information
in an area only sparsely described in published literature.

The study was designed to provide regional surface control
in an area where drilled wells, with the exception of the
Norman Wells area, are rare. Outcrops in and immediately sur-
rounding Texaco permits were examined in somewhat more detail
in an attempt to more fully evaluate the possibility of hydro-
carbon accumulations within the permit areas. Fifty-four sec-
tions with a total footage of 89,000 feet were measured and
described. In addition, 35 field checks were made.

Field party personnel boarded a river boat and barge at Fort

Nelson, British Columbia on May 17. The barge transported

personnel, camp equipment and initial food supplies to Norman
Wells, Northwest Territories. Norman Wells was used as a main
supply point for the entire field season. The boat and barge
arrived at Norman Wells on June 3. The L47G-2 Bell helicopter
and De Havilland Beaver aircraft which accémpanied the party

throughout the summer, arrived at Norman Wells on June 1.
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General Statement

e During the 1959 field season, geoclogists of Texaco Ex-
pleration Company conducted a geological reconnaissance of
the Norman Wells-Wrigley area of the Northwest Territories.
The area of investigation includes the Canyon (i.e. eastern)
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North Latitude, and covers approximately 35,000 square miles.
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Throughout the summer three base camps were established.
Distance between base camps varied between 60 and 80 miles.
Field work for this report was initiated June 4 at Stick
Lake and proiressed southward to Stewart Lake and Mackenzie
River (at Ochre River) in that order (see Area of Opera-
tions Map, Figure 1).

Weather conditions were fair throughout the summer. Eight-
teen days were lost due to inclement weather. The field‘sea-
son terminated August 12.

Communications with the aircraft and the Department of
Transport radio.station at Norman Wells were maintained by
use of a Spilsbury-Tyndal MRT-600 radio teleﬁhone which was
very satisfactory. Fresh food shipments were shipped weekly
by air freight from Edmonton to Norman Wells by Pacific West-
ern Airlines. Shipments were picked up at Norman Wells by
the party aircraft.
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neer, and the Pacific Western Airlines crew, comprised of
W. McKinney, pilot, and A. Loutitt, engineer, gave out-—
standing service. The river boat and barge were capably
handle by Charlie Jencen and his helper, W. Whitehead.
The author is indebted to the Geological Survey of Canada,

Ottawa, for identification of some fossil collections.

Scope of Work

This report, although it includes a discussion of rocks
rangihg from Precambrian to Tertiary in age, deals primari-
ly with Paleozoic sediments;

Correlation and facies changes have been determined and
are demonstrated by facies maps, cross-—sections and/or
fence diagrams. In some instances, especially in lower
Paleozoic strata, fossils are rare and correlations are
based primarily on lithology.

The most important structural features of the area are
discussed. Two semi-diagrammatic stru( :re sections across
‘the study area are shown in Figure 17.

Field methods used by Party 59-2 are those accepted as
standard.field procedure and need only slight elaboration.
Samples were collected at every major lithologic break.
Fossil collections were made as often and as complete as
poSsible. Secﬁions were measured with a 5-foot staff.
Approximately one-half of the sections were.measured from
fly camps usually 20 to 70 miles from a base camp. The
~remaihing,se6tions were werked directly from a base camp.

~ Sections were named after some nearby topographic fea-
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ture and were coded with two or three letters. For ex-
ample, the code for a section near Inlin Brook was INL-3-
59-2, INL indicated the section name, and the numeral 3
signified that it was the third section at that locality.
The numerals 59-2 stated year and party number respective-
ly. In several instances, visited localities were coded

with the day, month and the number of the locality visited

that day. For example, IL-1-3-7-59-2 was the first inspect-

ed locality visited on July 3 by Party 59-2.

The locations of all measured sections and inspected lo=-
calities are shown on the Section Location Map (Figure 2,
in pocket).

Previous Work

Most early explorations within the area were undertaken
for reasons other than the study of geology. In the late
part of the 19th century and early part of the 20th centu-
fy, Keele, Cahsell, and McConnell traversed various parts
of the study area, but much of their time was spent study-
ing the physiographic aspects.

The first work of much importance was done in the early
1920s. Williams spent several summers studying the geol-
ogy of the Wrigley area, and Hume (1922) worked in the
North Nahanni area, immediately tc the south. Hume (1923)
and Link (1921) worked in the Carcajou River area south of
Norman Wells.

The most important work carried out to date within the

report area and nearby vicinities was the Canocl Project.
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It was undertaken during the Second World War to explore
and drill for ©il in the Fort Norman and adjoining areas.
The results of surface geological investigations were com-
piled into 15 reports which cover an area from the Nelson-
Liard Rivers area in the south to the Upper Peel River area
in the north. In addition, the Norman Wells area was stud-
ied in more detail and the geology of this region was pres-
ented in 22 reports.

In 1950, Laudon described a nearly complete Paleozoic
section at Imperial River, on the west side of the report
area. In the Wrigley area, Dann {1953) and Geophoto Ser-
vices, Ltd. (1953) have presented important information in
their government submittal reports. In the same area, Bell
(1959) has contributed significantly tc the available in-
formation concerning the Ordpvician and older sediments.

Only the more important references are mentioned here.

A detailed list, including minor references, is given in

the bibliography. An especially good bibliography of ear-

ly exploration in the area is given by Camsell and Malcolm

(1921).

Physiography

The study area includes parts of three major physiograph-
ic subdivisions as defined by Bostock (1948). These subdi-
visions are shown in Figure 3.

Approximately in the centre of the report area and run-
ning its entire length is the Mackenzie Plain. Predominante

ly tree and muskeg covered with low relief, outcrop is con-
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fined to creek valleys and low ridges. In some places, in-
pumerable small lakes dot the Plain. The Mackenzie Plain
appears to be a strip of the Interior Plains left almost un-
disturbed within the Mackenzie Mountain area when the front
structures emerged from the plains far out in front of the
main area of deformztion.

In several places, as in the MacKay and Imperiai Ranges,

Paleozoic rocks project through the Cretaceous strata and

stand as conspicuous ridges above the surrounding terrain.

West of the Mackenzie Plain are the Canyon Ranges oI the
‘Mackenzie Mountains. The Canyon Ranges occupy the lower,
eastern portions of the Mackenzie Mosuntains, and north of
the Redstone River, the major features are high plateaux
of nearly horizontal strata. Along the eastern flanks of
the Canyon Ranges, where dip is steeper, nflat-iron" moun-
tain ridges are common. In the vicinity of the Redstone
River, the plateaux give way to several ridges of mountains
which ccnverge southward. In the vicinity of North Nahanni
River, these ridges become inseparable from the Backbone
(i.e. western) ranges of the Mackenzie Mountains.

East of and parallel to the Mackenzie Plain are the Frank-
1in Mountains. In general, tkey form an elevated and broken
tract of country apparently representing the easternmcst zone
of the mountain structures bordering the Interior Plains. In
the report area, the Interior Plains occupy all that area
east of the Franklin Mountains.

Climate and Vegetation

Climate in the area is essentially one of long, cold win-
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ters ard short, cool summers. Precipitation varies between
ten and twenty inches per year, with four to six inches fal-
ling from June to September. The Mackenzie River breaks up
the last week in May and begins to run ice the last week in
September. Lakes in the area are usually ice-free by the
£irst week of June.

‘Fair weather may be expected between June 1 and August 15.
After August 15, conditions gradually worsen and generally
poor weather may be expected in fhe mountain ranges of the
area. Most geological crews terminate field work the first
week in September.

Tree growth is confined mainly tc the Mackenzie Plain and
larger creek valleys of the mountain ranges. The Franklin
Mountains, somewhat lower thén the Mackenzie Mountains, are
tree~covered over all but the higher peaks and ridges.

Large areas of muskeg are common throughout the Mackenzie
Plain. Tree growth in muskeg areas is confined to scatter-
‘ed and stunted spruce. In some areas, however, (e.g. Texaco's
Bear River permit) both evergreen and deciduous (poplar and
birch) trees reach heights between 50 and 70 feet.

Pérmafroét underlies the entire report area. In the southe
ern parts it is discontinuous in extent, but permafrost bound-
aries have not as vet been determined. In muskegs, where the
.ground is insulated with moss, permafrost is less than 12 in=-
ches below the surface in summer. Permafrost is 150 feet

thick at Norman Wells and undoubtedly thins southward.




() | 'STRATIGRAPHY

General Statement

In the following pages, discussion of stratigraphy is, ;“

: ‘)‘I'V

for the most part, kept on a regional basis. In the Nor-
) man Wells area, however, the importance of the producing
" Kee Scarp formation of the Fort Creek group warrants a
somewhat more detailed discussion and all available infor-
mation concerning this zone is incorporated.

Stratigraphic interpretations as contained in this report j*f
are greatly aided by outcrops which occur in both the Frank-
lin and Mackenzie Mountains, thus allowing regional control
in more than one direction. Fence diagrams were constructe
ed to show Middle and Lower Deveonian and Silurian-Crdovician .f%?
general correlations and lithologies. Facies and isopach .
maps, regional though they are, were prepared to present all .
field information collected to date. All wells drilled in
the area of studj have been considered in the completion of
this report.

The correlation chart shown in Figure 4 summarizes past
as well as present correlations of the study area and ad-
jacent regions.

Precambrian

On the basis of stratigraphic position, Precambrian strata
have been recognized on Cap Mountain in the Franklin Moun-
.tains, along the Keele River, and at Doris Lake in the Mac-
Kenzie Mountains.

Williams (1923, page 73B) was the first to imply a Pre-
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cambrian age for dark shales on Cap Mountain which underly
the Lower Cambrian Mount Clark quartzite. Underlying these
shales on Cap Mountain are more than 5,000 feet of predomi-
- nantly maroon weathering shales and sandstones with some
carbonates.

West of Cap Mountain, along tine Keele River in the Mac-
kenzie Mountains and 90 miles westv of the Mackenzie River,
maroon and green shales which are lithologically similar to
Precambrian strata on Cap Mountain, outcrop along the north
edge of the river. These beds are below a marked angular
unconformity below gquartzites tentatively assigned to the
Lower Cambrian, although no fossils were found in them. A
photograph of this unconformity is presented by Bell (1959,
page 10).

In the Doris Lake area, along the front range of the Mac-
kenzie Mountains near the west side of the report area,
about 500 feet of maroon and grey to grey-green siltstones
and sandstones at the base of a thick clastic section are
assumed té be Precambrian. These sediments are in some ways
similar to Precambrian beds on Cap Mountain and along the
Keele River, although no shales are present at Doris Lake.
The contact between Precambrian and Cambrian beds at Doris
Lake was not examined, but no obvious bedding angularity

was visible.

Cambrian ‘

Distribution.-Cambrian strata are present throughout the

report area. Exposures are especially abundant in the Mac-
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kenzie Mountains behind the front ranges. In the Franklin
Mountains, exposures are less common. Near Norman Wells,
only the uppermost beds of thg Cambrian are exposed. South-
ward, along the east side of the Franklin Mountains between
Mount Clark and Cap Mountain, Cambrian exposures occur occa-
sionally.

Contacts.-In the Cap Mountain area, contact between Pre-
cambrian and Cambrian rocks has been tentatively placed by
Bell (1959, page 9) at the base of a 18-inch thick conglom-
erate at the base of the Mount Clark formation on Cap Moun-
tain. No bedding angularity is visible at this locality,
but 70 miles west of Mackenzie River, along Keele River, Bell
(1959, page 10) describes a very obvious Precambrian-Cambrian
nonconformity. Here, nearly vertically dipping Precambrian
varicolored shales and phyllites are overlain by gently west-
dipping Lower Cambrian quartzites. Throughout the rest of
the report area, delineation of the Precambrian-—Cambrian con-

tact is more difficult.

Definite contacts between Upper, Middle and Lower Cambrian

sediments within the'Cambrian system are not always recogniz-
ed in the field. Major lithologic changes may or may not ex-—
ist between beds containing fossils of different ages.

The Cambrian-Ordovician contact is unconformable, but no
bedding angularity was observed.

Lithologv, Correlation and Thickness.-The Cambrian system

is divisible into two groups near Norman Wells and correla-

tion to the Wrigley area is reasonably straightforward. Cor-




-11 -
relation of Cambrian sections used in this report is shown
in Figure 7.

KATHERINE GROUP (LINK, 1921): The name is applied to a
sequence of pink, white and rusty quartzites with interbed-
ded, black, platy shales exposed below shales containing a
Middle to Upper Cambrian fauna in the Carcajou Canyon-Imperial
River area of the Mackenzie Mountains.

In only section, measured by Party 58-1 (Murray and Teitsz,
1959) near Doris Lake on the extreme west side of the report
area (Section DLS-1-58-1), is it likely that the base of the
Katherine group was encountered. Here, about 2,400 feet of
cross-bedded sandstone with minor maroon and green shales and
rare dol&mite and conglomerate overlie about 500 feet of ma-
roon to greenish~grey sandstones and siltstones. The lower-
most 500 feet of this section is tentatively assigned to the
Precambrian on the basis of lithologic similarity to sedi~
ments of assumed Precambrian age in the Mount Clark~Cap Moun-
tain area. The 2,400 feet of sandstones are assigned to the
Lower Cambrian Katherine group, although they contain no fos-

sils. On lithologic similarity and stratigraphic position,

the Katherine group is equated to the Mount Clark formation

of the Fort Wrigley area.

The name Mount Clark formation was applied by Williams (1923)
to a sequence of red to pink quartzites and sandstones with
some conglomerates and shales near the base, which is exposed
on Mount Clark and Cap Mountain in the Franklin Mountains

north of Fort Wrigley. On Mount Clark, Salterello and Olenel-
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lus canadensis were found in shales near the top of the Mount

Clark quartzite (Williams, 1923, page 75B). On the basis of
these fossils, a Lower Cambrian age for tke Mount Clark for-
mation is generally accepted.

In the Cap Mountain-Mount Clark area, the Mount Clark for-
mation averages 700 tc 800 feet in thickness. The formation

thickens westward, and 80 miles west of Cap Mountain, along

the Keele River, a quartzite and sandstone unit, estimated by

the author to be in excess of 3,000 feet, is similaf in lith-
ology to the Mount Clark formation and occupies an equivalent
stratigraphic position.

MACDOUGAL GROUP {LINK, 1921): These beds were first describ-
ed in Macdougal Creek Valley, with 997 feet of sediments in-
cluded in the group at its type section (Nauss, in Hume, 1954,
page 10). Here, they consist of a sequence of chocolate—color-
ed to red and green shales, limestones and sandstones, with
abundant gypsum in the upper 200 to 500 feet.

In general, the Macdougal group may be divided into two lith-
ologic units. These are a lower, predominantly shale and car-
bonate unit and an upper evaporitic unit. The upper evaporite
unit is the only lithologic unit within the Cambrian which can
be traced with any certainty thrcughout the report area.

Northwestward from the type section, in the Mackenzie Moun-
tain front at Imperial River, the lower beds of the Macdougal
group are predominantly shales with mincr sandstones, and are
about 300 feet thick. The upper beds, also 300 feet thick,

are varicolored shale with abundant, massive beds of gypsum.
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Ninety miles west of the Mackenzie River and immediately
north of the Keele River, near Nainlin Brook (Section PVW-
1-59-2), Cymbrian beds, assumed equivalent to the Macdougal
group, underlie the Ronning group. The Lower Macdougal
consists of 500 feet of shale and dolomite which overlie a
thick sequence of sandstones assigned to the Katherine group.
The upper 550 feet of the Macdougal group at this‘locality
is mainly sandstone with interbedded red shales. This is
the only section in which abundant sandstones»were discove~
ered in the upper beds of the Macdougal. The lack of gyp-
sum in these upper beds is conspicuous. |

Overlying the Mount Clark formation on Cap Mountain, Wil-
liams (1923, page 73B) describes about 200 feet of green and
grey ‘shales, and red sandstones andvshales, from whicn he
collected Middle Cambrian fossils. These usually poorly ex-
posed beds Williams called the Mount Cap formation.

The Mount Cap formation is equated approximately to the
lower part oflthe Macdougal group of the Carcajou River area
in the Mackenzie Mountains, but an exact correlation is not
-‘attempted. .

In the Mount Clark-Cap Mountain area, beds equivalent to

the upper evaporite éequence of the Macdougal group were

named Saline River formation by Williams (1923). PFrom ob-
servations he made in the vicinity of Cap Mountain, Williams
suggested that the Saline River formation is approximately
500 feet thick at this lppality, with red and grey shales

containing salt and gypsum forming the lower 200 feet, and
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calcareous shales with some red and green shale forming

the upper 300 feet.

The Saline River formation is the oldest exposed rock
present in the Discovery Range of the Frankiin Mountains.
At Bear Rock, 100 feet of very gypsiferous shales are ex-
posed and are included in the Saline River formation. ‘
The author agrees with Williams (1922, page 77B) who sug- ; ,
gests a Middle Cambrian age for the Saline River formation. |
Only one well has penetrated Cambrian strata in the sub-
surface of the Mackenzie Plain. This well, Vermilion Ridge
vé 1 No. 1, encountered 2,700 feet of Saline River formation evap-
‘ orites including 1,200 feet of pure rock salt {(Hume, 1954,
page 103). This seemingly anomalcus thickness maf be the
result of surface leaching of the salt in outcrop, with the
result that only a gypsiferous shale residue remains where
the formation crops out. The possibility of an increased
thickness of salt due to structural thickening cannot be
ruled out.
Source & Reservoir Rocks.-The lower half of the Macdougal group

and its equivalents commonly contain some shales, which in
occasional instances are petroliferous (e.g. 230 feet of petro-

liferous shale in the lower part of the Macdougal group type

section).»'At some localities, shales are also present within
the Katherine group but they are usually thin and the possi-
bility of their acting as an important source for hydrocarbons

is doubtful.

Porosity is not common in Cambrian sediments in outcrop.
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On present evidence, Cambrian strata within the report area
can only be considered as fair to poor for hydrocarbon ac—
cumilation.

Paleogeography.-Early Cambrian sediments consist predomi-

nantly of coarse clastics with minor shales which were de-
posited in a widespread but shallow sea, with abundant but
minor fluctuations of the shore line. Ripple marks, cross-—
bedding and mud cracks exist at many localities. In the
Franklin Mountains, Lower Cambrian sediments are much thin-
ner than to the west, implying a deepening of the sea behind
the Front Ranges of the Mackenzie Mountains.

In Middle Cambrian time, sand deposition gave way to shale

and limestone throughout much of the area as recorded by the

lower beds of the Macdougal group. It is very likely that
the shale was deposited in the early‘stages of formation of
a large, restricted, intracratonic basin which developed in
the Norman Wells-Wrigley area and flanked the craton during
Middle Cambrian time. The upper Macdougal sediments, cone
taining abundant evaporites and red and green shale, were
deposited over the area now occupied by the Front Ranges of
the Mackenzie Mountains, the Mackenzie Plain, and Franklin
Mountains. The evaporitic sequence thins westward and is
not present at Arctic Red River. Similarly, no evaporites
were present at section PVW-1-59-2 which is near the Keele
River on the west side of the area. Southern limit of the
evaporites is unknown. Replacement of the evaporites by

sandstones to the west suggests that a positive area which
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could have provided necessary restriction for evaporite for-
mation may have existed in the Arctic Red River area and ex-
tended southward and eastward into the area now occupied by

the central and/or western portion of the Mackenzie Mountains.

Ordovician-Silurian

Generzl Statement.-Most Canol geologists used the name Mount

Ronning formation for rocks which occur between the Lower De-
vonian Bear Rock formation and the Cambrian Macdougal group.
The Mount Ronning was raised to group status by Hume (1954)
when he renamed it the Ronning group.

The name "Ronning group" is applied to a thick sequence of
Ordovician and Silurian dolomites which is present throughout
the study area. To date, exact delineation of the Ordovician-
Silurian contact has proved impossible. Earlier previous
workers placed much of the Ronning group in the Silurian on
the basis of a coral zne which, until recently, was consider-
ed Niagaran in age. In recent years, however, this "Niagaran"
coral zone has been redated {Bell, 1959, page 8) and is now
placed in the Upper Ordovician. This coral zone is in the
upper half of the Ronning group.

One fossil prevents placing the Ronning entirely within the

Ordovician. This fossil, Conchidium sp., is definitely of

Silurian age and, although almost never found in place, it is

occasionally identified from Upper Ronning talus fossils. In
at beds containing Conchidium sp. are lithologically similar

to underlying beds and no contact is visible between them, Or-

dovician and Silurian strata are grouped into one obvious major
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field unit. The Ordovician-Silurian contact falls somewhere
within the upper part cf the Mount Kindle formation.

Distribution.-Orodovician-Silurian strata outcrop abundant-

1y tkoughout the report area. Well exposed sections are
common along the Mackenzie Mountain front. Behind the front
ranges, exposures are abundant but good sections are less com~
mon. 1In the Franklin Mountains around Norman Wells, Ronning
sections are fair. Southward, in the Cap Mountain area, eX-
posures are badly talus-covered and good sections are scarce.

Northwest of Norman Wells, in the vicinity of Mahony Lake,
Ronning forms the surface bedrcck over large areas. Only in
the Mackenzie Plain are Ronning outcrops absent. (The MacKay
Range is an exception.)

Contacts.~The lower contact of the Ronning group with un-

derlying Cambrian sediments is unconformable. In the Imper-

jal River Canvon, Laudon (1950, page 569) describes the con-
tact as abrupt and states that there is local evidence of
truncation of underlying Cambrian strata. Grey sandstones
and chert conglomerate appear in local pockets along the con-
tact.

The upper limits of the Ronning group are sharply delineat-.
ed by a marked disconformity plainly visible in an exposed
rock féce such as in the Carcajou Canyon (see Plate 1). Hume
(1954, page 21) described a zone of sandstone and conglomer-
ate between typical Bear Rock and Ronning beds irn Canyon Creek
near Norman Wells, giving further evidence of the disconform-

ity at the top of the Ronning group.
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Lithologv, Correlation and Thickness.-In 1922, Williams

(page 60) subdivided beds now known as the Ronﬁing group
into an upper Mount Kindle formation and a lower Franklin
Mountain formation, and this terminology has been accepted
for this report.

Correlations of Ronning group sections measured by Party
59-2 are shown in the fence diagram of Figure 8. An iso-
pach map is shown in Figure 9.

FRANKLIN MOUNTAIN FORMATION: The Franklin Mountain for-
mation is present throughout the report area. Its thickness
and lithology are remarkably uniform. The thickest measured
section of the Franklin Mountain formation is in the Macken-
zie Mountains on the west side of the area at Mbuﬁtain River
(MRS-1-58~1). Here the Franklin Mountain is 1,800 feet thick
and is composed of finely crystalline, light to medium grey,
unfoséiliferous, sometimes silty and cherty dolomite.

Eastward and northward from the Mackenzie Mountain front
at Mountain River, thickness decreases only slightly (1,700
feet at.imperial River in the Mackenzie Mountains and 1,500
feet near Norman Wells). Lithology in these sections is
very similar to that at Mountain Rivgf, but no silty dolo-~
mites are present.

Behind the front ranges of the Mackenzie Mountains south

of Norman Wells, the Franklin Mountain formation thins to

about 1,000 feet (at CJLS-59-2). Throughout the rest of the

report area, east of Norman Wells along the Franklin Moun-

~tains and the Mackenzie Mountains, thickness remains rela-
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tively constant between 1,200 and 1,500 feet. The only excep-
tion is at section RAT-1-59-2 where the Franklin Mountain for-
mation is 300 feet thick, although the base may be placed too
high. A

At Bear Rock, near Fort Norman, Stelck (in Hume, 1954, page
16) placed only 600 feet of section in the Ronning group. It
is highly likely that faulting, as well as erosion, has thinned
the section measured by Stelck. He is probably correct, how-
ever, in stating that the Mount Kindle formation has been erod-
ed, as it is known to be missing west of Bear Rock between Bear
Rock and Norman Wells.

In the Franklin Mountains of the Wrigley area, the Franklin
Mountain formation shows a slight change from its typical lith-
ology. At several sections in this vicinity (sections 0TC-1-59-
2 and CAPMS-59-2), the Franklin Mountain formation weathers med-
ium to light grey-brown and contains abundant zones of silty
dolomites. At section CAPMS-59-2, thin, local lenses of chert
and quart: pebbles occur occasionally throughout the formation.
Ripple mafks and mud cracks have been observed in Franklin Moun-
tain sediments in this region.

Party 59-2 found no fossils in the Franklin Mountain forma-
tion but Williams (1923, page 78B) describes two species of
Rhipidomella which he collected 15 feet below the Mount Kindle-

Franklin Mountain contact. He indicates that these fossils have
affinities with Lower Silurian fossils of Ontario. However,
since the lower beds of the overlying Mount Kindle are now known

to be of Uppef Crdovician rather than Middle Silurian age as
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once thought, the Franklin Mountain formation is Upper Ordo-

vician or older.

In only one section (RED-2-59-2) were Middle Ordovician
sediments identified. Identification was based on fossils
collected in the lowermost 100 feet of the exposed Ordovi-

- cian at RED=2-59-2 and it is lithologically identical to Up-
per Ordovician sediments. These Middle Ordovician sediments
are included in the Franklin Mountain formation.

MOUNT KINDLE FORMATION: The Mount Kindle formation is the
upper formation of the Ronning group and is present through-
out the report area, except in the Norman Wells-Fort Norman
area where it has been removed by pre-Devenian erosion (see
Figure 9).

Thickness of the Mount Kindle formation is controlled by
pre-Devonian erosion. In the Franklin Mountains north of
Fort Norman, only the lowermost beds of the Mount Kindle are
present, or the formation is eroded entirely. Southward from
Fort Norman, the Mount Kindle varies between 600 and 800 feet
in thickness in the Franklin Mountains. Thickness is approx-

~imately the same along the Mackenzie Mountain front. Behind
the front ranges of tt - Mackenzie Mountains, the Mount Kindle
thickens and reaches a maximum thickness of 1,500 feet near

Wrigléy Lake (section INL~l, 2-59-2) and Redstone River (sec-
tion RED~2-59-2).

In general, the Mount Kindle formation may be divided into
a lower, fossiliferous coral zone and an upper, less fossil

iferous zone. The fossiliferous coral zone in the lower beds
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of the Mount Kindle formation is the "Niagaran™ coral zone of

most previous workers, now known to be Upper Ofdovician in
age.

Coral zone thickness varies between 40 and 300 feet. The
conformable lower contact with the underlying Franklin Moun-
tain formation is obvious and abrupt, but the upper limits
of the coral zone are usually gradational into the upper,
less fossiliferous beds of the Mount Kindle. Average thick-
ness of thg coral zone is between 100 and 200 feet.

The‘co;al zone is composed predominantly of dark grey, fihef

. 1y crystalline, often cherty dolomite with abundant fossils. L
Fossil content varies from scatered solitary corals to as '
much as 60 to 70 percent coralline material (e.g. CAPMS-59-2).

Fossils found within the coral zones include several spe-

cies of Catenipora, Manipora sp., several species of Paleo-

phyllum, Paleofavosites sp., Homoeospira sp., Halvsites sp.,

and Plasmopora sp. Borden (see Bell, 1959) discusses the Up-

per Ordovician fauna of the Mount Kindle formation in some

detail.

The upper, sparsely fossiliferous beds above the coral zone
average 500 to 700 feet in thickness, with a maximum of 1,200
feet present near the Keele River (INL-1-2-59~2). The upper
beds of the Mount Kindle are predominantly finely crystalline, v}“\
light grey dolomites, occasionally cherty, usually only sparse-
ly fossiliferous to unfossiliferous.
At several localities, the upper beds of the Mount Xindle

contain light grey, fine tc medium crystalline, coralline



dolomite which may represent reefal sedimentation.
The Ronning group in the report area is equivalent to the

upper part of the Cambrian-to-Silurian graptolltlc shale facies

of the Rlchardso//Mbuntalns, although exact correlation is not

possible. Southward from Wrigley, the Ronning group is equivalent
to the lower beds exposed at the Lone Mountain formation type
section on Lone Mountain, plus at least part of a thick se-

quence of dolomigg which is known to exist below beds exposed

at the type section of the Lone Mountain formation.

Source and Reservoir Rocks.~The Mount Kipdle formation is the
more prospective formation of the Ronning group. The coral
zone at its base is porous in some outcrops and may provide
suitable reservoir rocks in the subsurface of the Mackenzie
Plain.

The upper beds of the Mount Kindle may be prospective if reef
bodies, suggested in outcrop, can be located in the subsurface.

No porosity was observed by the author in the Franklin Moun-
~tain formation, but Bell (1959, page 14) describes the lower
beds of the Franklin Mountain as being so porous as to be cave-
forming at several localities in the Wrigley area.

No source beds were observed in the Ronning group.

Palaeogeography.-Following Cambrian time, Lower Ordovician

sedimentation was confined to the deeper synclinal trough which
existed well to the west of the present-day front ranges of the
Mackenzie Mountains. It seems likely that gradual expansion of
the Lower Ordovician sea continued through Middle Ordovician

time, and by the close of Middle Ordovician had reached the
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western edges of the report area.

Early Upper Ordovician time saw a very rapid advance of the
sea over large parts of the craton and the Franklin Mountain
carbonate was deposited over large areas. The early Upper
Ordovician sea extended onto the craton at least as far east
as Great Bear Lake, while to the west, in the western Macken-
zie Mountains, graptolitic, deep-water sediments were deposit-
ed in the syncline.

Conditions in late~Upper Ordovician time were such as to sup-
port widespread coral growth as evidenced by the lower, coral-
iferous beds of the Mount Kindle formation. The upper beds of
the Mount Kindle contain coralline, possibly reefoid zones which
grew between late-Upper Ordovician and late Silurian. It is
possible that these zones were contemporanecus with late Sil-
urian erosion at other localities within the report area.

The entire report area became very gently positive for at least
part of the Upper Silurian time and likely for the early part cof
Lower Devonian. Erosion was not severe, howevef, and no major

amount of previously deposited sediments was removed.

Lower Devonian

Distribution.~Lower Devonian sediments are confined to one

formation, the Bear Rock. Outcrops are poorly exposed in the
Franklin Mountains but occasionally, good sections occur in
the front range of the Mackenzie Mountains. Bear Rock corre-
lations are shown in the fence diagram of Figure 10.

Contacts.-At its type section, Stelck (in Hume, 1954, page 21)
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- -In Carcajou Canyon, the contact is sharp (Hume, 1923a), and near
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states that the Bear Rock formation is overlain conformably and
transitionallyvby Middle Devonian limestone at Bear Rock. This

- transitional contact is not uniform throughout the area, however.

" ‘Moon Lake (section MLN-1-59-2), in the northwestern corner of
’the study area, the upper contact is similarly abrupt.

The lower contact of the Bear Rock formation in the Norman
‘Wells area is abrupt and disconformable. About five miles
south of Mahony Lake, at inspected locality SML-1-VL-2, the
Ronning group is overlain by 20 feet of conglomeratic sand-
stone, containing chert and quartz pebbles. This clastic
very likely is equivalent to a sandstone and gquartzite sand-
stone unit described by Hume (1954, page 21) as occurring be-
tween the Bear Rock and Ronning formations in Canyon Creek,
near Norman Wells.

In the southern part of the area, the lower contact is less
obvious. In the Franklin Mountains, it is almost always cov-
ered and it is placed at the base ¢f gypsiferous limestones
in the lower part of the Bear Rock formation. In the Macken-
zie Mountains of the southern tart of the report area, the |
lower contact is arbitrarily placed at the base of brecciated
Bear Rock carbonates.

Lithology, Correlation and Thickness.~The name, Bear Rock,

was first applied by Canol geologists to the predominantly
brecciated and unbedded, often gypsum-bearing limestones be-

low the Ramparts (i.e. Hume) formation and above the Ronning

group. The Bear Rock formation and'its equivalents as used
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in this report consist of several associated but distirctly
different facies. These facies are shown in Figure 11.

In the general area north and east of the Franklin Moun-
tains between Wrigley and Sans Sault Rapids {70 miles north-
west of Norman Wells), the Bear Rock contains abundant gyvpsum
and anhydrite. Evaporitic sediments are usually confined tc
the lower half of the formation, but at some localities, gyp~
sum forms 75 to 80 percent of the formation, interbedded car-
bonates are commonly bedded, and brecciated carbonates are not
abundant. West of Norman Wells, the evaporitic facies extends
southward from the Franklin Mountains into the Imperial Range.

The brecciated facies covers large areas in the Mackenzis
Plain, the Mackenzie Mountains and parts of the Franklin Moun-
tains. Where this facies exists, the formation is composed
predominantly of brecciated, grey, fine~grained, unfossilifér—
cus carbonates. Limestones are most common, but dolomites are
abundant ih some sections. Bedded carbonates are not common
within the area of this facies.

The third facies is one of normal bedded carbonate which, as

the Bear Rock is traced southward from Wrigley and westward

from Sans Sault Rapids, graduallj replaces the brecciated car-

"bonate facies.

In the viéinity of Moon Lake, East Mountain and Imperial
ranges (section MLN-1-59-2, IA-I-59-2, énd GMS-59-2) the aver-
age thickness is LO0 to 500 feet. Westward from this part of
tke report arsa, brecciation dies out and near the Arctic Red

Rive: the formation thins to 350 feet. No equivalents have been
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recognized in the Bonnet Plume River area or in the Ogilvie
Mountains.

In both the Franklin and Mackenzie Mountains, between the
East Mountain area and Keele River, thickness is remarkably
uniferm and varies between 400 and 600 feet. South of Keele
River, a marked increase in thickness is noted.

In the western part of the area south of the Keele River
(section INL-3-59-1) about 1,500 feet of occasionally brec-
clated carbonates are present.. Farther south, at section RED-
2=59-~2, similar rocks are 3,000 feet thick. Bassett (1960,
oral presentation at First International Symposium on Arctic
Geology) indicated that the Bear Rock is 6,000 feet thick in
the upper Redstone River area, west of the report area.

In the Franklin Mountains near Wrigley, the formation is
between 1,100 and 1,300 feet.

In the southernmost part of the report area, and in the
area to the south covered by Lowther (1958), the term "Lone
Mountain formation"™ is applied to a thick, unfossiliferous
dolomite sequence underlying fossiliferous Middle Devonian
limestone. Originally described by Kindle and Bosworth (1921,
,page L4B) on Lone Mbuntain near the mouth of the North Nzhan-
ni River, the term, Lone Mountain formation, was applied to
1,550 feet of magnesian limestone withk 50 feet of dark grey
limestone containing Silurian (Niagaran) corals at the base.
The base of the formation is not exposed at the type section

on Lone Mountain.. The term has been generally accepted in the

Lone Mountain area and is now applied to a thick sequence of
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Ordovician-Silurian carbonate below the fbssiliferous Middle
Devonian 1imestones.-

Williams {1923, page 80) correctly correlated the "Nia-
‘garan™ fossils in the lower 50 feet of Kindle's Lone Moun-
tain type section to the Mount Kindle formafion of the Up-
‘per Ronning group in the Franklin Mountains of the Wrigley
area. Hoﬁever, he also infers corfelation ofkthe overlying
1,500 feet of magnesian limestones at Lone Mountain to rocks
between thé Mount Kindle formation and Middle Devonian lime- -
‘Stones near Wrigley. It is more likely that the uppermost
beds of the Lone Mountain formation at its type section are

‘Middle Devonian in age and represent the lower beds of the
}Hume formation of the Iverson Lake and Wrigley areas and
farther north. .The Bear Rock equivalents at Lone Mountain

~are contained in the reméinder of the 1,500 feet of magne-
sian limestone overlying the "Niagaran" coral zone, although
‘the beds immediately overlying the coral zone are probably
of the same age as thé coral zonme itself.

'The Lone Mbuhtain‘formation sometimes cohtains thin, brec-
#iated zones in its upper 1,000 feet south of the report area,

 _va1though_it“is not reported as brecciated at 'its type section:
-on Lone Mbuﬁtain, nor does it contain brecciated zcnes in the

| northern end of the Camsell Range (section CRS-1-59;2).

Source and Reserveir Rocks.-The Bear Rock formation is the.
'most-porqﬁs“fbrmation in the report area. Porosity is almost

 a1ways;presenp_in varying degrees and amounts in outcrops and

'in several sections, bitumen infills pore spaces. No hydro-
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carbons have been recovered from the formation by drilling,
but several wells yielded flowing water, which attests to
porosity in the subsurface. In some instances, porosity
has been destroyed by anhydrite irfilling.

Porosity is proportional to the degree of brecciation.
Negligible porosity is present in the predominantly unbrec-
ciated facies in the southern part of the report area.

The large lateral extent over which the porous Bear Rock
formation is known to exist makes it highly prospective as
a reservoir rock in an area known to contain hydrocarbons.

-‘Paleogeography.~-As the seas began to flood the craton in

the latter part of Lower Devonian time, evaporite pans form-
ed over much (or all) of the area paralleling the edges of
the craton (e.g. north of Mount St. Charles and in the East
Mountain-Moon Lake area). Limestone and dolomites also form-

ed contemporanecusly and evaporites and chemical limestones

form a complex which varies in composition between localities.

Seaward (i.e. westward) from the edge of the craton, bedded
carbonates become more and more abundant. In the Arctic Red
River area to the west and in the southern part of the report,
normal bedded marine carbonates form the Bear Rock section.

~ The brecciated naturé of the Bear Rock sediments has been
explainéd by several theories. The theory favored by the au-
thor is oné of solution of the evaporites and resultant col-
lapse and brecciation of theIOVerlying beds. Volume change
from anhydfite to gypsum may have also played an important

part in the brecciation process. The great extent over which
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brecciation exists in Bear Rock sediments would, however, re-

quire removal of fantastic amounts of evaporites to create the

brecciation present to-day within Bear Rock sediments.

Middle Devonian

General Statement.-This report esSeptially follows the
correlation and terminology as presented by Bassett (1960,
oral presentation at First International Arctic Symposium) who,
in the author's opinion, has come closest to solving the
‘Middle Devonian correlation problem of the Norman Wells area.
For this report, Middle Devonian sediments have been di-
vided into four formations. 1In ascending order, they are
the Hume, Hare Indian, Kee Scarp and Cancl formations. The
upper three are combined to form the Fort Creek group.

Distribution.-Middle Devonian sediments occur throughout

the report area. In both the Franklin and Mackenzie Moun-

'tains, Hume exposures are common and relatively complete. \;J
Hume exposures in the Mackenzie Plain are confined to the

Imperial and MacKay ranges. Good outcrops of the Fort Creek

.group are rare but occasionally good sections are available

in the front ranges of the Mackenzie Mountains. Partially

complete sections 6f Fort Creek shale exist along stream

valleys in the Mackenzie Plain and in stream cuts along the

south side of the Franklin Mountains. The Kee Scarp forma-

tion of the Fort Creek group is not found south or east of

Norman Wells. Its reefal nature resulted in rapidly vary-

ing thickness, with the result that Kee Scarp ocutcrops are

sporadic. Kee Scarp outcrops are exposed in the Franklin
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Mountains between Norman Wells and Sans Sault Rapids, and
also in the Imﬁerial Range on the west side of the report
area.

Contacts.-The lower contact of the Hume formation has been
described by Stelck (in Hume, 1954, pége 21) as gradational
at Bear Rock. However, in many places in the report area,
the contact is sharp, although no direct evidence for a dis-
conformable contact is visible.

The contact of the Hume and Fort Creek group is conform-
able. At all localities inspected by Party 59-2, this con-
tact was abrupt and sharp, but nowhere was there any evi-
dence of a disconformity.

Within the Fort Creek group, no obvious disconformities
have been identified between the formations. The Hare In-
dian-Kee Scarp and Kee Scarp-Canol contacts are conformable.
Within the Kee Scarp itself, it is possible that a short
period of erosion did exist between deposition of the upper
and lower beds. The relationship of the Kee Scarp to its
enclosing formation is far from simple and is not fully
understood.

The Canol-Imperial (i.e. the Fort Creek group-Imperial)

contact appears conformable, although it is not often ex-

posed.

In 1950, Warren andetelck (page 139) published a paper
suggesting a major unconformity during late Middle Devonian
time. To quote Wgrren and Stelck:

"In the field the (Upper Devonian) Fort Creek
shales are found directly overlying three dif-




ferent formations, the Beavertail for-
mation, Ramparts formation, anc Hare
Indian formation.... This bevelling be-
low the unconformity is most marked be-
low Fort Good Hope ... and elsewhere on
the Arctic Slope.....”

Bassett, 1960 (oral presentation at the First Interna-
tional Arctic Symposium), has shown that such is not the
case and that such widespread bevelling did not exist.
The Hare Indian and lower Fort Creek shales are the same
unit rather than separate units as suggested by Warren and
Stelck. The prime reason for the confusion is the fossil

zone of Lieoryhnchus castanea which, until Bassett showed

it “to be of pre-Stringocephalus age, was considered as

post-Stringocephalus in age.

Lithology, Correlation, and Thickness.-A fence diagram,

Figure 10 (in pocket), summarizes general lithologies and
correlations.

HUME FORMATION {BASSETT, 1960)}: The Hume formation is
the lowest Middle Devonian formation. In the Franklin and
Mackenzie Mountains north of the Keele River, it averages
400 to 550 feet in thickness and is composed of light to
dark grey, finely to sparsely fossiliferous limestone'with
interbedded dark grey shales. In many of the sections north
of the Keele River, the upper and lower parts are predominant-
ly lihestone with the central beds containing much more in-
terbedded shale. Minimum thickness in the repor” area is in
the Norman Wells-East Mountain area of the Franklin Mountains
where thickness averages 200 to 300 feet. Major facies and

isopachs of the Hume are shown in Figure 12.
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s South of the Keele River, the formation thickens notice-
B ‘ \ }ably and is about 800 feet thick in the Wrigley area. West

f“”l. | of Wrigley, in the Mackenzie Mountains (section CCK-1-59-2),
it reaches its maximum thickness of 1,400 feet. Near and
west of Wrigley, lithology is similar to that at Norman Wells
although it contains less shale. Neither are the shale beds
configed-tO'the central part of the formation. Southward

;ffv : | from'Wrigley,,shale,bands disappear entirely and the forma-

| tion forms a massive limestone unit. -

‘Throughout the report area, stroﬁatoporoid buildups are not
uncommén. These stromatoporoid remains are usually very dif-
ficult to recognize and they are quite possibly more abundant

= than is apparent. Nome of the stromatoporoid beds exhibits
any porosity in outcrop. In several instances, pelletoidal
iimestone beds were identified and it is likely they are much
more common than would appear on cursory examination.
The Hume formation has equivalents in the Anderson River -
_ area and parts of the northern Yukon. “At,some localities,
EhowéVer,‘the‘Middle Devonian is eroded within these regions.
 SouthWardufrovarig1ey, it is eguivalent to the Nahanni forma-
-tion of the North Nahanni River area, and to the lower two-
thirds of the Pine Point formation of Gfeat Slave Lake.
'Several faunal gzones occur which are worthy of note. At

‘the base is the Schuchertella nevadensis 2zone.

In the upper

Hume, a Productella sp. zone exists which, although it con-

tains more than one species of Productella, forms a distinc-

tive faunal zone.
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HARE INDIAN FORMATION (KINDLE AND BOSWORTH, 1921): The Hare

Indian is the lowest formation of the Fort Creek group. It
_v; is composed of shales which vary slightly in lithology from
place to place.

The type section, as defined here, is on Thunder River, 120
miles downstream from Good Hope, and is the old type section
of the Fort Creek formation as defined by Kindle and Bosworth
(1921, page 47). In this area, Hume (1954, page 34) described
a L5-foot thick petroliferous basal sand. No such basal sand
was observed in the report area.

In general, the Hare Indian is a greenish-grey to dark grey,
often calcareous shale, sometimes bituminous. In some places
v it is formed almost entirely of dark grey to black shales and

| at other localities contains abundant argillaceous limestone.
At Mountain River and Powell Creek, near the west side of
the report area in the Mackenzie Mountains, it is 350 feet thick
and consists of dark grey, commonly silty shales with some ar-
gillaceous limestone and thin, bituminous shale zones near the
base.
Northward from Powell Creek, in the ImperialRange and at
East Mountain in the Franklin Mountain area, thickness in-
creases to 700 feet. Here, it is typically greenish-grey
to grey-brown and contains abundant argillaceous limestone.
Silty, argillaceous limestones are especialiy weli-developed
jif‘ at East Mountain.
Near Norman Wells, it averages about 500 feet in thickness,

’ and is composed of dark grey to black shale, occasionally
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bituminous and sometimes burned bright red.

Southward from Norman Wells, where the Kee Scarp limestone
is not developed, it is difficult to separate the Hare Indian
and Canol formations, and for this report, ™Fort Creek group®
is preferred in areas where the Kee Scarp is missing. South
of Norman Wells, the Fort Creek group increases in thickness
westward into the Mackenzies and thins eastward towards the
interior plains. Maximum thickness in the southwestern part
of the area is 1,500 to 2,000 feet. Figure 13 is an isopach
and general facies map of the Fort Creek group.

The calcareous content decreases markedly south of Norman
Wells and dark grey shales with minor limestone stringers
make up the Fort Creek group.

XEE SCARP FORMATION (BASSETT, 1960): The term "Kee Scarp
limestone" was first used by Canol geologists and applied to
the limestone unit which they considered as the middle member
of the Fort Creek formation. As used here, Kee Scarp forma-
tion applies to the same limestone unit but the urnit is rais-
ed by Bassett to formational status.

At Norman Wells, the Kee Scarp limestone is composed of a
lower, bedded limestone unit, varying between O and 160 feet
in thickness, and an upper, predominantly reefoid limestone,
which is in excess of 400 feet at some locations.

The lower, or platform, beds are well tedded, finely crys-
talline limestones. They are present at almost all inspect-

ed localities and drilled wells north and west of the line

which marks the southern and eastern limits of Kee Scarp oc-
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currences. It was these platform beds which provided a base

for the upper Kee Scarp reefs.

The upper reef zone varies rapidly in thickness between lo-
f'i' " calities and is not nearly so widespread as are the platform
e beds. Reefs are composed of corals, stromatoporoids, bryozo-
ans and coral sand, and rapid lithologic variations, both ver-
tical and horizontal, are common.

Porosity in outcrop is usually poor to negligible in Kee
Scarp reefs. However, the producing reef at Norman Wells is
reported to have good porosity and it is likely that porosity
in surface outcrops of Kee Scarp reefs has teen destroyed by
surface cementation.

The Kee Scarp is present in the Franklin Mountains between
e Norman Wells and East Mountain. It‘also crops out in the

| area of Moon Lake, but here reefoid beds are usually poorly

developed. In the Imperial Range, thick sections crop out
in the western half of the range but noc Kee Scarp limestones,
t;' either platform beds or otherwise, exist in the eastern end
| of the Imperial Range. No Kee Scarp beds occur in the Mac-
kenzie Mountains in the report area.

Fossils identified by the Geological Survey of Canada for
Party '59-2 suggest that the upper beds of the Kee Scarp may
be Upper Dewvonian. Bassett, however, correlates the lower
and upper beds of the Kee Scarp to the Presqu'ile formation
and Slave Point formation in the Great Slave Lake area re-
spectively. The lower beds of the Kee Scarp contain tne well-

. ‘l’ known Stringocephalus bertini fauna, allowing definite cor-
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relation of this horizon.

CANOL FORMATION (BASSETT, 1950): The name, Canol forma-
tion, has been applied to dark grey to black, commonly ditu-
minous shales which overlie the Kee Scarp formation. It is
closely associated with the reefs of the Kee Scarp and where
the Kee Scarp is thick, the Canol formation is thin, and vice
versa.

In some sections, the Canol formation is missing (e.g. MTN-
1-58-1). At most localities, however, it is between 100 and
200 feet thick. It is very difficult to separate the Canol
from the rest of the Fort Creek group when the Kee Scarp is
missing, and it is therefore preferred to use the term "Canol"™
only in the area where Kee Scarp exists.

The Canol is tentatively correlated to the Spence River shale
of the Great Slave Lake area. Its age is assumed as Middle
Devonian, but no evidence has been presented as yet to prove
this assumption. It does seem, however, that the black, bi-
tuminous shales are more closely related to Middle Devonian
rather than Upper Devonian sediments.

Source and Reservoir Rocks.-The Hume formation contains no

indication of important porous zones throughout most of the
area. Small stromatoporoid reefs which occur in the Hume
throughout most of the area may provide localized traps in
the subsurface.

The bituminous nature of some beds within the Hare Indian

and Canol formations, coupled with their wide lateral ex~

tent, make these formations especially favorable as source
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rocks.

The Kee Scarp formation, which contains large, thick, bio-
hermal reefs, is the most important potential reservoir rock
in the area. The Norman Wells field produces from a XKee Scarp
reef and it is likely that similar oil reservoirs exist in
the general Norman Wells area.

Paleogeographv.-If the seas withdrew from the report area

following Lower Devonian Bear Rock sedimentsiion, it was only

for a short time. The early Middle Devonian sea onlapped the
craton over large areas and extended from the trough in the
west across the entire report area and likely had its east-
ern shoreline somewhere in the vicinity of Great Bear Lake.
Carbonate and shale were deposited simultaneously, depending
on local variation in depositional environment. Coraline and
stromatoporoidal reefs developed in local areas. Small
stromatoporoid buildups in the Hume formation show no ob-
vious trend and occur throughout the area. Lack of shale
and the abundance of marine limestone within the Hume for-
mation in the southern part of the area may indicate car-
bonate bank deposition in the southern limits of the area.

Deposition of Hume carbonates terminated abruptly and con-
ditions suitable for shale deposition were widespread. In
the Norman Wells-Sans Sault area, calcareous shales are much
more common, possibly an early indication of a gentle uplift
which initiated Kee Scarp carbonate sedimentation.

Although it is likely that the Xee Scarp carbonate depos-

ited on a gentle positive, the relationship of the known
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reefs to the trend of the high is uncertain. It is believed
that a high existed in the Good Hope area, but present knowl-

edge of the extensions of this high is vague.

Kee Scarp deposition began with the development of lower,

bedded "platform beds™. Where conditions were favorable,
reef development began following platform bed deposition.
It is possible that erosion may have removed the platform
beds in some areas, preventing later development of the up-
per Kee Scarp reefs.

Shale was deposited in the inter-reef areas and farther
south, where no reefs developed, shale deposition was con-
tinuous from the Hare Indian into the Canol equivalent.

Kee Scarp reefs were probably initiated and controlled by
local relief on the sea floor. They likely caused at least
some of the restrictions which resulted in euxinic conditions,
prevalent during deposition of the partly contemporaneous Ca-

nol formation.

Upper Devonian

General Statement.-Upper Devonian sediments are confined to

one formation, the Imperial, and are present throughout most
of the report area. The name was first suggested by Link and
has its type section 10 miles southwest of the confiuence of
the Imperial and Carcajou Rivers.

Further refinement of the Imperial formation was undertaken
by Bassett (1960, oral presentation at First International

Arctic Symposium). As defined by him, the base of the Imperial
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formation was lowered to include nonbituminous, silty shale
beds previously placed within the upper part of the Fort Creek
formation.
Generalized isopachs and major facies distribution are shown
in Figure 1l4.

Distribution.-The Imperial formation is present south and

west of the Mackenzie River within the report area. It also
occurs in scattered outcrops between the Norman Range and the
Mackenzie River from Bear Rock northward to and beyond Norman
Wells.

North of the Norman Range no outcrops of Upper Devonian strata
were inspected and it is highly doubtful that an Imperial for-

mation equivalent is present. On Great Bear River, a few miles

east of Mount St. Charles, Hume (1954, Map 10324, Sheet #1)

mapped Imperial outcrop and it is highly likely that Imperial
strata exist southward along the east side of the Mclonnell
Range of the Franklins. Along the Willowlake River, on the
east side of the McCcnnell Range, a thick sequence c¢f Devon-
ian shale contains Imperial equivalents in its upper beds.
Contacts.~In all sections where the Canol-Imperial contact
is exposed, it appears conformable and is usually abrupt.
The contact is delineated by an abrupt change from black, bi-
tuminous shale of the Canol to the greenish-grey, silty shale
of the Imperial. The lower beds of the Imperial (i.e. those
previously placed within the Fort Creek formation) are unfos-
siliferous and assignment of these beds to the Imperizal is

based on lithology.
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The upper contact with the overlying Cretaceous is discon-
formable. In the northwestern corner of the repcrt area, the
formation is badly eroded or entirely missing due to pre-Cre-
taceous erosion. The upper contact is marked by a 20-foot
zone containing pebble conglomerates and quartz sands.

Lithologv, Correlaticn, and Thickness.-The Imperial forma-

tion is composed predominantly of soft, sandy shales and silty
sandstones, dark grey to grey-green in colcr and contains mi-
nor limestone beds in the southern part of the area, with lime-~
stone content increasing southward.

Along the Imperial River immediately north of the Mackenzie
Mountain front, Laudon (1950} described a nearly complete sec-
tion of the Imperial formation (Party 59-2, section IRS-2-59-2)
which has been generally accepted as the type section of the
Imperial formation. Interbedded sands and shales occur in ap-
proximately equal amounts, although no sands are present in
the upper 4LOO feet. Sands are very fine to fine-grained and
vary from medium grey to green-grey. Shales are commonly
dark to light grey and weather light grey to green-grey. At
its tyvpe section, about 1,900 feet of the Imperial formation
is exposed. Although the base is covered, it is not thought
to be far belcw the exposed portion of the section.

At Fort Norman, Stelck describes no Imperial formation
a3 being present in the Bluefish No. 1A well. It is known to ex-
ist in the immediate wvicinity, however, and it is likely that
the upper 757 feet of his Fort Creek formation belongs to the

Imperial formation, as defined by this report.
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At the same locality, a silty limestone known as the Jungle
Ridge limestone is developed in the lower beds of the Imperial
formation. It cccurs in cutcrcp at Jungle Ridge and was en-
countered in the Bluefish No. 1A well. It had previously been
ccnsidered as cccurring within the Fort.Creek group.

Hume (1922, page 70) mapped the area in the vicinity of the
Root and North Nahanni Rivers, immediately west of the Mac-
kenzie River. Overlying his "Shale Zone No. 1" (which he in-
dicates is Simpson-Fort Creek shale equivalent), Hume has an
alternating shale and limestone sequence, 800 to 1,100 feet

thick which he calls the "Leiorhynchus zone™. The Spirifer

disjunctus faura which it contains indicates that it is equiv-
alent to the Imperial formation at Norman Wells. The exact
limits of the zone are nct defined, and it is possible that
the lower part of Hume's "Shale and limestone unit® overlying

the "Leiorhvynchus zone™ may be equivalent to the upper part

of the Imperial formation.

Imperial reefs west of the Camsell Rénge, several miles
northwest of Wrigley occupy the crest of a topographic high
and form small, cliff-sided mesas. These reefs, approximate-
iy 100 feet thick, wsre in the middle to upper part of the Im-
perial formation equivalent and have also been described in

the Leiorhvnchus zone by Hume near Root River (Hume, 1G22,

page 72).

Source and Reservoir Rocks.-The Tmperial sandstone and shale
Séquence constitutes a zone which contains oil shows in the

Norman Wells area where the sands were penetrated by subsurface

. w3,
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Franklin Mountains, and the Cambill Range in the Mackenzie
Mountains deserve special mention. These three ranges are
iikely associated with a major shear zone which is almost

perpendicular to and cuts both the Franklin and Mackenzie

~ ¥sumvains. Although the Gambill Mountains are a relatively

#3mle fault block, the Mackay Range and Bear Rock are very
badly deformed. The Mackay Range is not in direct alignment
betweeﬁ the other two ranges, but it is likely associated
with the same _shear zone. The southwesﬁern limit of this
gone cannot be traced far behlnd the front of the Mackenzle
Mountains, and the northeastern limit cannot be followed be-~
yond Mahony Lake.e |

Surface expressed anticlines and synclines in the immedi-
ate vicinity of this shear zone are perpendicular to the re-
gional trend of the Franklin and Mackenzie Mountains, and are
~ very close tc paralleling the direction of the shear zone.

The Mackenzie Mountains are divided by Bostock into two
physiographic.subdivisions: namely, the Canyon and Backbone
Ranges."In the northern part of the Mackenzie Mbunteins,
the Canyon Ranges and eastern parts cof the Backbone Range
are included in the region of moderate deformation. South~-
ward, fewer and fewer of the Mackenzie Mbuntains‘are:includ-
ed in the moderately’deformed zone until, at Root River, only
the eastern parts of the Canyon Ranges fall within this re-
gion.

Region of Severe Deformation.-No line may be drawn exactly

delineating the change‘from moderate to severe deformation.
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Rather, the change is gradual. The region of severe defor-
mation in the Mackenzie Mountains is confined to the south-
western parts of the Backbone Ranges in the western side of
the report area. Southward, however, in the Root River area,
the region of severe deformation inciudes a2ll the Mackenzie
Mountains, with the exception of the outer parts of the Can-
yon Ranges.

‘West of the Mackenzie Mountains are the Selwyn Mountains,

‘also included in the region of severe deformation.

Age of Deformation

'As far as may be determined, 6nly one majoriperiod of orog-
eny (Laramide) has affected the report area, although several
periods of uplift and erosion have modified the stratigraphic
‘sequence as it exists to-day.

There is poor evidence to suggest that a large, broad, gent-
ly.positive feature expressed itself from time to time in the

area between Norman Wells and Fort Norman. It is in this area
‘that pre-Devonian erosioh‘removedxmost or all of the Mount
Kindle formation. In the same viciﬁity, the Imperial forma—
tidn'ﬁas also been strongly eroded by pre-Cretaceous erosion.
.Pfesent-day outérop‘patterns indicate that to the north and
east of the area of méximum‘pre-Devonian erosion there is a
northeast trending, gentie, but obvious, structural high on
.which Ordovician strata form the surface bedrock.

Age dating of igneous rock (Baadsgaard, et al, 1960, oral

presentation at First International Symposium on Arctic Geol-

- ogy) has indicated that Devonian intrusives are present to
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the west of the report area. in the Selwyn Mountains, suggest-
ing extensive orogeny and granite emplacement at that time.

No Caledonian folding is indicated within the report area.
South of the report area, at Shell Liard No. 1 well, nephe-
liné‘syenite from a known basement high indiéated a Precambri-
an age. ,Baadsgaard, however, presented evidence to suggest
that this age}may be in error, and may be of the same age as
‘nepheline syenites found in the mountains to the west which
indicate a.Caledonian age. g |

-Interpfetation of Regional Structure.-Structure in the Frank-

1in and Mackenzie Mountains is markedly different from the
structure of the eastern Rocky Mountains of southern Canada.
In many places in the Franklin and Mackenzie Mountains, fold-
ing, rather than faulting, is the dominant structural feature.
| ‘To explain the great difference in structural features be-
tween the Rocky Mountains and the eastern part of the Macken-
zie Mountains, including the Franklins, Dowling (1922, page 85)
points ouf that "the Alberta mountains are formed from the
~ fractured and folded extra thick beds of the western part of
this (Rocky Mbuntain) geosyncline" whereas *the northern. moun-
tains, 6n the other hand, are formed from much thinner depos-‘
~its ‘that overly ﬁhe'Precambrian and they present phenomena
which suggest ﬁhat in their formation a comparatively thin
sheet of the stratified crust was crumbled by compressive

strain.?

As pointed out by Goodman {page 348), the foreland of the

:Mackénzié7Mbuntains is under basement control. In the centre

~ of the geosyncline, to the west, the underlving basement com~
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:plex is‘probab1y broken so badly as not to have ény effec-‘
‘tive strength. Thus in the main ranges, basement control
hés very little effect.

If, bearing in mind Dewling's concept, it is ccnsidered
that it was the basement in the eastern part c¢f the Macken-
zies that transmitted comprzssive stress, and that the beds
overlying the basement tcok up the resultant shortening, then
‘this‘is the "basement control™ concept of the foreland area,
‘as suggested bybGoodman.(page 348).

‘”"Goodman (page 350) presents the following explanation to
~account for the marked difference between struéturél patterns
north and south.

"In the Mackenzie region, pre-existing weaknesses
in the crystalline basement permitted the shorten-
ing to take place over a belt some 160 miles wide.
This wide distribution resulted in comparatively
gentle structures both in the main mountains and
in the foreland. In the foreland, the basement is
block-faulted and a similar condition may well be
present beneath a part of the main ranges. OStress
intensity apparently never reached the overthrust-
ing stage."

"In the Rocky Mountains region, all the shortening
took place in the mountains and foothills. The
plains area is comparatively undisturbed. At Banff, -

. the mountains and foothills belt is about 70 miles
wide. If the total crustal shortening is of the
‘same order as that in the Northwest Territories, it
is apparent that intensity of structural disturbance
:shculd be much greater in this narrower belt. It
also appears that the Rocky Mountain geosyncline was
narrower but deeper than that of the Mackenzie Moun-
tains.™

‘Local Structures of Possible Economic Value

General Statement.-Anticlines are numerous In the report

'area.and,«although there are too many to discuss all of them
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individually, an attempt is made to describe the most pros-
pective of them. All of the known prospective structures oc-
cur in the Mackenzie Plain.

Undoubtedly many more prospective anticlines exist in the
Mackenzie Plain which have not as yet been recognized. Out-
creps in the Plain are confined to poor exposures in creek
beds. In the Mackay Mountains area, Tertiary strata blanket
the Cretaceous of the Mackenzie Plain, thereby obscuring pre-
Tertiary structures expressed in Cretaceous strata.

The structures discussed in the following pages are listed from
south to north and not in order of importance.

Root River Anticline.-The Root River anticline is subparallel

to the Mackenzie River and is immediately north of the mouth
of the Root River. The anticline was first mapped by Hume in
1922. |

Location:  123°25'W, 62°30'N

) Length: Ten miles
N Width: Five miles
! Strike: N1Q°E <

Fiank Dips: Approximately 25° to 40°¥ and 15°E

Plunge: Plunge of the north and south ends
of the anticline is not as yet
established. Southern end of the
anticline is terminated against the
Camsell Range.

Exposed beds:Middle Devonian Fort Creek group.

Photogeology suggests that the area in the immediate vicin-

ity of the Root River anticline is more complex than suggest-

ed by Hume'’s (1922) Map. However, outcrop is sparsé and photo-

geologic evaluation of the anticline is uncertain.
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Wrigley River Anticline.-The feature was originally mapped

by Monnett (in Hume, 1954, page 80) and is actually a doubly
crested anticline. It is parallel to and is immediately north-
west of the northern end of the Camsell Range.

Location: 123°50'W, 63°10°'N

Length: Four miles

Width: Six miles {includes both crests)

Strike: N30°E

Flank Dips: 12°NW, 9°SE; syncline flanks between
' anticlinal crests dip inward at 1° to 3°.

Plunge: " Plunge has not been determined and
little is known of the character of
the anticline except on the cross-
section along the river valley in
which the structure was originally
mapped.

Exposed beds:Upper Devonian Imperiai formation

It is likely that geophysical methods will be necessary to
provide further evidence on this feature.

Crescent Ridge Anticline.-The Crescent Ridge anticline is

the largest known anticline in the report area and has been
partially mapped by Bath (in Hume, 1954, page 77) and Dann
(1953). It is in the approximate centre of the Mackenzie
Plain and is subparallel to it.
Location: 123°A5'W, 63°207N to 125°00'W, 64L°00'N
Length: 60 miles

Width: Four to eight miles

Strikes: N30°W
Flank Dips: 5° to 25°NE, 10° tc 30°W

" Plunge: No directions of plunge have been deter-
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mined as yet, but it is likely
- that several plunge reversals occur
along strike of the axial line.

Exposed Beds: Upper Devonian Imperial formation in

its southern end; Cretaceous in its
northern end.

Johnson River Anticline.-This anticline is parallel to and

lies about three miles west of the Mackenzie River, approxi-
mately midway between the mouths of the Johnson and Blackwater
Rivers. Dann (1953) was the first to map this structure and
little is known of it. As shown in his Map No. 5, the anti-
¢line is about six miles long and two miles wide. It exposes
Upper Devonian Imperial formation on its crest. Nothing is
known concerning flank dips, plunge or closure.

Redstone River Anticlines.-At least four anticlines are
known to cross Redstone River in the region of the Mackenzie
Plain. One is the Crescent Ridge anticline already discussed.
The second is the Big Bend anticline which crosses Redstone
River, five miles upstream from its mouth. This anticline has
been tested (Redstone No. 1 well) as deep as the Upper Ronning
group but no hydrocarbons were recovered.

Two miles west of Big Bend anticline, Hannock (in Hume, 195k,
page 75) mapped another anticline which is called here Big Bend
West Anticline. Its presence is based on only two dips, and
nothing is known of plunge, closure or length. It exposes Cre-
taceous strata in its crest.

In Cretaceocus beds near the west side of the Mackenzie Plain,
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Hume discusses an anticline which crosses the Redstone River.
This anticline, here called the Cloverleaf Lake anticline, is
suggested from areal photos only and was not cbserved from sur-
face outcrop.

West of the Cretaceous basin, several folds were observed by
Hannock (in Hume, 1954, page 77) in Upper and Middle Devonian
rocks. Little is known of these anticlines, except that they
expose Imperial and ¥Fort Creek shales. They are on strike
with Mount Haywood and Hume feels that at least one of these
anticlines has no south closure. Details concerning closure
on the other two are unknown. This group of anticlines is

shown in Figure 17 as the Xaywood Mountain North Anticlines.

East Fork Anticline.-This anticline strikes perpendicular
to the main trend of the Franklin and Mackenzie Mountains and
is associated with the structural elements responsible for the
Gambill and Mackay Mountains.

Location: 125°55W, 6L°L5'N
Length: Six miles

‘Width: ‘ One to two miles
Strike: N6O°E

.Plunge: Unknown; northern end may be cut off
by a fault.

Exposed Beds: Cretaceous

This structure is the only known hydrocarbon prospect in the

vicinity of Mackay Mountains. However, Tertiary strata mask

most of the Cretaceous outcrops in this vicinity.

Halfway Anticline?.-The presence of this anticline is not

definitely proven. Concerning this anticline, Hume (195%,
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page 63) makes the following statements

"The north end of Halfway Islands in Mackenzie
River is 3 miles south of the mcuth of Vermilion
Creek. Between these places there are beds on
the west side of the river showing a reversal
from the normal southwest dip. There is a dif-
ference of opinion, however, about this supposed
Halfway anticline in that the reversal, based on
two outcrops within a distance of 100 feet may be
on beds that have been disturbed by ice action or
slump. The anticline, if present, is quite small
(Foley).m

Vermilion Gorge Anticline.-Some minor folds occur on the

S southwest flank of the Norman Range. One of the largest of
| these is exposed in the Fort Creek group on Vermilion Creek,
five miles from Mackenzie River, and apparently extends north-
westward to Prohibition Creek. Another fold occurs on Vermil-
ion Creek abouﬁ‘l% miles above the first, but there is not
sufficient information to suggest that it has any considerable
e magnitude. It is this second structure which was tested to the
| Cambrian by Vermilion No. 1 well.
Information on Vermilion Gorge anticline is as follows:

Location: 126°00'W, 65°07*'N to
126°15'W, 65°127N

'Length: Nine miles
= ‘ Widthe One~half tc three-quarter miles
- Strike: N50°W
Flank Dips: 5° to 8°N, 5° to 9°S
Plunge: Unknownj; anticline dies out in both

directions on a major homocline.

Exposed Beds: Fort Creek group

Loon Creek, Hoosier Ridge, and Morrow Creek Anticlines.-

. ' These three anticlines are in the vicinity of Norman Wells and
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all have been tested by unsuccessful wells. In view of these
wells, the structures are not discussed here, but are shown in
Figure 17.

Carcajou River Anticline.-The Carcajou River anticline has

been previously mapped as the eastern end of the Imperial an-—
ticline, but since it is separate from the Imperial -anticline
proper, it is considered separately. It is one of the major
features of the Mackenzie Plain west of Norman Wells. The
structure is several miles west of and subparallel to the
Carcajov River in front of the Mackenzie Mountains.

Location: 127°50'W, 65°05°'N to
128°30"W, 65°28'N

Length: Thirty-five miles

Width: Three to four miles at south end;
eight miles at north end

Strike: Approximately N45°W

Plunge: In general, plunge of the anticline is
to the southwest but at least two plunge
reversals are known and it is highly
likely that others exist.

Exposed Beds: Upper Devonian Imperial to Middle
Devonian Bear Rock

Imperial, Sammons, Rainbow Arch and Shavetail Anticlines.-

As can be seen from photogeology, the Imperial anticline is
far from simple in its structural makeup. Located on the west
side of the report area, it is the most prominent feature of
the Mackenzie Plain in this region. It is actually an east-
west striking anticlinorium which contains several unnamed an—
ticlines as well as the Sammons, Rainbow Arch and Shavetail

anticlines. These three anticlines are essentially eastward
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plunging noses of the main Imperial anticline, and although
they show no closure in their western parts, it is possible
that plunge reversal may occur to the east where the three
anticlines are overlain by Cretaceous sediments.

The major portion of the Imperial anticline is unprospec-
tive in that beds as low as lower Bear Rock (and possibly
Upper Ronning) are exposed in its crest. It is possible
that its eastward extension may be prospective where it is
covered by Cretaceous sediments, although no indication of

closure in this direction has been observed.

Carcajou RidgekAnticline.-Carcajou Ridge, located 45 miles

downstream from Norman Wells, is essentially an asymmetrical
east-west trending anticline exposing the Hume formation on
its crest. Although the anticline is not prospective on Car-
cajou Ridge, dip reversals may occur on its westward exten—
sion where it passes beneath the Mackenzie Plain.

Sans Sault Anticline.-On the west side of the Mackenzie

River at Sans Sault Rapids, two small anticlines are present
in Cretaceous. Dip of rocks upstream and downstream from
these anticlines shows that they are minor wrinkles on the
crest of a large anticline. Sans Sault No. 1 well was drille
‘ed on this structure but no hydrocarbons were discovered.
This structure is far from fully mapped and little is known
of plunge and closure. It is obscure on photographs, and all
that is known of it comes from surface reports by Canol geol-
ogists.

Whirlpool Anticline.-The Whirlpool anticline is on the west
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. side of Mountain River, 20 miles upstream from its mouth.
This structure was located by Link and mapped by Parker {(in
Hume, 1954, page 68). Trend and form of the structure can-
not be outlined accurately from the few rock exposures but
Parker indicates that the trend of the anticlinal axis is
about east-west with a curvature to the northeszst on the east
side of Mountain River.

Parker indicates that structural relief is in the order of
1,000 feet. He was able to establish east closure, but west
closure is still in question. Hume (1954) implies that crit-
ical closure may occur on an eastward extension of the anti-
clinal axis between Whirlpool anticline and West Mountain,
but this is unproven.

Whirlpool No. 1 well tested this anticline where it crosses
Mountain River, but no hydrocarbons were discovered.

Hume River Anticline.-The Hume River anticline crosses the

Hume River 24 miles west of Sans Sault Rapids. Hume (1954,
page 69) believes it to be a westward extension of the Whirl-
pool anticline, but photogeology suggests that it is a separate

structure. Low dips occur in Cretaceous rocks and the anti-

cline has relatively small closure. No information is avail=-

able other than from exposures along Hume River.
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CONCLUSIONS

Stratigraphy throughout the report area is, in general, re-
markably uniform, although minor changes do occur.

Devonian sediments form the most favorable source and reser-
voir rocks. The upper beds of the Ordovician~Silurian sequence
are also considered to be favorable. Cretaceous sediments are
usually too deeply eroded to be considered for important hydro-
carbon accumulations.

Late or post-Silurian erosion has removed the upper beds of
the Ronning group between Norman Wells and Fort Norman with a
resultant thinning of the Ronning group.

Of the three facies which constitute the Bear Rock, only the
porous, brecciated facies 1is considered important as contain-
ing significant reserves of hydrocarbons. Fortunately, it is
this facies which underlies large portions of the Mackenzie
Plain within the report area.

Over most of the report area the Hume formation contains
small stromatopdroidal reefs which are possibly porous in the
subsurface of the Mackenzie Plain. At present, it is impos-
sible to delineate exact areas of Hume Porosity.

The Kee Scarp is the most prospective formation. It is pres-
ent only in the northeastern side of the report area but pro-
bably extends westward and northward. It is cverlain and
underlain by shales which are often bituminous and it is
known to contain thick and abundant biohermal reef buildups.

As far as is known to date, only the Mackenzie Plain con-

tains structures prospective for hydrocarbon accumulation.
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Broad structures occur within the mountain ranges which flank

the Mackenzie Plain but the structures are too Strongly erod-
ed to be considered of any ecoromic value. East of the Frank-
lin Mountains, important structural traps may exist, but seis-

mic evaluation will be necessary to establish their locations.
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RECCMMENDATIONS

It is recommended that:

1. All but the southernmost permit of Texaco's Mahony Lzake
block be dropped.  Lower Devonian and Ordovician-Silurian
Strata outcrcp over large portions of this block and the

prospects for hydrocarbon accumulations are very discourag-

ing. The southern‘permit of this block contains beds as

vyoung as Cretaceous, however, and is much more favorable
than the permits to the north.

2. The Keele River block be dropped. Although several
large anticlinal structures occur within the block, they
are deeply eroded in their crests and expose bzds as old as
lower Hume and/or upper Bear Rock. The eastern part of the
northern permit is badly masked by Tertiary sediments, but
photogeology suggests no favorable structure.

3. Detailed surface studies, both structural and strati-
graphic, be conducted over selected portions of the repocrt
area. now that the regional study has been completed. This
is especially necessary in the southern part of the study

area.
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A. 3Bear Rock and Ronning outcrop in west wall of
Carcajou Canyon where Carcajou River leaves

‘Mackenzie Mountains. The abrupt contact between

the two units is obvious near the center of the

B.' Typical Bear Rock outcrop oa east side of

- Carcajou River, nine miles south-southeast
of Mirror Lake. The Hume-Bear Rock contact is
visgible in the upper.beds of the outcrop. Ncte
-The general lack of bedding and:®hcodoo® type :
of weathering, characteristic of Bear Rock out-
crops in the Norman Wells area. ' View to the east.
Bear Rock formation (BRk), Hume formation (H).
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PLATE 3




4. Sinkhole in Fume formation approximately five
miles east of Moon lake. This is only one of

ngmenb of Hume formation limestonea,'

dip les due east of 01d Fort l’ohin':. Beds
P very gently northward. Looking northwest. Sec-
tion CMS-1-59-2 was weasured on this eacarpment.










PLATE 5

A. Contact between Fort Creek and Hume formations

on east side of *acdougal Creek where it leaves
Mackenzic Mounteins. The l.eiorhvnchus castenea fos-
sil zone occurs 10 feet above the slume~iort Creek
contact. Hume formation {H}, Focrt Creek group (Ft
Ck). Looking south.

B. TFort Creek group outcrops on sast side of Mac-
dougzal Creek at front of Mackenzie Mountains.
Canol rcad iies at base of cliff, Youngest beds
visible on left side of photograph may be lower .
Imperial in age. Looking northeast.
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driliing. In many instances, the fine-grzined nature of the
sand, which is often argillaceous and silty, detracts somewhat
from the faverability as a reservoir rock, but in nc way ex-
cludes it. The lenticular nature of the sandstones may provide
important stratigraphic traps at any locality within the area
where the Imperial formation exists.

None of the Imperial shales have been described as bitumin-

ous. It is believed that the 0il shows present in the subsur-

face at Norman Wells are a result of o0il migration upwards

through fractures from underlying strata.

In the area immediately west of Wrigley, the upper part of
the Imperial formation contains coral reefs about 100 feet
thick. Although beds equivalent to the reef zone outcrop north
ad west of Wrigley, it is possible that the reef horizon,
if it exists, may be buried sufficiently to be important
as a hydrocarbon reservoir in the area south of Wrigley and
west of the Mackenzie River.

Paleogeography.-Depcsition of the dark grey to black Caﬁol

formation ended abruptly and early Imperial sediments, marked
by an abrupt increase in sand and silt, were laid down over
large areas. The rapid and general increase of coarser clas—
tics into the sea in earlier Imperial time is indicative of
general emergence of the surrounding land areas. In general,
sandstone content decreases upward, indicating gradual sub-
mergence of the surrounding landmass following initial uplift.
In the southern part of the area, reefs occur in the upper

half of the Imperial feormation. The exact relationship of the
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depositional environment of the reefs to that of the sanudstone
and sandy shales is unknown, but the two facies were deposited
simultaneously within a relatively short distance. 3Sandstone
content decreases southward frcm the report area and limestone
content increases in the same direction.

At some localities, post-Devonian ercsion removed many of the
Upper Devonian sediments previously deposited (e.g. East Moun-
tain area). Martin {1960, oral presentation at First In-
ternational Symposium on Arctic Geology) suggested the pos-
sibility that some folding took place in the Franklin MNoun-
tains in late Paleozcic time. Whether or not actuval fclding
occurred is as vet unknown, but epircgenic movement of the
general area of the Franklin Mountains seems likely.

A basin which was initiated in upper Fort Creek time in
the southernmost part of the area was well developed and con-
tinued to accumulate sediments after deposition of Imperial
sediments ended in the Norman Wells area. Several thousand
feet of strata, younger than any beds farther north, exist

in this basinal area. Although it is possible that beds

equivalent to post-Imperial sediments were deposited through-

out the report area (and have been subsequently removed) it
is not likely.

Following Upper Devonian sedimentation, much of the shelf
area on the outer part of the craton became positive through-
out the report area and over large portions of the Northwest
Territories. A huge positive dome known as the Yukon high

occupied the central part of the Yukon Territory. It was
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joined to the craton to the east, forming a large nose over
which no sediments were deposited from late Upper Devonian
to late Lower Cretaceous time. The extent of this very im~
portant high is very well illustrated in successive stages

by Warren and Stelck (1958, page 38-i41).

Cretaceous

General Statement.-Cretaceous sediments are very poorly

exposed and in the report area occur only in river and stream
cuts of the Mackenzie Plains.

A brief discussion of Cretaceous sediments is preéented here,
bgt the reader is referred tc the summary of the Canol #roject
(Hume, 1954, page 47) for a more detailed discussion of Creta-
ceous sediments.

Contacts.~-The Cretaceous disconformably overlies Devonian
beds. Near Sans Sault Rapids, Upper Devonian sediments, whick
are present farther south, are entirely missing, and Cretaceous
rocks rest directly on Middle Devonian carbonates. On Imperial
River (section IRS-1-56-2), the Cretaceous-Upper Devonian con-
tact is marked by a chert and quartz pebble conglomerate and
conglomeratic sandstone interval 20 feet thick. The conglomer-
ate occurs as thin beds within the sandstone. This conglomerate
zone has been reported by Parker (in Hume, 1554, page 48) on the
Mountain River.

Lithologyv, Correlation, and Thickness.-Cretaceous sediments

have been divided into four divisions within the report area,
as follows: Sans Sault formation (oldest), Slater River forma-

tion, Little Bear formation and East Fork formation (youngest).
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The term "Sans Sault group™ has been applied tc marine shaleé
and sandstones which overly Devonian beds in the Sans Sault Rap-
ids and Mountain River areas. Parker (in Hume, 1954, page 48)
described the group and states that they are about 1,400 feet
thick. The upper beds contain Lower Cretaceous fossils. No-
where in published literature is the term "Sans Sault group”™
used southeast of the East Mount-Imperial River area.

The Slater River overlies the Sans Sault group and is
composed of black shales with characteristic thin bands
of bentonite throughout. Its thickness is approximately
1,000 feet, although Parker describes an anomalous 2,150
feet of shale with minor sandstone on Mountain River which
he assigns to the Slater River formation. Stewart (1945)
states that fossils present in it are thought to be Upper
Cretaceous in age.

The Little Bear formation has its type section on Little
Bear River. It consists of sandstones, conglomerates, sandy
shales, shales and some coal seams (lignite). No compiete
sections are exposed, but 780 feet of Little Bear formation
has been measured on Little Bear River (Stewart, 19.45).

The uppermost formation of the Cretaceous is the East Fork.
It overlies the Little Bear and consists of grey, marine
shales 850 feet thick at its type section on the East Fork
of Little Bear River. The East Fork is not recognized north
of Little Bear River.

One major discrepancy in correlation exists between the

Sans Sault and the Bear Rock areas. At Sans Sault Rapids,

2
VRN
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the Sans Sault group was identified as Lower Cretaceous.
In outcrop near Bear Rock, however, Stelck (in Hume, 1954,
page 51) collected Upper Cretaceous fossils in outcrop and
in his description of the Cretaceous sediments in the Blue
fish No. 1A well, does not give any of them a Lower Creta-
ceous age. He places them in the Slater River and Little
Bear formations. If Stelck is correct, an estimated 1,500
feet of Lower Cretaceous Sans Sault equivalent are missing
at Bear Rock. Since Sans Sault equivalents are present in
northern Alberta, and the sea which inundated northern
Alberta transgressed frcm north to south, it is likely that
Sans Sault sediments were deposited in the Bear Rock area.
If not present today, they have been eroded by post-Lower
Cretaceous erosion. No evidence for such an unconformity
exists, and it is not impossible that the Cretaceous secdi=-
ments in Bluefish No. 1A are Sans Sault equivalents.

Source and Reservoir Rocks.-Although the Cretaceous shales

and sandstones are favorable as possible source and reser-
voir rocks, their favorability is offset by the fact that

over most of the Mackenzie Plains, the Cretaceous has been

strongly eroded. The Little Bear formation which is com-

posed predominantly of sandstone is often porous in outcrop
and is the most favorable formation suitable for hydrocarbon
accumulation. Unfortunately, it occurs high in the Creta-
ceous and is often exposed or missing. The more deeply
buried sandstones within the Sans Sault group are more favor-

able as a ‘possible reservoir rock, but little is known of
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them in the subsurface.

Paleogeography.-In Lower Cretaceous time, the boreal sea
gradually advanced from the Arctic in successive stages and
inundated the interior of the Northwest Territories. Early
Lower Cretaceous time saw the sea confined to the lower Mac-
Kenzie River area northwest of the report area. By late Low-
er Cretaceous, it had advanced southward and well ontc the
plains of western Canada. The crest of the Yukon high was
still positive but it was separated from the craton by the
Cretaceous seas. Sands and shales greatly predominate Cre-
taceous sedimentation and it is likely that both the Yukon
high and the major craton to the east contributed sediments
to the Cretaceous sea of the Northwest)Territories.

Upper Cretaceous sedimentation was a continuation of Low-

er Cretaceous conditions but the sea was more widespread.

Tertiagz

Tertiary sediments are present in a localized area rough-
1y bounded by the Mackenzie Mountains and Little Bear River
on the west, the Keele River to the south, and the McConnell
Range of the Franklin Mountains to the east. The northern

limits of the Tertiary are less definite but it is unlikely

that Teftiary sediments are present farther than 10 miles

north of Great Bear River.

~In the MacKay Mountains area, Tertiary sediments dip to
the northeast. Equivalent beds at 0ld Fort Point on the
Mackenzie River dip to the southwest, implying that Terti-

ary sediments occupy a basin with its centre approximately
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at the headwaters of MacKay Creek. No other Tertiary basins
are present in the report area.

Tertiary sediments overly the Cretaceous with an angular
unconformity, although none of the known literature describes
the contact from field-observed outcrop. Recent erosion has
strongly truncated Tertiary sediments outward from the centre

of the present Tertiary basin.

Only one partial section of Tertiary strata was inspected
 .~j by Party 59-2 (section TEH-1-59-2). It consists of pebble

conglomerates, sandstones, shales and claystones with minor

siltstones and occasional lignite bands up to 10 feet thick.
Although this section does not represent the entire Tertiary
section, it typifies the generalqlitholégy as reported by

previous workers. Most outcrops are unconsolidated, poorly “an
exposed and earthy in appearance.

R Thickness of Tertiary strata varies considerably as a re-

- !

sult of recent erosion, but according to Hume (1954, page 4),
it is over 1,200 feet thick along the east fork of Little
Bear River. Bell (1959, page 7) suggests that the maximum
thickness is in the order of 3,000 feet but this is likely
exéessive.
Plants collected from Tertiary strata.along the Mackenzie
'River indicate a Lower Eocene age (Bell, 1922, page 76).
Following Cretaceous time, the seas withdrew from the study

area. Tertiary basins formed in localized areas at a later

date and coal swamps were common in these basins. The loca-

tion of the major seaway in Tertiary time is unknown. Other
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Tertiary basins have been reported by Camsell (1906) in the

Wind River and Bonnet Plume areas west of the report area.
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STRUCTURE

Major Tectonic Divisions

Ceneral Statement.~The study area can be divided into

three major areas of tectonic activity: namely, a stable
region with only minor deformation, a region of moderate
deformation, and a region of severe deformation. These
major tectonic divisions, superimposed on the major phys-
iographic divisions of the report area, are shown in Figure

15.

Stable Region.-The stable region of the report area is
part of the central stable region described by Eardly (1951,

page 12) and is the western edge of the cratonic interior

present since Precambrian time. It consists of a founda-

tion of Precambrian crystalline rock, which is a westward
continuation of the Canadian Shield, overlain by a veneer
of sedimentary rock. For the most part, the sediments dip
very gently westward. Deformation is at a minimum and,
aside from slow and prolonged vertical movement, this tec-
tonic division properly deserves the name, the central
stable region.

Region of Moderate Deformation.-The region of moderate

deformation is characterized by broad, open folding and
high angle, normal or reverse faulting. With the excep-
tion of several shear zones, fault blocks show relatively
little deformation, and it is unlikely that horizontal

movement was important during time of faulting.
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As pointed out by Coodman (1954, page 374), the most sig-
nificant faulting in this region is in the Franklin Moun-
tains between Norman Wells and Sans Sault R,pids, and north

of the Mackenzie River. Here, a series of tilted fault blocks

dip in various directions and in some cases "scissor" or ro-~
tational faulting occurs between adjacent blocks. It is ap-
parent, according to Goodman (page 347), that these surface
features reflect conditions in the basement complex which
has been broken into blocks and these, under compressive
stress, have beccme adjusted to take up crustal shortening.

The remainder of the Franklin Mountains southward from
Norman Wells are, in general, less complicated by faulting. .
The McConnell Range is essentially an asymmetrical anticline,
with a high angle reverse fault along the anticlinal axis
(e.g., Cap Mountain) at some localities. Both high-angle
normal and reverse faults occur throughout this range at
intervals along its length.

The Mackenzie Plain appears to be a strip of the Interior
Plains left relatively intact during uplift of the Franklin
and Mackenzie Mountains. It does, however, contain numerous
open folds throughout its length. In addition, several small
ranges of Paleozoic rocks crop out in the Mackenzie Plain.

The Imperial Range is essentially a large asymmetrical an-

ticline which exposes Paleozoic strata within the Mackenzie

Plain. Cccasional steep-dipping faults are present in the

Imperial Range.

The Mackay Range of the Mackenzie Plain, Bear Rock in the
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