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INTRODUCTION

United Canso Oil & Gas Ltd. holds permits 5751 to
5755 inclusive, and 5904 to 5908 inclusive, totalling
370,070 acres. The permit area is herein called the 'Lac
Maunoir' area, the general area is also sometimes known as
the 'Colville Lake' area and the 'Colville Uplift'.

e nearest settlement is a community of Indians
and a Roman Catholic Mission on the east shore of Colville
Lake. Rev. B. Brown operates a fishing lodge with accommo-
dation for up to ten people.

The permit area lies about 110 miles northeast of
Fort Good Hope, which is situated on the Mackenzie River.
Fort Good Hope i8 serviced by river boats along the Mackenzie
River; scheduled flights by Pacific Western Airlines service
Norman Wells, 85 miles southeast of Fort Good Lope.

In the general area of the permits there are five
large lakes: Aubry Lake, Colville Lake, Lac Belot, Lac Des
Bois and Lac Maunoir. Most of the area is a relatively flat
plain at an elevation of about 1,000 feet above sea level,
covered with a light growth of small trees, and dotted with
small lakes. What makes the Lac Maunoir area distinctive,
is the presence of several large anticlines or faulted
anticlines which form prominent ridges of considerable relief.
These structures are conspicuous in an area otherwise devoid
of significant structure or topographic relief.

Bedrock in the Lac Maunoir area is early Paleozoic
carbonate rocks, for the most part Upper Ordovician-Silurian
in age, although a thin cover of Lower to Middle Devonian
carbonates (Bear Rock formation) is present in the western
part of the area.

Since rocks as old as Upper Ordovician are present
at or near the surface, the petroleum prospects are limited
to early Paleozoic, i.e. Cambrian to Middle Ordovician strata.
(Also possibly from Cretaceous tar sands if present). From
what i known regionally of the early Paleozoic rocks, there
is no compelling reason to expect other than a fairly thin
section, perhaps in the order of 2,000 to 3,000 feet. Al-
though these rocks are marine, and contain potential reservoir,



source and cap rocks, the prospect of a thin section, to all
appearances breached in the large structures, has rendered
this area unattractive.

The large structures, lying far to the northeast
of the Mackenzie and Franklin Mountains, are difficult to
explain. One theory of their origin postulates that these
structures could be a result of local overthickening of the
sedimentary section - i.e. a sub-basin in which growth
structures developed niar the center of subsidence. It was
partly on the basis of this theory that the permits were
taken out.

In the following report a synthesis of known
geological data pertinent to early Paleozoic history is
presented. From this regional material the subsurface
possibilities of the Lac Maunoir area are discussed.

REGIONAL GEOLOGY

GENERAL STATEMENT

The principal tectonic provinces of the Mackenzie
River basin are, from east to west, the Canadian Shield, the
Interior Plains, and the Mackenzie Geosyncline (Fig. 1).
Lying along the northwestern part of the mainland, and
extending off-shore is the Franklinian Geosyncline. The
early Paleozoic history of the Franklinian Geosynclise is
essentially unknown as far as the Canadian mainland is
concerned; it must be kept in mind however, that north-south
facies changes could be at least as pronounced as the well
documented east-west facies changes.

The tectonic pattern was established during the
Proterozoic when great thicknesses of shallow water sediments,
chiefly clastic but including carbonates, evaporites and
volcanics, accumulated over the Interior Plains and the
Mackenzie Geosyncline. A widespread unconformity separates
Proterozoic and Paleozoic rocks: the unconformity erodes
deeper down section from west to east. Nearly all of the
map area (Figs. 3 and 4) is underlain by Proterozoic sedi-
ments except for the southeast corner of the maps, where
Paleozoic strata overlie crystalline basement.
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Early Cambrian sediments consist of a thin shore-
line facies in the east, an evaporite basin immediately to
the west whose axis coincides approximately with the Franklin
Mountains, a carbonate facies and, in the central part of the
Mackenzie Geosyncline, a shale facies. A large tectonic up-
1ift or arch (Redstone Arch) was present in late Cambrian
time in the central Mackenzie Mountains, between the
Mackenzie Geosyncline and the Interior Plains. It is
possible that this arch developed early in the Cambrian
period and divided the western open marine facies from the
eastern evaporitic facies.

In the Interior Plains the Upper Cambrian to
Silurian sediments consist almost entirely of dolomite.
These rocks are normal marine shallow water sediments
deposited with remarkably uniform thickness and facies over
a very large area. Their eastern extent is unknown, having
been eroded, however these rocks once extended well to the
east of the present limit of the Canadian Shield. These
sediments thicken across the shelf from east to west and
near the center of the Mackenzie Geosyncline change from a
carbonate to a shale facies.

A late Silurian-early Devonian uplift resulted in
. a widespread sub-Devonian unconformity which affected most
of the Interior Plains. Erosion cuts progressively deeper
from west to east and in the eastern part of the Interior
Plains, Middle Devonian strata lie on rocks as old as Upper
Cambrian. In the central part of the Mackenzie Geosyncline
however, deposition may have been continuous. Late Silurian-
early Devonian rocks are present only within the central part
of the geosyncline. Devonian seas transgressed eastward from
the geosyncline and progressively younger sediments extended
farther and farther to the east. Middle Devonian sediments
covered the entire Interior Plains area. These Devonian
rocks show a gradual facies change from shale in the west,
through normal marine carbonates, to an evaporitic section
in the east.

Some late Paleozoic and early Mesozoic sedimen-
tation occurred within part of the Mackenzie Geosyncline
however these rocks are of no concern in this study. Post-
Devonian to pre-Cretaceous erosion affected the entire area.
As with earlier erosion intervals, the unconformity cuts
deeper into the section from west to east. Cretaceous rocks




probably covered most of the Interior Plains, the eastern
shore line coinciding approximately with the present limit
the shield. Post-Cretaceous erosion has since stripped
most of the Cretaceous cover from the eastern part of the
Interior Plains, leaving only patches.

Most earth movements prior to late Mesozoic-early
Tertiary time were of epirogenic origin. Within the Frank-
linian Geosyncline there were orogenic npisodes during the
middle and late Paleozoic, these however affect mainland
rocks only in the northern Yukon Territory and possibly in
the Mackenzie River Delta area, and are not pertinent to
this study. The main episode of folding was the Laramide
orogeny, late Mesozoic-early Tertiary, during which the
Mackenzie and Richardson Mountains were formed. The Laramide
earth movements were predominantly vertical, with only a
moderate amount of crustal shortening. The structure con-
sists of relatively symmetrical and fairly broad folds. In
the eastern Mackenzie Mountains anticlines are often fairly
sharp and cut by high angle reverse faults, whereas the
synclines are broad and flat. In the Richardson Mountains,
there are several large lateral faults. Low angle thrust
faults are a rarity in both mountain belts.

The Franklin Mountains occupy a broad arcuate
pelt parallel to the Mackenzie Mountains, but separated
from them by a low-lying area of moderate structure. The
franklins resemble the eastern Mackenzies structurally, but
appear more complex. The Franklin Mountains consist of a
series of high angle faults, faulted anticlines and scissor
faults with a somewhat erratic orientation.

PROTEROZOIC

Crystalline rocks of the Canadian Shield outcrop
on the eastern shores of Great Bear and Great Slave Lakes,
and immediately to the west these crystalline rocks are
overlain by the Paleozoic. Elsewhere in the map area (Figs.
3 and 4) a westward thickening wedge of Proterozoic sedi-
mentary rocks lies with approximate structural conformity
below Paleozoic rocks.




In the northeastern part of the map area, the
Coppermine series consists of 11,000 feet of basalts over-
lain by up to 15,000 feet of sandstone, quartzite,
dolomite and limestone. Numerous diabase dykes and
cut the Proterozoic strata but do not cut Paleozoic rocks.

In the northern Mackenzie Mountains, Prote
strata are known as the Katherine group. The name ne
group' was originally applied by Link in 1921 to a series of
interbedded quartzites and black platy shales in the upper
Carcajou River area. The group was inadequately defined and
probably included some strata now placed in the overlying
Cambrian section. The name is now loosely applied to a
thick sandstone or quartzite, in the order of 1,000 feet,
and an unknown thickness of siltstone, shale and carbonates.
At least one, and possibly three diabase sills up to 100
feet thick occur in the basal section. Several near vertical
dykes are associated with the sills.

Near the headwaters of the Snake River,
there is a local area of dolomite, red and green shale,
gypsum. These beds have been included in the Cambrian section
by the Geological Survey of Canada and others. Ziegler, 1567,
p. 49 however, indicates that this section is Precambrian.

In the subsurface Atlantic Ontaratue H-34 drilled
3,860 feet of clastics which are in part at least Precambrian.
The upper 900 feet consist of fine grained sandstone, in part
glauconitic, and interbedded red and green siltstone and
shale. The remainder of the section is predominantly dark
grey shale with minor sandstone and siltstone.

It is reported that a radioactive age determination
from a cored section yielded a Precambrian age.

n the core of the Richardson Mountains some
Precambrian sedimentary rocke are indicated on G.S.C. Map
10-1963.
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MIDDLE AND LOWER CAMBRIAN

Rocks of Cambrian age outcrop in the Mackenzie,
nklin and Richardson Mountains. Rocks of uncertain age,
but probably equivalent to the mountain outcrops, are found
north of Great Bear Lake to the Arctic coast, over the
Coppermine Arch. Several wells have drilled into Cambria
strata.

enclature

The nomenclature in use is illustrated on Fig. 2,
page 7. The boundaries of the Cambrian system, especially
the top of the Cambrian, are not well established in pub-
lished literature. Most of the formation or group names are
not well defined and there is disagrecment as to the age
ranges of some of the units. The Franklin Mountain formation
is in part, or in some areas in total, of Upper Cambrian age,
however this formation belongs, lithologically, with the
Ordovician-Silurian carbonate sequence. A group term is
desirable :o refer to the pre-Franklin Mountain Cambrian
section. The term 'Macdougal group' will be used in that
sense in this report. It must be pointed out however that
as originally defined, the term Macdougal group did not
include all of the basal Cambrian section and probably did
include part of the Franklin Mountain formation.

Northern ie Mountain

Macdougal Group

The type area of the Macdougal grouy is in Dodo
Canyon, a tributary of the Carcajou Kiver, which cuts through
the front range of the Mackenzie Mountains about 25 miles
south of Norman Wells.

The section was first described by Nauss, and is
quoted in Hume, 1954, p. 10. Nauss described 997 feet of
varicolored shales, minor limestone and sandstone; in the
upper part of the section is a zone of gypsum from 200 to
500 feet thick. Fossils collected by the Canol geologists
indicated a Middle and Upper Cambrian age. The section
Gescribed by Nauss included 50 feet of limestone at the top




hich would now probably be place¢ 'n the Franklin Mounta
ormation. In Hume, 1954, it is implied, but not expre
stated, that the Macdougal group as described directly over-
lies the Katherine group which consists of a series of inter-
bedded quartzites and black shales. The Katherine group was
considered to be probably Precambrian, possibly in part Lower
Cambrian.

Recent re-examination of the type section by
geologists of the Geological Survey of Canada established
the presence of Lower Cambrian fossils. In addition they
report that there are at least 200 feet of add‘tional section,
consisting of shale, dolomite, etc. below the base of Nauss'
section and above the Katherine group.

In summary, the Macdougal group in the type area
consists of a sequence of varicolored shales with interbedded
estone, dolomite and sandstone and, in the upper part, a
zone of gypsum The total thickness is not known but appears
to be in the neighborhood of 1,200 feet or more. It is
uncertain whether or not a basal sandstone, correlative with
the Mount Clark formation is present, or whether the latter
formation is equivalent to the upper part of the Katherine
group. The age of the Macdougal group is Lower and Middle
Cambrian.

Franklin Mountains
Mount Clark Formation

The Mount Clark formation was named by W
1923. The type section is on Cap Mountain in the Klin
Mountains, about 160 miles southeast of Norman Wells. The
formation is discussed by Douglas, 1962.

The Mount Clark formati consists of 450 feet
ne grained sandstone. The base of the section is marked
by a strong angular unconformity, taken by Douglas to mark
the base of the Paleozoic. liams found Lower Cambrian

fossils near the top of the formation from an outcrop on
Mount Clark, north of the type section.




Mount Cap Formation

The Mount Cap formation was also named by Will
1523, on Cap Mountain. Only a few feet are exposed,
consist of soft, light olive-green, fissile shale.
ian fossils according to Williams as well as A i
(Douqlas 1963)are present. Ziegler, 1967, p. 45, shows the
Mount Cap formation to be 500+ feet thick and to be of Lower
Cambrian age.

Saline River Formation

in the literature. The formation was named by Willi
The type area is on Saline River, which is a -mall t:
of the Mackenzie River, about 50 miles southeast
Norman. The section, which is poorly exposed in all outcrops,
consists of red and green shale and gypsum, with minor dolo-
mite. Salt springs are commonly associated with outcrops of
the formation. The age of the formation is not discussed in
Hume, 1954, or in Douglas, 1963.

Ziegler, 1267, p. 45, shows the Saline River
formation to be divisible into two zones:- the upper zone is
500 to 2,000 feet thick, consists of red and green shale,
minor dolomite and anhydrite or gypsum: a lower zone is 2,000
feet thick and consists of salt. The thickness for the salt
section is probably taken from the interval in Imperial
Vermilion Ridge No. 1. It is not obvious how Ziegler arrived
at the thickness of the upper zone, possibly from the shale
drilled in Shell Keele River L-4. The formation, according
to Ziegler, is Middle Cambrian in age.

Southern Richardson Mountains

In the southern Richardson Mountains we have no
adequate description of the pre-Road River beds. The Road
River formation is described by Norford, 1964. The basal
part of the Road River formation consists of limestone and
argillaceous limestone and ranges in age from Upper Cambrian
to Ordovician. As a working hypothesis it is convenient to
assume that the Road River formation is equivalent to the
Mount Kindle and Franklin Mountain formations, and that the




base of the Road River and the base of the Franklin Mountain
formations are approximately equivalent. The pre-Road River
rocks then are equivalent to the Macdougal group.

Concerning the beds underlying the Road River
formation, Norford 1964, p. 3, states as followsi-

at Trail River the boundary (base
of Road River formation) seems gradational
with a thick sequence of shales and silt-
stones of Camhrian age s... "o

rginal notes for G.S.C. .ap 10-1963 indicate a 1, 200-foot
thick limestone succession w.th Lower Cambrian fossils over-
lain by a thick platy siltstonc succession; these beds are
assumed to be equivalent to the Macdougal group. Sproule
1961, measured a much faulted section on the Peel River
consisting of argillite, tstone and shaly limestone with
a thickness estimated at between 4,000 and 7,000 feet.

Northern Richardson Mountains

In the northern Richardson Mountains there are a
few scattered occurrences of Cambrian rocks exposed in the
cores of deeply eroded anticlines. These exposures are all
of only partial sections, measuring a few hundred feet of
section, mostly carbonates. Early Paleozoic rocks of thi
area suffered one or more episodes of folding and erosion
during the late Paleozoic.

Possible Cambrian Rocks Near Inuvik

Near the Inuvik airport are a few hundred
interbedded red and green shale or argillite and dolomit
No fossils have been found. These beds are overlain, appa-
rently conformably, by Ordovician-Silurian dolomite. I
several reports these rocks have been tentatively included
in the Macdougal group. Recently Norris and Black, 1964,
have given evidence, based on paleomagnetic analysis, that
these beds are late Precambrian.

11




Coppermine Arch

the western
obable Cambrian age are
X een, 1969.
underlies carborates correlated with
Kindle and Franklin Mountain formations. No fossils other
than worm-tubes were found. Macqueen, p. , states as
llowss-

ilar (to the type section) three-
fold division of Macdouwyal strata is
evident within the eastern broad belt
of lower Paleozoic outcrop. In this
eastern area, however, the lower unit
largely composed of siltstone and
dolomite (200 feet); the middle glau-
conitic sandstone unit is in part an
orthoquartzite (100-150 feet): and the
upper gypsiferous and argillaceous
dolomite unit is much reduced in thick-
ness (100-150 feet)."

VA sim

ese units are all considerably thinner
wklin Mountains. Although no fossils were found,
(personal communication) is confident that these
are continuous across the plains with the three
tions of the Franklin Mountain area, however he wo
expect them to be younger in age, in other words the for-
mations would be diachronous, becoming younger from west
to eant.

Cambrian Rocks in the Subsurface

Several wells have drilled into the Macdo
oup. The thickest drilled section is in
Ridge No. l. Here the upper 560 feet consist o
and anhydrite. Below are over 2,2
undred plus feet of fossiliferous green sha
the salt. It is presumably from this well
arrives at a thickness of 2,000 feet for
of the Saline River formation. As this well is situated

nperial




within the Franklin Mountain disturbed belt, it is unsafe
to assume that the drilled section of salt is the true
stratigraphic thickness - it could be thicker or thinner.

lls
Y

North and northwest of Norman Wells several w
drilled by Atlantic drilled into Cambrian salt. Typica
the salt is overlain by 50 to 125 feet of red and green
shale. The top of this shale is picked as the top of the
Cambrian on well cards. Most of the Atlantic wells drilled
a few feet into the salt and stopped 8o the thickness is
unknown. Only Atlantic Ontaratue K-4 drilled through the
salt, which was 140 feet thick: green, grey and red shale
and siltstone underlie the salt; this clastic section may
pelong in the Katherine group.

Atlantic Ontaratue H-34 drilled several thousand
feet of Precambrian sediments (a radiocactive date was ob-
tained from a metamorphic layer). No salt was encountered.
Immediately below the Ronning dolomite are about 40 feet of
red and green shale with anhydrite. This shale section
overliess quartzitic sandstone, probably the upper part of
the Katherine group. The 40 feet of red and green shale
may be a remnant of the Macdougal group.

egional Distribution of Middle and Lower Cambrian Rocks

From outcrop and subsurface data it is possib
to arrive at only a very tentative interpretation regarding
distribution, thickness and facies of the Middle and Lower
Cambrian beds. Fig. 3 is a map wnich summarizes most of the
known data and presents an interpretation of the Macdougal
group and equivalent strata.

Along the northern front of the Mackenzie Mountains,
between Mountain River and Snake River, the Macdougal group
is missing, and the Ronning carbonates overlie a thick
quartzite or sandstone unit, believed to be the Precambrian
Katherine group. A fairly large area of the Yukon was
apparently uplifted late in the Cambrian period resulting
in the removal, thinning, or perhaps non-deposition Of the
Macdougal group. This uplifted area has been termed the
‘Redstone Arch' (see Gabrielse 1964 and 1967, and Ziegler,
1967, p. 7).




On Fig. 3 the Redstone Arch is interpreted as
<tending northward below part of the Peel Plateau.
erpretation is based on the section drilled in Atlantic
Ontaratue H-34. The arch may very well have extended farth
nozth than shown, perhaps paralleling the Richardson Mouit
orcunately we' don't know whether the Redstone Arch acted
as a barrier during deposition of the Macdougal group or if
it is merely a late Cambrian uplift from which the Cambrian
strata were eroded. From the brief comments in Ga:
1967, it might appear that both conditions prevailed
Perhaps a continuation of the Redstone Arch does extend

northward, lying east of the Richardson Mountains, and

acted as a barrier separating the evaporitic facies of the
Mackenzie basin from the dark-colored, thicker, and deeper
water facies of the Richardson trough.

In the northern Mackcnzie Mountains, near the
headwaters of the Snake River, there is a sequence of dolo-
mite, shale, sandstone and gypsum which Sproule 1961, equates
with the Macdougal group. The Geological Survey of Canada
(Map 10-1963) also, it appears, has mapped this section as
Cambrian. On the other hand, Ziegler 1967, p. 49, places
this evaporitic sequence in the Precambrian.

Fig. 3 illustrates the presence of a Cambrian
salt basin. The mapped limits of the salt basin are extended
r beyond the known occurrences of salt on the basis of an
umed relationship between salt and structure. The long
salt trough extending southeast from Norman Wells includs
all of the Franklin Mountain structural province. Bast and
northeast of Fort Good Hope the boundary of the salt basin
is drawn to include all of the Franklin Mountain-like
Structures which occur west of the Smith arm of Great Sear
Lake and the folds of the Lac Maunoir area. The northwestern
boundary of the salt basin is drawn along a line of less
pronounced structures which include a fault on the Iroguolis
River, a small tight syncline east of the Carnwath River,
and a thrust fault near Little Chicago. All of these struc-
tures are anomalous in an otherwise structurally dull area,
and all occur approximately along the same trend.

This large area of salt is of course highly
speculative. It is assumed that there is a genetic relation-
ship between the Franklin Mountain-type structures and &
thick salt section.
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The situation at Shell Keele River L-4 de
sacial mention. This well is located within the
Plain, i.e. the structural and topographic low betw

kenzie and nklin Mountains. The well spudded 1
iary and drilled through Cretaceous into Mid (¢}
ceen shale. The Devonian to Ordovician section N
nere is no discussion of this phenomenon in the well

sumably the well indicates the presence of a profou
—Cretaceous structure, not a Laramide or later normal
ault. The well drilled 2,000 feet into the Cambrian
hales; these shales are stated to be Middle Cambrian in
he well report (evidence is not discussed). On this basis
ese shales would belong to the Saline River formation
which Shell (Ziegler 1967) consideres to be Middle Cambrian.
On the basis of lithology however, these green shales appear
to belong in the Mount Cap formation (pre-salt) and not in
the variegated section wnich overlies the salt. At any
rate, the interesting and anomalous structure revealed at
Shell Keele River L-4 may in some way, be related to a
Cambrian salt structure.
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UPPER_CAMBRIAN-ORDOVICIAN-SILURIAN

_CAMBRIAN-ORDOVICIAN-SILURIAN
General

Rocks of this age outcrop in the Macken~ie,
Richardson and Franklin Mountains, along the flanks of
the Coppermine Arch, and in the large structures of the
Lac Maunoir area. In the eastern part of the Interior
Plains rocks of this age are found in small widely scat-
tered exposures. Several wells have drilled the entire
section.

Nomenclature

Terminology in use is illustrated in Fig. 2,
page 7. 1In general the term Roaning group is used to
Fefer to the carbonate facies in the area north of Norman
Wells and in the northern Mackenzie Mountains. The western
shaly facies exposed in the Richardson Mountains is known
as the Road River formation.



In the Franklin Mountains the Ronning gr
two formations, the upper Mount Kindle
\d the lower Franklin Mountain formation, both are chief
Although a regional unconformity separates these
wo formations, there is not sufficient information available
to subdivide the Ronning group in most areas.

It should be noted that due to the confusion that
sts regarding the meaning of the terms 'Mount Kindle',
ranklin Mountain' and 'Ronning', many reports of chis area
simply use the term 'Ordovician-Silurian'. This latter usage
is unsatisfactory because it is now known that the basal beds
of this sequence are Upper Cambrian.

Mountains

Franklin Mountain Formation

The name was originally applied by M.Y. Williams,
1922, for several hundred feet of red and green shales on
Mount Kindle in the Franklin Mountains. The shales are
overlain by dolomite of the Mount Kindle formation. The
base was not described and thickness was estimated at 500
feet or more. No fossils were found, but the formation was
provisionally placed in the Lower Silurian.

The next year Williams, 1923, elaborated on the
formation on Mount Kindle, and stated that the formation
consisted of grey shales with red interbeds grading upward
into buff limestone. He also identified a 865-foot thick
section of limestone and magnesian limestone on Mount Charles
as belonging to the fommation.

Subsequently Hume (1954) and Tassonyi (1967) have
avoided the term using instead the term 'Ronning group' or
'Ronning formation' for all strata above the Cambrian and
below the Bear Rock.

Douglas (1963) restudied the formation Mount
Kindle and his more complete description should probably be
considered the type section. The formation on Mount Kindle
is 1,265 feet thick and consists predominantly of fine
grained dolomite and minor chert and some stromatoporoid
structures. In the basal 520 feet there is a considerable




interbedded red, green and grey shale,
sandstone. The contact with the unde g
River formation (Cambrian) is not exposed. The upper
with the Mount Kindle formation appears couformable.

Ziegler 1967 uses the term Franklin Mounta
Zortunately no text accompanies his

so his application is not entirely clear. With his diagr
as a guide his use of the term 'Franklin Mountain formation'
appears to be as follows:i-

The formation is widespread over the
River pasin, from the shield into the Nackenzie
e formation is chiefly a te with
the base, of sandstone and shale. The
finé to fine grained, fossils are rare. The
000 to 1,500 feet thick over much of the plair
thickens to over 5 000 feet in the interior of the
enzie Mountains. Both upper and lower contacts are
widespread unconformities. The age is Upper Cambrian to
Middle Ordovician. 1In the plains, due to the overlying
pre-Upper Ordovician unconformity, only beds of Cambrian
age are present.

Mount Kindle Forma

The name 'Mount Kindle' was first proposed by
M.Y. Williams, 1922, for about 500 feet of fossiliferous
dolomite of Middle Silurian age. These dolomite beds were
named for their exposure on Mount Kindle in the Franklin
Mountains. The formation overlies a section of dolomite and
shale, which Williams named the F:anklin Mountain formation,
and was overlain by cavernous dolomite, at that time known
as the Bear Mountain formation, now known as the Bear Rock
formation.

The name was apparently not widely used by Canol
geologists. Hume (1954) refers to the Mount Kindle formation
of Williams, but does not use the term, instead he applied
the name 'Ronning group' to all beds above the Cambrian and
below the Bear Rock.




should
is 900 feet
lower ’nalf

c in this section, however Upper Ordovician rocks
north of the type area are characterized by an abundance of
chert.
The age of the Mount Kindle was formerly considered
to be Middle Silurian. Recently 3ell (1959) dated the for-
tion as Upper Ordovician. This conclusion has been rebutted
py Williams, 1963.
Ziegler (1967) uses both 'Mount Kindle' and
'Franklin Mountain'. Uafortunately his publication cor
no text so his application is not entirely clear. With
Ziegler's diagrams as a guide, his use of the term Mount
Kindle formation appears to be as follow,

The formation consists of a widespread carbonate,
mostly dolomite, 500 to 2,500 feet thick, which extends from
the Mackenzie Mountains to the shield and over the entire
area north of Great Slave Lake. The formation is charac
by an abundance of chert as thin layers, nodules and
fossils. Corals are abundant, often forming biostror

ch weather to vuggy, sometimes cavernous dolomite.
age is Upper Ordovician to Lower Silurian. The formation
u:xcon:‘ormably overlies the Franklin Mountain formation

overlain by Lower or Middle Devonian rocks.
is not present, having been stripped by pre-Devonian erosion
over part of the Franklin Range in the vicinity of Norman
Wells.

Ronning Group

The term 'Ronning' has a long controversial his-
tory. Canol geologists working in the Norman Wells area
used the term 'Mount Ronning formation' for all beds below




ctone (Bear Rock formation)
a. Hume (1954) proposed
same stratigraphic interval.
rtroduced the term ' ccause he felt that the

us Canol geologists had included different beds from

areas in the Mount Ronning formation withou

evidence for correlation. Hume, as well as the

geologists, considered that this interval was Silurian

¢ in fact Hume states "No rocks of Ordovician age have

ed in the vicinity of Norman Wells nor in the

lountains". Subsequently the fossils from this

been re-examined and reclassified and it

most of what was termed the Mount Ronning

formation in the Norman Wells area is of Ordovician and

Cambrian age. ‘

ve probable Cambria
erm 'Ronning group'

It would appear that Hume intended the 'Ronning
group' to include auld he equivalent to the Mount Kindle and
Franilin Mountain formaticis. This situation i g
by the inadequate definition givan by Williams,
two formations. For example, the Franklin Mountain
rmation as originally described on Mount Kindle, i.e.

O feet+ of red and green chale, is almost certainly the
ipper part of the Saline River formation as that term is
. now used. The term ‘Franklin Mountain formation' subse-
cuently evolved to mean the lower part of the Cambrian-
Silurian carbonatr section. Unfortunately it is not certain
from published literature how the Mount XKindle and Franklin
Mountain formations are to be separated.

the name is
used instead.

In many of the industry reports
avoided and the term 'Ordovician-Silurian

Tassonyi has reviewed the problem in detail and
has temporarily solved it Ly ignoring the Mount Kindle and
Franklin Mountain formations, and re-introducing the ters
‘Ronning formation' for the Ordovician-Silurian carponate
sequence. This seems unfortunate because the above carbonate
sequence is divisible into units, at least in some areas
and furthermore the age of the sequence apparently ranges
from Upper Jambrian to Lower Silurian (.ee Ziegler, 1967,
op. 43-53 re Franklin Mountain and Mount Kindle formations).




Northern Mackenzie Mountains

The Upper Cambrian to Silurian of
illustrated on cross sect s, Figs. 5 and 6, wn
across the Northern Mack: Mountains and tie
subsurface in the Norman Wells area. Correlation lines
the western section are fairly certain, on the easter:
owever, correlation is uncertain.

In this area

or Ronning group, rly consistent in tk

thology all along the mountain front. The

from 2,000 to 3,000 feet, and the unit is pri
dolomite with minor limestone.
overlain by dolomite of the Bear formation or,
west, by the 'Delorme' formation. The basal contact is also
an unconformity. In the Norman Wells area and easternmost
Mackenzie Mountains, the Ronning lies on the Macdougal group
(Cambrian). west the Macdougal beds are missing and
the Ronning overlies the Katherine sandstone (Proterozoic).

Three distinct units are evidenti-

- upper fossiliferous cherty dolomite
- middle dolomite,
- lower algal dolomice.

The basal unit, 200 to 500 feet thick, consists
of fine crystalline silty dolomite characterized by alg;
laminations or stromatolites. This unit is identified by
Norford, 1963 (Section No. 2
in age. It is uncertain whethes Ziegler, 1967, considers
basal unit to constitute the Franklin Mountain formation,
only the basal part of that formation.

The middle unit is 1,500 to 1,800 feet thick. It
conststs of dolomite in the east, grading to platy, slightly
illaccous limeston~ in the west. This facies change

pparently the initial phase in the east to west transi
rom the Ronning carbonate facies to the Road River shaly
facies. The dolomite of the middle unit is cenerally ¢
dark, fine crystalline and well bedded. Siliceous material
in the form of laminae of quartz crystals, nodules and
irregular networks of chert and quartz is fairly common
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ckness appears to be in the orde
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The lower boundary of the formation

defined In the type lower contact

with older beds. Nearby Lhc a n appears ti
overlie a thick section of shale, siltstone and
Cambrian age. The upper

most areas 1§ an unconformity:

the Upper Devonian Canol

the Richardson Mountains
River formation contains
ently of Lower Devonian ese are
apparently conformably, by Middle Devonian
argillaceous limestone of the Prongs Creek formation.

however, the upper
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hern Richardson Mountains

In the northern Richardson Mountains,

small incomplete exposures of arly
These exposures oCCur the eroded
and are unconformably overlain by rocks ranc

Devonian to Permian. Tnese rocks are m

River facies by the Geological Survey of Canada (Map
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Mountains, near
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ie rocks which are
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age. It would
upper part

formation, is
formation as well
issing. It is also apparent from this o
boundary between the carbonate and shale facies
where between Inuvik P':i the northern Richardson A\/D\.nhn,n .

tern Interior Plains

The strata which outcrop along the wester
the Coppermine Arch as well as in the eastern I
lains have been described by several geologists,
ccently by Macqueen, 1969. These bedg consist er
olomite up to 1,400 feet thick (1,825- feet according
mith, 1968), and are assigned to the Ronning group.

_mommu

acqueen the section is divisible

According to
into three units as followsi-
Upper unit - 500 feet to 700 feet - light grey
weathering, thick bedded, fine to
coarse crystalline dolomite, abun-
dant chert, locally containing
corals.

Middle unit - 500 feet - grey weathering, thick
pedded, banded, slightly porous
dolomite with little chert.

Lower unit - 200 feet - pale yellow-orange
weathering, thin bedded, cycli
dolomite, in part argillaceous.




The age of the Ronning in this area re
ddle Ordovician to Middle Silurian 2
missing in the eastern part of the area Gue o e

Macqueen does

ese units to the Mount Kindle and }E'ram(lxr
mations. Presumably the upper cherty unit
Kindle equivalent and the lower two units are equivalent
to the Franklin Mountain formation. Macqueen noics th
these shelf sediments, like the underlying Camb: s,
are characterized by & high degree of uniformity ..ross the
entire area from the Franklin Mountains to the Co ;

Several wells have drilled the total -
section, most of these wells are presented graph.
Figs. 6 and 7.

In the Norman Wells area, Fig. 6, the
unconformity has cut fairly deeply into the Ro
upper fossiliferous, cherty beds of the Mount
are missing and the Devonian lies on the eroded
the Franklin Mountain formation. The formation
of from 900 to 1,300 feet of brown to light-color
crystalline dolomite. No reservoir beds are logced.

The other wells all lie to the north
Wells and these are presented in Fig. 7.
provlems of correlation are discussed and it wil
that, among other problems, the top of the Ronning grous
uncertain. Of this thick carbonate section from the to
the Bear Rock formation to the base of the Ronning group,
only two markers can be carried with assurance, tiese are
the top and base of the section.

Assuming that the top of the Ronning b
correctly picked, this unit thickens from about 2
in the Fort Good Hope area to over 4,000 feet in
H-34, to the northwest. The entire section is dolo

Very roughly, and with no clear cut definable contact




Ronning is divisible into three units, based on grain size
and the amount of chert:-

Upper unit - from the top of the Ronning down to
within O to 400 feet above mark
(a chert marker). In the deep
of the basin the basal contact
mates Marker Q (Fig. 7). This
varies from 600 to 900 feet in
ness. Typically it consists of
crystalline dolomite, in part slightly
limy and with very few limestone layers.
There is very little chert.

There is only a emall proportion of
dolomite coarser than microcrystalline
and very little intercrystalline poro-
sity. This unit appears unpromising

as a reservoir rock, however a test of
the top of the unit in Ontaratue K-4,

a zone of lost circulation, recovered
a lot of salt water.

Middle unit - the top of this unit was discussed
) ares Tne basa 15 even mors. vagae,
however it coincides very roughly with
Marker D (Fig. 7). Lithologically this
middle unit is chardcte:ized by an
abundance of chert, especially in the
upper hal: In addition the crystal
size is coarser than the upper or lower
units. The dolomite is mostly micro to
fine crystalline, however there are
abundant interbeds of m
crystalline dolomite, some Of
are up to 200 feet thick. Most of th
dolomite, including the coarse crysta
layers, is tight, however there 1s some
intercrystalline porosity. The

unit ranges in thickness from 1,500 feet
in the Fort Good Hope area to 2,600 feet
in the northwest.



Lower unit 2 £ this unit
h wistinct, beil
o

et
pasal contact,
the Macdougal group, is taken ac the
highest occurrence of red and green
shale. The thickness of the lower
is fairly constant in all wells, i
order of 700 feet.

In comparing the subsurface section with Macqueen's
escriptions of outcrops in the eastern Interior Plains, it
5 dppa“e'\t that the three units of each area do not corre-
te. The most logical correlation would appear to be as
ollowsi-

Subsur face Eastern Interior Plains

Upper unit, 600-900" Not present

Middle Cherty unit, Upper vacy unit,
1500' - 2600°" 500! - 70

Lower unif, Middle and Lower units,
700" 700"

If the above correlation is correct the lower
subsuwface unit is remarkably consistent in thickness anc
character over a very long distance, being about 700
thick. The cherty unit on the other hand, is much thick
than its outcrop equivalent, both in the eastern Interio,
Plains (500 to 700 feet) and the northern Mackenzie Mountains
(600 to 1,100 feet).

It is reasonable to assume that the subsurface
middle cherty unit is equivalent to at least part of

Mount Kindle formation. It is uncertain whether this

re
cherty




t constitutes the entire Mount Kindle formation or just
a part of it. As the subsurface markers are 5o vague, it
is premature to attempt to carry the terms Frani
and Mount Kindle.

It is difficult to Gecide vhere
he Ronning group in t! It must
that the top of the Ronning where defined
in the Franklin Mountains is tF -Devonian uncor
- an unknown amount of section has been eroded.

As most formations thicken in the subsurface
northwest from the Franklin Mountains, it would not be
surprising if younger Ronning strata are encountered
occur in outcrop. ppears to be the case
ubsurface uait of non-cherty dolomite appear
an any Rfonning strata seen .n Outcrop in r_h(
nklin Mountains or the Interior Plains
xing the top of the Ronning group is d
er the heading 'Devonian-Silurian, Subeusface!
¢ be pointed out here tnat all or part of the upp:
surface unit could be a part of the 'Delorme’ fcrmation.

cuss

sional Distribution of Upper Cambrian-Silurian Rocks

Rocks of this long time interval are treated
one unit on Fig. 4 in spite of the fact that there is
least one regional unconformity, i.e. at the base of
Upper Ordovician. There is just not sufficient data to
subdivide these rocks in most aresas, either in outcrop or
in the subsurface.

The car i.e. the Ronning group, is
very widesprrad, - the shield in the
near the RicharGron bountains in the west, & distance o.
over 200 miles. Probably the carbonate once exten
o the east of the present boundary of the shield as, al-
chough the section thins, there is no evidence of ore-
_ine facies in the outcrops fringing the shield. Thickness
changes are gradual, in gemeral the unit thickens from east
to west. To the west, in the Richardson trough
carbonates give way to a thick shale facies, the Road
River formation.
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It is quite possible ther
. the 'Delorme' may be lower than is indicated on
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rocks. Note however,
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aci . The Bear Rock 1s an
Golomite and anhydrite or, I

to the west and
zorthwest into a normal marin ich has been

o
.amed the Gossage formation (Tassonyi, 1967).

The Gossage consists of an upper
stone characterized by an abundance of
wer part consisting of dolomite with subordinate limes
Gossage facies is the most widespread,
of the Interior Plains.

To the west the Gossage carbonate grades
shale facies named the Prongs Creek formation (Norr
The carbonate to shale gradation occurs west of the
River (Fig. 5) and there is ence to indicate the presence
of a reef complex along this facies front.

+

A widespread uncon
group of rocks. In the eastern Interior Plains,
Rock formation lies on beds of Ordovician to Middle
age; locally, as in parts of the Franklin Mountains,
3ear Rock lies on beds as old as Upper Cambrian. To
west, this unconformity is less pronounced and in the
Richarason trough the Prongs Creek shale lies with apparent
conformity on the Road River formation.




tcrop geoloc
purchased by Un

. a part of a larger

the remainder of

In the Lac 1
ow, sinuous ridges. T
somewhat erratic, however
ets:- north-northwest and east-
p relief there is very littl
available and from air
appear to be anticlines or
structures are somewhat as
cation of faulting. With
side is on the east.

The folds occur
Ordovician to basal Devonian
Rock formation). The only Cre

tch of steeply-dipping sands
structures; these are in fault

Bear Rock formation. Th

early Devonian and in part at least, post-Cretaceous.

The Lac Belot 1ld is the longest contir
ridge. For nearly fort this ridge follows
north-northwest course. Near its northern end the
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with 800 feet of relief,
an elongate dome
a southern ha.

There iS5 no topograp
To the north the dome tail t
trending narrow ridge. T¢ the dome are
up to 25 degrees. The northeastern tail has a fairly
steep northwest slope suggesting a fault scarp. To
the south the topography flattens abruptly, suggesting
the structure is terminated by a cross-fault, but this
is only one possibility; the Structure probably con-
tinues to the south below Lac Maunoir.

POSSIBILITY OF A SUB-BASIN

The idea that there could oe a sub-basin in the
Lac Maunoir area is based entirely on the presence of the
enigmatic structures. In a paper on basin evolution by
K.F. Dallmus, 1958, the relationship between subsidence and

the growth of intra-basin structures is discussed. In
essence the theory is as follows:- The floor of any Las
regardless of its size, an arc which is convex upwards.

W.th subsidence this arc flattens, moving towards the chord
formed by a line joining opposite points on the rim of the
basin. hs subsidence proceceds the sediments accumulating
within the basin will be subject to a decrease in volume,
hence compression. One result of compression will be thc
growth of folds within the central part of the basin.

The structures of the Lac Maunoir area are diffi-
cult to explain. They were obviously caused by compression,
however they are so distant from the main area of Laramide
mountain building that it is difficult to conceive of
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eless the p
structures were formed by compressi
The

salt. The Lac Maunoir
over lines of weakness wh ‘h probably coincide
faults. This theory w. ild be strengthened by
z g a relatively thin Paleozoic section in the Lac
Maunoir area - the effect of basement faults would be morc
pronounced.

There :re elements in ‘he foregoing theory wh
undoubtedly true. The £olds were caused by comprescion.
There is probably a decollement it depth - such structure
can hardly be explained without one of at least local extent.
There is very likely salt, or at least a plastic layer, at
depth. Furthermore, at least some of che folding occurred
roughly Quring the Laramide orogeny.

Nevertheless a case can be made against this
theory and in favor of an overthickened sedimentary sect
First of all, there is no great crustal shortening involved
in the Mackenzie Mountain upli *, nothing like that of
Canadian Rockies. Secondly, th.re is the variable ori
tion of the Lac Maunoir folds, a situation hard to reconcile
with a push from the southwest. On the other hand, ‘orces

o

originating within a subsiding basin would be Girected
radially, which is nearer the actu.l case. Furthermore
most of the structures appear to be i

steepest iimb on the northwest side,

be expected from a push from the southw.st. Finally, the

Lac Maunoir and Franklin Mountain structures are quite
similar in form and in their lack of definite orientation
There is evidence of a thick Cambrian section in
Mountain belt, therefore by analogy, it is not ul
to expect the same in the Lac Maunoir area.

id that the Lac Maunoir
ter Cretaceous tim
fected by the Laramide orog

sa

®

o

zelt there is evidence for earlier structure growth. The
most dramatic evidence is the occurrence of Cretacecus over
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sand stone are known
situated on the west

he shore of Great Slave Lak

dolomite beds contain an appreciable &




rarkable number of shows.
5 are mapped in the permit

ving areas is almost entirely masked by
tructurally low arcas could contain oil

Unless the Ronning formation i

outcrops suggest, end contains plasti

I this for
Sffactively breached by fractures, especially over

large structures. For convel
hope n the rocks o

pe:
oil production
al

H
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In assessing the
xamine the pre-salt

T
gal group, it is nece y to

o . Presumably the salt, W £ near the tog

x an be considered as the cap rock. The only x

idespread bed with good potential reservoir charact

is the basal Paleozoic sandstone. In Shell Blackwat

G-52 (admittedly a long distance away), porosity is

in several sands within the Cambrian section. Sand
cccur within the Macdougal group in outcrop along the
Coppermine Arch and also in the Mackenzie Mountain typse
section. For source rocks, there is a thick shale

the Franklin Mountain area. The shale cored in
Xeele River L-4 looks just like a piece of Ireton formation.
Nauss (in Hume, 1954, p. 10) describes petroliferous shale
from below the gypsum section in the Macdougal beds.

In summary, we have in the Lac Maunoir ares,
cral large stri: a very large untested area of
marine rocke Of unknown thickness. Tne presence of petroleum
is attested by several oil stained dolomite OULCrops as

as oil saturated sands immediate vicinity.
4 ea for further investi-
potential section is in Cambrian
cod

ation? The
is a minus factor, but cannot condemn the area. A
of oil has been found in Cambrian beds (Becker and
Patton, 1968).




r question
ancwered before any costly program is under
The only satisfactory wav € r the question i5 to
- hole to the base of tne Palcozoic. To accomplish this,
11 be necessarv for United Canso to act together with
14 in the area. It makes little
located, anywhere in the general
From the standpoint of acquiring
preferable to locate the

information, it would probab:
ot in a structurally undisturbed area - if the large struc-
tures are underlain by a significant decollement, then the
Geep potentially oil-bearing scructures would not directly
uncerlie the surface structures.

In programming & well, the difficulty will be to
estimate total depth. Rather than move In a larg , @
modlfied diamond drilling rig (such as used by Canadian

acific Oil & Gas in an area farther nort k:

) might be
advisable. This rig is said to be capable of drillin
8,000 feet. I: 8,000 feet of favorable sediments are proven
6 pe present, “hea further exploration will be justifiec.

In the event that a joint venture deep test oroves

a

would pe justified. In the Lac Maunoir ares,
unmetamorphosed sequence of sedimentary rocks is anticipited
below the Paleozoic. hs these Proterozoic se 1
Giffer little in density, velocity and magnetic susceptibi-
Tity from the Paleozoic section, it is doubtful that any
Geophysical method will give a reliable estimate of the
thickness of the Paleozoic section.

An aeromagnetic survey would probably yield
useful data only if the survey was conducted over a lar
Zrea -- from the edge of the Precambrian to the Mackenzi
River area where there is some subsurface control. United
Canso should consider the method only if it is possible to
participate in such a regional survey.




oterozoic for
and Proterozol

feasibility and approximate cost.
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h a 'rm“"ed erosional Concact on tt
thological change across the ccatact may

dolomite upon dolomite with little chas

pting to locate the top of
I have been guided by varying

I that the change
will be marked
sand, silt or shale.

et

In Shoals and Beavertail a layer of anhydr

ccurs near the base of the 3ear Rock. In Shoals there

haly zone with a ctrace of sandstone below the anhyd:
contact is picked below this clastic layer.

he clastic layer is not present.

In Manitou the company marker (2385'
kick on the gamma-log. I have moved
to the base of a fine fragmental dolomite with
texture (a Bear Rock characteristic). Tracec o
at and apbove this coatact.
n the Ontaratue there is no
he contact In Ontaratue
increase in the crystal s ss I

fouled by lost circulac
Zimilarity in the gamma-logs between the Ontaratue wells
Grandview Hills and Little Chicago.
randview Hills, the contact was pickec
5.J. Tassonyi and Atlantic at 3470 feet, near the base
Shaly-silty limestone. I have moved the contact down to
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