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FIGURE 1 - General Reconnaissance and Index Map
Great Slave Lake-Li~rd River Area, N.W.T.
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RELIMINARY GEQLOG REP
GRE VE LAKE - D RIVER AREA, N.

(With Particular Reference to the Permit Holdings of Kelcam
Oils Limited)

‘ INTRODUCTION

The present report is written as a preliminary geological evalua~
tion of a large spread of acreage, held in permit form by Kelcam Oils
Limited, in the southern portion of the MacKenzie Sedimentary Basin,
N.W.T. There are 42 permits involved, totalling in all 2,503,061 acres.
As 1s shown on the accompanying map, Figure 1, these permits are all
located a short distance north of the N.W.T. boundary, between Great

Slave Lake and the Liard river.

The easiest means of access to the area between the Liard river
and Great Slave lake is by commercial plane, any one of a number of
which are available for charter trips to the area. Local travel with-

: in the area is generally done by canoce. The eastern end of the area

‘ is also serviced by an autbmobile road which runs from Grimshaw in

the Peace River area to Hay River Post on the south shore of Great
Slave lake. The Hay River Post is about thirty miles east of the

most easterly of the permits. The western permit areas can be reached
by boat from Fort Nelscn on the Alaska Highway. Fort Nelson is about
one hundred miles southeast of Fort Liard, the location of which is

given on Figure 1.

In general the area between Liard river and Great Slave lake is
marked by low relief. Elevations above sea-level are from about 800
feet to 1,000 feet. There are, however, several escarpments which
rise as high as 400 feet above the general level.
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The Mackenzie mountains are just west of Liard river, about § !
miles west of the Fort Liard permits. These mountains rise to heights P
as great as 4,000 feet above sea-level, 3

The area is fairly well drained, with numerous streams and lakes
draining northwards into Great Slave lake and as well as intc the
Mackenzie river.

A number of geological surveys within the area were carried out
by the early explorers. One of the earliest systematic exclusively
geological surveye was conducted by R. G. McConnell in 18388, He was
followed from time to time by other geologists on the staff of the <
Geological Survey of Canada, and some for private interests, the most i
active of whom has been the Imperial Oil Company. These surveys had F
in mind the principal objective of determining the oil and gas pros- £
pects of the area, attention to it having been drawn by the numerous b
seepages of o1l along the Mackenzie river between Great Slave lake and 1
downstream from Fort Norman, and on Great Slave lake. The most thor-
ough survey in the area was conducted by the Imperial 0il Company,
under the sponsorship of the Canol project, in 1942 and 1943, Pre-
vious to these surveys most of the geological work was of a reconna-
issance nature. Within the last year or two there has been a revival
of interest in this area and a number of surveys have been made by
private interests. A number of relatively shallow wells have been

drilled.

Further details on the general geology of the area can be obtained
from the reports referred to in the accompanying selected bibliography.

From the standpoint of detailed geological knowledge of the
subject area, i1t is relatively unknown. We have, however, a sufficient
amount of regional data to enable us to generalize on the general occu-
rrence of the principal geological formations over the area. The most
significant unknowns are local geological structure and those local
facies changes that are related to the origin and occurrence of pet-
roleum and natural gas. What general data we do have places the area
in a highly favourable light from the standpoint of potential occu-
rrences of petroleum and natural gas.

A compilation of the presently known geology of the map area is
of necessity presented herein in two parts because of the lack of
detailed work necessary to correlate the geology of the Liard River
area with that of the Great Slave Lake-Mackenzie River area. Our
stratigraphic geological summary, therefore, falls into two parts,
as follows:

1. Stratigraphy of the Liard River Area
2. Stratigraphy of the Great Slave Lake Area
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The following rock formations are exposed in
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Table of Formationsg

Era and Period

or Epoch

CENOZOIC
Recent and
Pleistocene

MESOZOIC
Upper Cretaceous

Lower Cr:ztaceous

PALEOZOIC
Pennsylvanian
and/or Mississippian

Mississippian

Upper Devonian

Middle Devonian

Silurian

Formation and
Thickne fee

0 - 100

Unconformity

(Unnamed)
504

Kotaneelee
5004

Fort Nelson
500 - 800
Fort St. John Group
22504
Unconformity
(Unnamed)
10004

(Unnamed)
10004

(Unnamed)
20004

Nahanni

450
Disconformity

(Unnamad)

the Liard River area:
Sharacter

Soil, alluvium,
boulder clay.

Grey szndstone & pebble
conglomerates; non-marine,

Dark grey shale, thin
sandstone heds; marine.

Dark grey, chunky shale
& banded grey sandstone;
conglomerate; non-marines

Sandstone & shale; iron-
stone concretions; maine
and nonemarine.

Sandstone, shale, chert;
marine.

Limestone, cherty lime-
stone & shale; marine.

Dark grey shale & con-
cretions; marine.

Dolomite and limesbne;
marine.

Banded silicecus lime-
stone and dolomite;
marine.
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_Descriptions of Formations

- The oldest rocks thus far observed in the Liard River area
consist of siliceous limestone and dolomite in alternating light and
dark grey bands. The rock is, for the most part, fine-grained, hard and
dense and has been indurated by a circdulation of siliceous and carbon-
ate solutions. Veins of quartz and calcite up to two inches in thick-
ness are very common in these rocks. The thickness of the Silurian in
this area is at least 500 feet. The bottom of the formation is not

exposed .

Nahapni Formation - The Nahanni formation consists of light grey and
dark grey weathering, dense dolomitic limestone and finally crystalline
dense limestone. Fossil content places the age as Middle Devonian. The
thickness of these rocks as exposed in the Mackenzie mountains and along
the Liard river is 450 feet. The formation is the probable correlative
of the Slave Point, Presqu'ile and Pine Point formations of the Great
Slave Lake area. Since the ccmbined thickness of those three forma-
tions near Great Slave is about 1200 feet there is considerable thinning

(700 feet or more) towards Fort Liard.

Upper Devonian - A complete section of Upper Devonian beds is not ex-
posed in the Liard River area but a thickness of 2000 feet and more is

estimated. The rocks consist of dark grey shales, usually thinly bedded,

with beds and concretions of ironstone in places. The shales are bitu-
minous in places. Fossils are rare but indicate an Upper Devonian age
for the containing rocks.

The Upper Devonian shales in this area are the equivalent of the
Hay River limestones and shales and the Simpson shales of the Great

Slave Lake area.

The geological reports describing the geology of the Fort Liard
area make no mention of the Devonian reefs that have in recent years
become the principal objective in this general area. This is probably
due to non-recognition of strata, the true potential of which has only

recently been recognized.

- The strata included in this group consist of limestone,
cherty limestone and some interbedded shale which is particularly abund-
ant in the lower part of the formation. No continuous section of these
rocks is anywhere exposed, but an estimated thickness of 2,000 feet has
been put forth., The limestones are coarsely arystalline in places and
in other place:z are very fossilifercus. No porosity has been observed
in these beds.

\'4 and/or M - Pennsylvanian and/or Mississippian
strata are made up of sandstones interbedded with dark shales and a
chert member at the top. No complete section of these beds was observed
but thicknesses as great as 640 feet were measured. A total thinkness
of 1,000 feet has been assigned to this group of strata. The chert bed
at the top at one locality was found to be 75 feet in thickness.

SR e g mBE-
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- This group of strata is made up of several forma-
tions which were not studied in detail and hence accurate subdivisions
are not possible at this time. These rocks are made up of dark grey
marine shales and ironstone concretions, grey sandstone beds and sandy
shale. The group is roughly divisible into two parte, an upper and
lower. The lower is sandy and is about 625 feet thick, whereas the
upper consists essentially of shale and is about 1625 feet thick.

Fort Nelson Formation - The strata of this formation consist of grey
banded sandstones interbedded with dark grey chalky shale whth is trans-
sitional from the marine shale of the Fort St. John group. Conglomerates
are also present in the Fort Nelson formation. This formation is cone
sidered to be the equivalent of the Dunvegan formation of the Peace

River area.

K m - This formation is made up of dark grey shale,
thin sandstone beds and a conglomerate bed. The conglomerate bed is
located in the middle of the formation and consists of chert pebbles.
This formation is the possible equivalent of the Big Horn and Blackstone
formations of the Alberta foothills,

Upper Cretaceous - Beds considered to be correlatives of the Wapiti
group of the Peace River overlie the Kotaneelee formation. These Late
Upper Cretaceous beds consist of medium grain grey sandstone and fine
pebbled conglomerate beds. Some coal also appears to be present in
this formation. The formation is poorly exposed in the area.

e - Gravels of possible Tertiary age and certainly pre-glacial
age are found at a few points within the area,

STRATIGRAPHY OF THE GREAT SLAVE LAKE AREA

The rock formations which outcrop in this area are shown in the
following table:

Era and Period Thickness

or Epoch Formation Character (feet)
CENOZOIC

Recent and Soil, alluvium,

Pleistocene boulder clay 0 - 250
MESO0ZO0IC

Cretaceous Unnamed Greenish shales

and sandstone -

PLAEOZOIC

Upper Devonian Hay River Dolomite, limestone 700

Series and shale, marine

Simpson Shale, marine 150 - 200




Era and Period

Paleozoic (con't)

Middle Devonian Slave Point
Presqu'ile
Pine Point

Horn River
Silurian Fitzgerald

Ordovician (?) Unnamed

Degceription of Formations

Ordoviciap - The Ordovician is represented by red calcareous shale,
gypsum, salt and red argillaceous shale.

Precambrian sandstone: and granite.
with some reservations.

Fltzgerald
of dolomit

in north-eastern Alberta and have been placed in the Devonian.
possible that the Fitzgerald formation is also Devonian.

Horn River
age.

Lake. Mil.s Lake is located in the

map area, at the outlet to Great Slave lake.
rocks are known within the map area.

and brownish-black fissile shales,

minous limestone, grey to black in
richly fossiliferous in places.

u'lle Formation
grained bituminous dolomitic limest
interbeds of thin-bedded grey limes
white or very light grey. 1In place

cavernous, particularly in the reefal facies, where oil seepages commonly
This formation carries the diagnostic Middle Devonian brachiopod,

occur.

Stringocephalus burtini.
Slave Point Formation - The Slave P

It is possible that they have a Devonian age.
EQ{EQLIQB ~ The strata ascribed to this formation consist
e, limestone, gypsum and anhydrite. Similar strata are found

Formation The Horn River formation is Middle Devonian in
It 1s exposed along Horn River which flows southward into Mills

Point This formation is made up of thin-bedded grey
limestone which is fine to medium-grained.

- The Presqu'ile formation consists of hard fine-

Thickness

Character 3
Grey, shaly limestone, 200 3
marine §

c

Dolomite, limestone & !
shale, marine 375 3
Limestone and shaly ;
limestone, marine 100 - 595 3
Shale 100
Dolomitic limestone
with gypsum & anhydrite, 275
marine
Red shale, gypsum, shale,
marine 595

These rocks lie directly on
They are placed in the Ordovician

It is

northeast portion of the present

No outcrops of Horn River
The formation consists of black
some of which are bituminous.,

In places thin-bedded bitu-

color, is present. The beds are

ones, in part biohermal reef, and
tone. The dolomite weathers to a
s the dolomite 1s quite porous and

oint formation consists of grey
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weathering, light grey, fine-grained thin-bedded limestone, slightly
bituminous in places.

Simpson m on - The Simpson formation consists entirely of a
greyish-green shale that weathers for the most part to small flakes of
fissile shale. Due to the non-resistant character of the beds outcrops
of this formation are rather scarce.

The formation is of potential importance in the present area in
that it is the equivalent of the Fort Creek formation of the Fort Nor- 4
man area, where the oil source limestone reefs of the Fort Norman Field i
occur. The Simpson shales are the approximate equivalent of the Green H
Shale and D-3 zone of central Alberta.

Hay River Series - This series can be divided into two members, an

upper limestone member, some 300 feet thick, and a lower shaly member
about 400 feet thick. The upper limestone member consists of dark grey
limastones that weather to yellow and reddish-brown colours. Some sany
limestone and thin sandstone beds, as well as some shaly limestone, are
present in this section. The lower member, which may be called the Hay
River shales, consists of bluish-green, soft, fissile shales that weather i,
readily to a clay. Some sandy beds and shaly limestone beds are present.

The Hay River limestone forms a prominent escarpment some 400 feet
high in the southern part of the map sheet.

%;ggggeoug - The greater part of the southern Mackenzie basin is under=
ain by Cretaceous strata. Soft dark-grey, fissile, marine shales, with
numerous large ironstone concretions and occastonally thin bands of
ironstone predominate. These shales are correlated with the Loon River
formation of north-western Alberta. Overlying the marine shales in ‘
places are thin-bedded and poorly indurated sandstones that may represent
the Peace River formation of northwestern Alberta. The Cretaceous rocks
are not well exposed, and have not, to date, been subjected to much studys
e and Recent - As a result of Pleistocene glaciation wide-
apread deposits of boulder clay and outwash sands and gravels cover much '
of the area. The glacial drift varies in thickness up to 250 feet. K
Recent deposits consist of stream silts, sands and gravels and soil. 3

A
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RISTRIBUTION OF GEOLOGICAL FORMATIONS

The distribution of the Paleozoic and Mesozoic formations described =
above are shown in the accompanying map (Figure 1). It will be observed
on this map that the exposed formations become progressively younger '
from the northeastern corner in the Great Slave Lake area to the Fort
Liard area in the southwestern corner of the map sheet. In the north-
east corner Middle Devonian formations are exposed, and in the south-
west corner the Upper Cretaceous is at the surface. Off the map sheet 4
about fifty miles northeast of the map-area, Silurian and Precambrian
rocks are exposed.
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The above regional structural and surface relationship of the
stratigraphic section in the MacKenzie River Basin is the same as the
relationship that exists in the Alberta Basin, except that in the
Alberta Basin the Cretaceous overlaps most of the Paleozoic and some of
the Precambrian, leaving only occasional small windows of Paleozoic,
wheress in the Mackenzie Basin the erosionally truncated surface of the
Paleozoic has been stripped back for some distance from the basin mar-
gin, by post-Cremceous erosion.

The total thickness of the stratigraphic column in the northeastern
corner is about 1600 feet. A well drilled at Windy Point penetrated the
Precambrian at a depth of about 1640 feet. In the Fort Liard area the
combined stratigraphic thickness of post-Silurian strata alone is about
8,000 feet, and it 1s estimated that when the dip of the strata is con-
sidered along with any additional sedimentary formations not exposed at
the surface the total drilling thickness of the sedimentary section in
the Fort Liard area is well in excess of 10,000 feet.

Most of the known strata in the Fort Liard area are marine in
origin. Non-marine beds constitute but g small fraction of the total
section, and such beds are found only in the immediate vicinity of Fort

Liard.

STRUCTURAL GEOLOGY

Structurally, the area in which the permits are located is a \
regional homocline, dipping gently to the southwest. This homocline forms
the east flank of the Mackenzie River basin. The dip ranges up to six
degrees, the overall average, however, amounting to only 50 to 100 feet
per mile. The homocline is terminated on the southwest in the vicinity
of the Liard river, by the Liard, Nahanni and other ranges of the south-
ern Mackenzie mountains, along the theoretical axis of the Mackenzie

River basin.

Local structures are evident in several places. The best known is
a low, broad anticline which occurs in the vicinity of Windy Point on
the northwestern shore of Great Slave lake. The axis of the anticline
strikes about sixty degrees west of north. It is also evident on the
south shore of Great Slave lake in the vicinity of Pine Point, just off
the eastern edge of the map sheet. At Windy Point the core of this anti-
cline exposes Presqu'ile dolomite, from which there are numerous seepages .
of heavy oil. This structure was tested by a well drilled to the o
Precambrian in 1921 by the Northwest Company. 0il in commercial quantities
was not obtained. The reservoir beds in this structure are obviously too
close to the surface to have an effective cap-rock. Although this
structure has long been known as an anticline, it is undoubtedly caused

by a reef deposit.

Another small dome, about fifteen miles upstream from the mouth of
Hay river, has been known for many years. Nine wells have been drilled
on it. The first well, drilled in {922, obtained a strong flow of salt
water from the Presqu'ile dolomite at a depth of sliﬁhtly over 700 feet.
The other eight wells were drilled in the 1930 to 1947 period in an
attempt to define the structure and to lest the commercial prospects.



These wlso were unsuccessful and indications are that the closnrae,
if rresent, is ton small for the accumlation nf commercial auan-

tities of gas or oil, In the drilline of these wells, hnvever, oil-
saturated cores were nhtained, It 1e nnseihle that thisg Aome 19 alsn
a reefal structure,

In the vicinity of Oreat Slave lake there are nmmarons small Anmee |
from 100 to 200 feet in diameter and havine Ains as oreat as six deerees,
These structures are tnn small tn serve as trane for o1l nr sas and, “ur-
thermore, their origin does nnt favor the aceumlation of n1 or ecas, Tt
ig thonught that thesa small domes have heen “ormed hv the axnansion »F
anhydrite in alterine tn eynsum,

Northeast of the man-area the Palenznic-Precamhrian enontact has
been ohserved in several nlaces, Near the enntact tha Precamhrian snrface
is gently undulating, and the Paleozoic strata parallel the Pracamhrian
surface., Larpe and widespread faultine in the Pracamhrian nf tha area 1s
certain to affect the overlvine beds in nlaces.

Tn the Port Liard area, in the southwest corner of the man sheat,
verv little is known rogardine those struetures 1vine east »f Tiard river,
West of the Liard river are the Mackenzie mountain raneges, These mances o
ere largelv anticlinal in structure, but since the nrincinal ohiective < o
horizons namely the Paleozoic fnormatibns, are exnnsed at the surface, the
structures do not hold much nrospect of laree i1 nr gas acerumlationsg, :
Fast of the Liard river and in the vicinitv of the westerly hlock of i
permits folded and faulted struetures such as are “mnd in nnortheastern
British Columbia and in tre foothills of Alherta are nrohahlv nresent,
However, the thick coverine of glacial Arift, that covers the hedrneck in
these narts, has nbscured local structure to a l-orge extent,

It should be nointed out at this time that the govarnmental survevs
made in this ares have been »f s recnnnaissance nature, and varv 1ittle Ae-.
ta®led structure has heen manned, It 1s cartain that setailed surface -
genlogical survevs of this area will reveal mich n* the strmecture, nresently

unknown,
OIL AND GAS NCCURRENCES AND PROSPRC™S

Nno oil or gas seepages have heen reecn~rded in the Tort L*ar: ara:{
but bituminous shales have heen n~hserved in the Tnner Nevnnian ormih n:s.h
It 1s nossible that these bituminous shales are sssnciated with reghq+wwlc 3
have not vet heen jAentified as such, for 1t ehmlAd he remewhe;ed at nenm
surveys were mede in this area verv {1ttle was ¥nnws ahnut :ee ﬂCﬂﬁ?:e:wPSq
and structure, Source beds Hnf nil and rcas are nrasent in taa a;:ﬁgmf*:;a R
t-ere are sreat thicknesses nf marine shale, Pntential sanas, 4
and limestones are alsn nresent, ‘
je river, 4down=- f
G glave Lake area and along the Mackenz :
In the Ore0t m there are numerous nil seevnacges. These

: 7 orman
stream %o and beyond Fort n 111e dolomite and also in the noverlving and '

seepages occur in the Presqu 3 e ru s mumerous
At Windv Pnint on Great Slave 3 ' :
§2§§§§§§“§n52;§°3;e3q§'113 dolomite. The reefal character nf the Preshu 11!
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at this nlace has already heen nnted, It 1s nf interast tn hnte that the
discovery of the Fort Norman o0il field was Ane tn nil seenases “ram the Tt
Creek shale along the shnres n*® the Mackenzie river. 'g

It 15 nossiblae that there are reefs n* twn A1f arant ameg 1n th e
The Presqu'ile dolomite i1s known to enntain reefs, and the 91;nsgn' °oren. i
shalp probably dnes also, The Simnson is the emivalent of the Tart Traek g
shale of the Fort Norman area an? the freen Shale of the cantral Alharts ;
areg,both of which contain oil-hearines reefs, -

Within the freat Slave Lake area the nrnsnects nf finding ofl-hearine
reefs are ¢ood, Furthermore, the reef facies are known +tn he asgnaintaed with

shale cavn-rock,

A number of wells have heen M 111led in +the vieinitv o frest Slave 3
lake within the last vear or two hv Punch Petrnleums and hv the Wew Sunerinr
Oils of Canada groun, The 1ncation of thase wells is shown in Pioure 1, o
Some of the wells nhtained shows of 011 and eas, hut nnt in anmmaretial man-
tities. It avnears likely that these wells wara Arilled 4n areas in whiah 2’
there was insufficient cover o hnld the n11 anAd eag, y

Tf drilline 1< carried out nn structural or reaef prosnects in thae
general vicinity of the subject reservations, “'smmthwest nf freat Slave 12ke
and south of the Mackenzie river where a thick cnver is stili 4n nlace, the
prospects of finding 01l and pas noonls are excellent.

CONCLUSIONS AND RWCOMMINDATTONS

The Liard Hiver - Great Slave Take area lies in the smuthern nortinn 3
of the Mackenzie River sedimentarv basin, in territorv where the samence 3
of geological formations is known to he ®avorahle for the neeurrance nf
petroleum and natural gas, 01l seenares are ¥nown in similar strata immedi-
ately outside the remort area, and the nceurrences nf n0il in commerctal suan-
tities in equivalent formations at ®ort Norman has alreadv heen nroven,

In view of the ahnve, prosvects for the neccurrence of netrnleum and
natural gas in commercial aquantities within the man area, are excellent,
The degree to vhich discoveries made are commercial will Aenend n¥ €ourse on

the develonment nf markets,

Although the area is a long Aistance from what we nnw raepard as civili-
zation, it is not dAifficult 6f access, sinca 1t can he reached he adr, water,

and bv land, There is considerahle muskep within the area, hut since it is
0a traffic arteries are nresent +n 1

fairly well drained sufficient can
enablz ground narties to cover mich n*¥ the area hv snurface panlnefecal met-nAs
without mich difficulty,

W ith resnect to future exnloration wnrk, it is recommended that the
airborne megnetometer survey being conducted currently be studied in its
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relation to the nresentlv known pgeolopv and tn what additinmal internretations =
can be made from airvhoto mosaics, ®ollowing which such ajrphntn mnsieca etnAfes |
should be sunnlemented hv field genloerical ermmnd cnontrnl, with nartienlar ras- .
pe “ to ecenlnhgical internratations made from *he air nhotokranhs, The advie- 3
ability or non-afvisahili' s/ of condncting seismic work should remain for 2 &
decision until the genlogical fiel? work has heer cnmnlated,

\
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