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Fora ropirs dlac yaaes Pe reayta of a Pracare

Argrgeiae By oy cOrviBd Bp win L and in he imrmediate

wigiming of, Pe-oleyws and Navwal Gae Permit No, %067,

Tria Permit s locawd in e Nortvwest Territories
andd e held under the Carada Oil and Cas Land
FPegumtions and s located between 121 18" 10 121° 3O’
longitude and 64° 10 10 64° 20' latitude., The Per mit
in 790 miles northwest of Edmonton and 275 miles

northwes! of Yellowknile,

The Yellowknile Highway serves For!
Providence which is 220 miles southeast ol the Permit
and is the closest road to the area. Access (o the
Permit itsell is by helicopter or on foot during the
summer or by vehicle during the months when the
ground is frozen. However, there are no roads in
the area and considerable road construction would

be required to reach any particular area.
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The surtace of me Permil is quite fatl-
lying and 1om! relie! does not exceed 150 lee!,
There is a poorly developed drainage patlern
within this area and most ol the siream fllow into
the Johnny Hoe River which flows through the
Permit ., Most ol the sireams are small and
intermitlant,. A layer of very solt muskeg covers
this part of the Northwest Territories and this
muskeg is so soft that it is impassable to all but

specialized vehichles,

Vegetation consists of thick stands of thin
evergreen irees intersperced with many open areas.
These open areas are covered by muskeg grass
and scrub deciduous growth, The evergreen trees
show up as a medium gray tone on the mosaic and
the open areas are a lighter gray. A few small

patches of deciduous trees are present.

There is no topographic form or aerial photo
feature presert which immediately suggests the

presence of any geologic structure.,
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The results of this survey are illusiraled
on the Towmwl Fracture Map, the Mega Fractlure
Map plus the mosaic with the Iracltures super -
imposed. In addition there are three hypothetical
cross-sections. All the above can be found in

the folder at the back ol this report.
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QENERAL BTATEMENT

The siraligraphic decues on pressned
rerewith s based On a shudy of e area .
covered by Peirolewn and Nawrael Gas Fermi
8089 and Permitas 3082 10 308 inchmive. The
north limit ol this area is locaed alog e sou
shore ol the Keith Arm ol Great (fear Lake
and it trends southeas! 10 about 84° 00
121° 00, NoO wells have been drilled in e
area and surlace oulcrops are rare and widely
scattered. Therelore,6 ! has been fecesanry
10 study the regional geology of e whole
Northwes! Territories ¢, make marny pro-
jections ol dala and, admitedly K esove of Fese
projections are rather long-ranged e e
when combined with such subeu face ~lar neiian
as s avallable an accurae pichwe of Pe

sedimentary siraligrep 'y can be presered
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on a4 snowledge of present Fre - -Cambirian
siructure as well as ite topographical espress on,
Ahen the sands were bLeing deposited -
gravity meter and airborne ma gne tlome e r
survey could be used 10 QOOd advaniage n
locating areas for more detailed exploration
Source rocks lor hydrocarbons should be no
problem since the oulcrop sectlion oreviously
described would appear (0 contlair. an adequate
source within its bituminous shales. This
section should be considered in any exploratory

olans for this area.

MACDOUGAL GROUP

The type section of the Macdougal Group
is located about 130 miles west of this area in
the Dodo Canyon of the Macdougal River. At
the type section the Macdougal is divisible into
a number of formations which total 997 feetin

thickness . The base is placed at the bottom

RAYALTA PETROLEUMS LTD.




o a 130 oot Wua e Mau s by Beae afus e e
e oo e neced abive 30 feet o sventy beduiesd
limeeatone w ™ afale o lioge T re oot ogy

e made uo o Nnerbedded liveslaones . sand
slonea, reddian colowred gynewr™, bAacw
netroliferous shaleas, red and green arales ae
well as choclate coloured shales . Trhe Imoeria)l
Fiver section which w~as mapped by Laudon lies
30 miles 1o the northwes! ol the tyne section
The section, which is |,839 lee! thick with

the base not exposed, consists ol allernating
sandstones, |limestones, gypsum and vari-
coloured shales. The lower part consists

ol sandstones with minor shale interbeds which
appear to be a shallow water deposil since
they are ripple marked and cross-bedded. The
section becomes increasingly shaly upwards
The gyosum content is also greater near the
top. A 146 foot thick bed ol black to dark
grey, laminated, algal limestone is located near
the top of the section. Calcareous algae up

to three feet in diameter are present. At

RAYALTA PETROLEUMS LTD
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creates the possibility of salt structures in the
overlying carbonate banks similar to those found
to be productive in southeast Saskatchewan and
at Rainbow L.ake in northwestern Alberta. The
algal laminate at Imperial River indicates some
organic aclivity in the Macdougal seas and this
coupled with underlying salt features, could give
rise to hydrocarbon bearing reservoirs within
this sequence. The petroliferous shales within
the Macdougal should be adequate source
material. The Macdougal has been reached by
very few ol the wells drilled in this region and
no where has it been fully penetrated. Imperial
Vermilion Ridge No. |, drilled 3,177 feet of
Macdougal beds without reaching the underlying

Katherine Group. To date no reservoirs have

been tested in the wells which have drilled to

the Macdougal

RAYALTA PETROLEUMS LTD




%
0000000000000 OCODODOOG O O O

ORDOVICIAN-SIL URIAN

RONMNNING FORMATION

Rocks of Ordovician Age have not, as
noted by wvarious authors, been definite'y identi-
fied in this region; however, it seems to be
generally accepted that they are present in the
Norman Wells region. Tihe contact with the
underlying Macdougal is unconformable. Stelck
mapped |,500 feet of shales and argillites at
outcrops in the Upper Peel River area, which
lies some 300 miles to the west of these Permits.
About 150 miles west of the Permits, at the
Keele and Twitya River confluence, the
Ordovician section was mapped by Keele as
4,000 feet of alternating beds of argillite, dolo-
mite and limestone with |,500 feet of sandstone
overlying and separated from them by a 100
foot thick diabase sill. He mapped this same
sandstone 35 miles to the east as being 4,500
feet thick with only occasional shale partings.

The sections described in outcrop by Keele

RAYALTA PETROLEUMS LTD




and Stelck along with the scattered subsurface
control available have been used to establish
some regional lithofacies trends for the Ordo-

vician.

The Upper Peel River section is mapped
as an open marine basinal sequence of shales
and argillites. Flanking this basin are shelf-
edge carbonates which are reefal in part.
These shelf-edge carbonates are found along
the MacKenzie Mountains and on the Peel
Plateau. Back of the shelf-edge carbonates
are the shelf carbonates proper, which are
generally _lean, finely crystalline carbonates
with variable porosity. They are present
over most of the interior plains and should

underlie the Permits under discussion

The distribution of Silurian Age strata
covers a much wider area than do the beds
of Ordovician Age. L.ithologically the Silurian

rocks are very similar to the underlying
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Ordovician beds and for this reason as well as
ease of working with them, they have been
grouped together as the Ronning Group. The
sedimentary pattern for the Silurian is very
similar to that established in the underlying
Ordovician In the Norman Wells area the
Ronning Group can be divided into two form-
ations, a lower unit named the Franklin
lMountain and an upper unit named the Mount
Kindle. The Franklin Mountain Formation is
generally composed of limestones and dolomites
with abundant irregular shaped chert nodules.
The Mount Kindle is usually found to consist
of a sequence of chert poor limestones and
dolomites which tend to thin in a southerly

and easterly direction.

The Franklin Mountain Formation
should be approximately 800 feet thick in the
area covered by these Permits. It should
consist of clean, finely crystalline shelf car-

bonates with abundant chert inclusions arnd

RAYALTA PETROLEUMS LTD
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(b) As outlined previously, low

reef fronts or carbonate banks may
be present and coupled with a seal
provided by overlying Bear Rock
evaporites could present an extensive
trap L.ateral facies changes from
porous to semi-evaporitic carbonates
also provide a potential trap of

considerable areal extent.

(c) Selective solution of the under-
lying Cambrian Saline River salt
may give rise to one or two stage
salt solution structures such as

are found to be productive of oil

in the Hummingbird area of south-
east Saskatchewan. Partial solution
of the salt prior to or during Mount
Kindle deposition would have served
to provide local elevations on the
sea bottom where the salt was not

removed. These local elevations

RAYALTA PETROLEUMS LTD.
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would provide the loci for reef
and/or carbonate banks to grow
on. Traps of the Hummingbird
type would involve early local
solution of the salt. This may
have occurred in late Cambrian
or early Ronning time. The
depressions created would receive
an extra fill of sediments over
that being deposited where the
salt was not removed. Once
sedimentation within the sink
caught up, subsequent sediments
would be deposited on a normal
sea floor The second stage in
the formation of the Hummingbird
type trap would involve the re-
moval of the salt surrounding the
original sink at some time subse-
quent to Mount Kindle deposition.
This would leave the Mount Kindle

reservoirs overlying the site of the

RAYALTA PETROLEUMS LTD




original salt solution structurally
high. The Bear Rock evapories
should provide an elleclive reser-
voir seal. Evidence 10 support
one or two stlage salt removal

in this region is present in the
brecciated nature ol the sediments
composing the L.ower Ronning and
Bear Rock sediments in known

sections

(d) Gentle to tight anticlinal

folds may have been formed by
some of the numerous periods
of structural activity which have

occurred in this region,

MIDDL E DEVONIAN

EEAR ROCK FORMATION

The Bear Rock Formation overlies the

Ronning Group and is separated Irom it by a

BAYALYA retmow
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Mountains continues southeast along the west--
ern side of the MacKenzie Mountains. The
basinal shales are flanked by a belt of shelf-
edge |limestones and dolomites along their
eastern side. Porosity is developed within
these carbonates. Adjacent to the shelf-edge
carbonates and covering much of the Interior
Plains and Peel Plateau area are the shelf
limestone and dolomite facies. In the Peel
Plateau they attain a thickness of some 2,000
leet and consist of micritic, pellet and micitic
skeletal limestone with intervals of finely
crystalline, porous dolomite in the lower part.
The shell carbonates are in turn replaced by
a relatively narrow belt of shelf dolomites.
This lakes place in the MacKenzie Mountains
and extends in a line north through the Fort
Good Hope region and south into the Camsell
and Nahann! Ranges. The shell dolomites in
twrn are replaced by an evaporitle lacies along
eir entire length, This lacies change begins

o e weaal of Norman Wells., In the Norman
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Welis area and also in the area of the Permits
under discussion the basal portion of the Bear
Rock is commonly evaporitic while the upper
portiorn consists of carhounate breccias. The
evaporite facies extends southward into northern
Alberta where it is known as the Chinchaga
Frormation. South of Norman Wells a strong
depositional feature called the Camsell Basin
occurs., Thickening from 2,000 feet to more
than 5,000 feet, accompanied by facies changes
from evaporites through shelf cai bonates to
basinal sediments takes place into this basin.
The shelf carbonates are cryptocrystalline

to microcrystalline dolomites while the shelf-
edge facies is reefal with some of it atleast

being porous.

The Bear Rock carbonates in the
Norman \Wells area have been found to be very
porous in some wells while in others the
porosity has been plugged by anhydrite and

gypsum. Considerable bitumin has been en-
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countered in places. Drill stem test results
vary from mud recoveries to water flowing

to surface. While the wells drilled by Western
Decalta at Rond L.ake are about 250 miles

to the northwest of the Permits under re.iew
the oil shows in these wells is significant in

that they establish the presence of hydro-
carbons in beds of Bear Rock Age. Decalta

et al Rond Lake # 2, located in 67° §' 27" N.,
and 128° 25' 42" W., lost circulation near the

top of the Bear Rock and sulphur water was

bailed from this interval. Decalta et al Rond
Lake # I, located in 67° 04' 5I" N., and 128°
28' 18" W., flowed sulphurous water on a test

conducted about 900 feet below the top of the
EBear Rock. Subsequent to the completion

of drilling, a plug was set to 1,046 feet. The
hole was bailed to 600 feet with oil cut sulphur-
ous water being recovered. Three weeks
later the hole was again bailed with oil cut
sulphurous water recovered again. Indicative

of the stratigraphic trap possibilities, is the
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fact that the Rond Lake # | well was lucated
downdip to the # 2 well and recovered oil cut
water near the base of the Bear Rock, while
# 2 well only recovered sulphurous water from
the top of the formation. The Bear Rock could
be placed in trap position by any of the various
structural conditions outlined in the preceding

discussion of the Ronning Group.

The Bear Rock is present in outcrop
along the Hare Indian River about 140 miles
northwest of the acreage under review. It
consists of typical brecciated limestone and
gypsum. The brecciated nature of the Bear
Rock was previously mentioned as being a
probable product of the solution of the Cambrian
Saline River salt. A more conventional theory
for the origin of the breccia is thatit is a
product of the sharp disconformity separating
the Ronning Group from the overlying Bear
Rock Formation. This theory is doubtlessly

true for the basal portion of the Bear Rock
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related diachronously with the lower portion

of the Keg River Formation of northern
Alberta. The correlation is based on ostracod
zones within the Hune and L.ower Keg River
Formations. The Hume has been found as

far north as the Anrderson River. The thick-
ness of the Hume is quite variable as is readily
apparent if the type section is compared to the
section at Schooner Creek, which is four miles
north of Norman Wells. The Hume here is
only 8.5 feet thick and consists of limestone,
black, shaly to slaty and fossiliferous. The
basal foot is a one foot thick conglomerate
indicating a disconformable contact with the

underlying Bear Rock.

The Hume Formation is generally
e~countered as a non-porous rock both in
outcrop and in subsirface. The Keg River
plattorm ol northern Alberta is also normally
a non-porous rock; however, it does develop

into marginal shoal along the north flank of the
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Peace River Arch. This marginal shoal is

very porous, granular, reefy dolomite which
yields large quantities of water when drill stem
tested. The marginal shoal is in turn re-
placed by back shoal mud flats, which are the
lateral equivalent to shoreline sands. The
sands have been found productive of oil in
some locales. The facies pattern developed
along the north flank ot the Peace River Arch
should have been repeated in this area long
the margins of the Pre-Cambrian Shield. The
marginal shoal and the shoreline sands may
have been removed by one of the many periods
of deep erosion that have occurred in this
region; however, the acreage covered by
these Permits must be considered as very

well placed to evaluate these possibilities.

The Hume has been described at various
localities as being very petroliferous in part.
This situation is also duplicated in the Keg

River platform where it is overlain by the




T

productive Keg River pinnacle reels in nath-
western Alberta. The Keg River platlorm is
almost certainly the source of the oil in these
prolitic reefs, and because ol the similarities
outlined above any reservoirs developed in the

Hume must be considered as prospeclive.

HARE INDIAN

The contact ol the Hare Indian with the
underlying Hume is generally sharp and pro-
bably represents a sudden intlux ol mud into
a clean well aerated sea It appears 10 re-
present a mud bank deposit with the source
area lying to the noritheast, partially ftilling a
large basin. The contact ol the Hare Indian
with the overlying Kee Scarp is sormewha!
diachronous, since it is generally placed at
the point the section changes Irom predomin
ant shale to predominant limesione Faces
changes thus account 10r the diachs onous
nature ol the contac! as well as having een

the cause ol some ol the cornfuaion wheh o e
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Scarp in the Norman Wells area consists of a
lower platform unit which is about 75 feet to

' 165 feet thick ard lithologically is a bedded lime-
stone with abundant fossils. The platform unit
is usually devoid of hydrocarbons. Overlying
the foundation unit is a biohernal reef which
constitutes the reservoir for the Norman Wells
Oil Field. The reef is composed of materials

such as corallites, bryozoans and stromato-

[ poroids set in a coral sand matrix. The
facies varies widely between wells as would be
expected in a true reef. The thickness of

the Kee Scarp reef above the platform unit
varies rorn zero (0) leet to 350 fteet in the
Norman Wells area. The greatest overall
measured thickness ol Kee Scarp in the area
s 498 lee:. The Kee Scarp is overlain by
the Canol Formation, or, in its absence, the
Hart Creer shales which Passe! redelined as

vart of e Imnerial I aormation
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The oil in the Norman Wells Field is
trapoed in the updip end of a discrete Kee
Scaro reef. The thickness of the reef ranges
up to a total of 495 feet. Reserves in the reef
have been estimated as high as 60,000,000
barrels while the productive area of the field

is nlaced at 2,600 acres.

The platform unit of the Kee Scarp is
undoubtedly the correlative of the Upper
Famoarts limestone unit mapped by Hume.
This fact, as mentioned above, means the Kee
Scarp is a widespread unit. Since the Kee
Scarp reef grows upwards from the platform

unit any well drilled in this area and any

acreage held, must be considered as possibly
containing discrete Kee Scarp reels. Maximum
ree!l growth, regionally, has generally been
found on the margins of Hare Indian thicks ,
however, the presence ol them does not ensure
Kee Scarp reels. The margins ol the two

Hare Indian thicks, which were described

900000000 OCOCOCGCOONOONOIOGEOOONNO




under the discussion of that formation, have
not yet been found to contain reefs; however,

they have not been adequately explored either,

UPPER DEVONIAN

CANOL FORMATION

The Canol Formation was defined by
Basset to include the black to very dark brown,
non-calcareous, bituminous shales which overlie
the Kee Scarp, or, in ils absence, the Hare
Indian Formation. The Canol is overlain by
the Imperial Formation. The Canol may be
the equivalent of the lower part ol the Bear
River shale ol northeastern British Columbia .
The Canol thickness ranges Irom zero (0)
feet in the Norman Wells area. The thickness
varies in relation 10 the underlying Kee Scarp
ree!l much in the same manner that the Ireton
thickness is related to LLeduc reelas within the
Province ol Alberta, |.e. the Canol thine over
the reels 10 nil in places and thickena in the

oll-ree! direction, The Canol Formalion should
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this erosion is very difficult to make. North
of Norman Wells this erosion has in places
removed the entire Upper Devonian sequence,
leaving the Middle Devonian Formation at

subcrop.

TERTIARY

The Tertiary sediments n the Norman
Wells area are not subdivided. They consist
ol conglomerales, gravels, shales, lignites,
soft, coarse, carbonaceous sands and soft
clays. The Tertiary is exposed south of the
Permits under review in the Mt, St. Charles
area long the Great Bear River. Plants
collected Irom the exposures along the Great
Bear River indicate an Eocene Age. The
thickness is approximately 600 fee! at these
exposures., Al exposures on the Little Bear
River, 1,600 feet of Tertiary sediments
have been mapoed. Near the headwalers

of e East Fork River beds up to 1,200 lee!




) @

have been mapped with coal seams eight feet
to ten feet thick The sections mentioned
form part of a basin which dips to the south-

west in this area

It is recommended that further evaluation
of the Permits under review consist ol gravity
meter and/or airborne magnetometer surveys
They should be ol greatl assistince in outlining
the distribution ol the Salire River sall and
any sall siructures associated with it The
present structure ol the Pre-Cambrian Pase
ment! could probably be mapped by this method,

also, as well as providing a better idea of the

drilling depth to it
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GRRiNe &% & SHINE 0F0 sorairally Brger Pun
0 rSee WAre afiuh uiee Pas,

Thare ore o orene o» P ~omis where
e Fres 070 s MR Pun P Swrrounding
oren. Seme Weshres are ahays present within
P00 re0e Wt Poy svays Pave & lower incidence
fan Pe swrreunding eres. These low Intensity
eress are impernn and It is quite ikely hat they
ore duwe o some subeuriace feature. The type
of leature will he discussed In the next section of

this report,
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Petroloun and Natwe! Gas Perma Neo . 5007
is located on e interier phin of he Nerthwest
Terriories adbout 60 miles west of the edpge of he
Pre-Cambrian Shield. The esirike of the sedimen-
ary rocks s about north 30 degrees west and the
units dip (0 the southwest at a few tens ol feet per

mile .

Siructurel features which could be present
and which could cause the low incidence anomalies
mentioned in this report are discussed In order or

probability .

(1) -CAM R v
Basement topography under Permit
No.5067 is thought to be much the
same as it is today along the southwest
edge of the Shield. L.ow rounded hills
separated by gentle to abrupt valleys

are seen on the Shield and these

RAVALTA BETROLAUMS LID,
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ohres are winbndy sresen
wider Po oubpet Feremin  The
oot of Pwe Boserornt rele! on e
veriyng sedmentary ~ochs o shen
oreat The Orenite ‘aeh sand e
usually oresen e tepegreghic
“lows" on e Besemeont bt Sbeere
on he"hghe” The Orenie Wash
is an excellent potertinl reservelr

Further eflects of Basement tope-
grephy on beds higher hen he
Orenite Wash is gentle floiding present
over Basement hile These loide ere
anticlines in every sence and could

form trepe lor oll or gae

Many small fevis have been reperwd
by A W Norris (1968) in he Basement
and immediatkely overlying rocks and
these fleatures could cause closure

within the sedimenary unite
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Lower MacKenzie Area, Canaca,
Bull. Amer Assoc. Petrol.
Geol., Vol , 43, 0,

2399 - 2488 No oc
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