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Locations of photographs are shown on the mosaics

The main street of Fort Good Hope, N.W.T.

Helicopter at ita base, Fert Good Hope, N.W.T.

Bicherm in Lower limestone member of the Ramparts formation.

Large coral colony in Lower Ramparts.

Middle shale member of the Ramparts formation.

Mackenzie River flowing through the Ramparts.

Upper limestone menber of the Ramparts formation.

Stromatopora reef in the Upper limestone member.

Contact of Ramparts formation with Fort Creek formetion.

Cretaceous sandstones unconformably overlying the Upper lime-
stone menber of the Ramparts formation.

Angalar unconformity between the itamparts formation and Cre-
taceous sandstones.

Thick lenses of coal in basal Cretaceous beds.

View from the sir of impregnated basal Cretaceous san’s.

Crossbedded basal Cretaceous sands, impregnated with dried
oil.

Basal Cretaceous conglomerate at Mackenzie iver, near Airport
Creek

Basal Cretaceous sandstone east of Fort Good Hope.

Gas seepage on a tributary of Hare Indian River.
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| of an ares that ie loceted in the immediate vicinity of Fort Good Hope, N.jW.T.| and to the east of that settlement. The work was conducted dwring the summer_ of 1959 by 2 J.C. Sproule & Associates field party, ct the request of Mr. H.B.| Hicks, acting for Glacier Explorers Limited, hereinafter referred to as "the
Company."

graphic and structural data leading to a preliminary evalustion of the petro-

| particular reference to the identification of a suitable structure for a dril)-

| and Natural Gas Permits numbered 1533 to 1544, inclusive. The
i

| which was sold to The Atlantic Refining Company

These were_ entitled: "Preliminary Geological Reconnaissance Report, Lower Mackensie Plain| Avea, N.W.T.,” 1957, and "Geological Reconnaissance Report, Glacier Explorers
;
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GEOLOGICAL REPORT

GLACIER EXPLORERS LIMITED P. & N. G. HOLDINGSaerate

nent

FORT GOOD HOPE AREA, N.wW.T,
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INTRODUCTION

Description of Project

The present report contains the results of a field geological survey

S
E

aS
R
R
T
E
R
E
D

a
vOI
C

The principal objective of the study was to obtain detailed strati-

leum and natural gas prospects of the Fort Good Hope structural arch, with
ing location.

The Company holdings consist of a rectangular block of lands situatedon both sides of Mackensie River, but mainly to the east, comprising Petroleum
totalapproximtely 617,472 acres. The Company retain a full interest in this area,which originally formed part of a more extensive block, the greater part of         Reports concerning the original holdings were prepared by J.C. Sproul& Associates and submitted to the Company in two previous years.
 

Limited P. & N. G. Holdings, Lower Meckensie Plain Area, N.oW.T.,y" 1958. Mostof the data and conclusions recorded in these reports are still valid, and havebeen incorporated in part with the present report.

The geological evaluation of the Fort Good Hope Permit crea was car~ried out a9 combined air and ground survey. In this project all previous  
4. C, SPROULE & ASSOCIATES
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@ | work, in the form of both photogeological and ground studies, was taken into| consideration as background material. In the present field work it was plan-| ned to study outcrops as fully as the working season permitted. The detailed| study of outcrops was to be expanded by the exploration of strategic localitiesthat were covered by #01) and vegetation. For this purpose several hand augers_ and a McCullough Model-99 power auger were flown into Fort Good Hope. These| Sugers are capable of reaching a depth of 20 feet or more under normal circun- i_ stances, but after considerable exnerinentation it was found that the equipment || was not adequate to cope with permafrost conditions. As a result, the drilling |project was abandoned without such having been accomplished. f

| The field project was conducted under the supervision of a. desit,. assisted by party chief G.A. Wilson, and junior assistants M. Korostil and A. G, Hicken. Considerable assistance in field mapping and photogeological
| studies was also receive ?rom senior geologists D.L. Campbell and G.P.E.| White, and from Dr. W.Q. Kupsch, Assistant Professor of Geology, University ofSaskatchewan, employed by J.C. Sproule & Associates for the summer months. Dr. |JeCe Sproule spent several days at Fort Good Hope reviewing the photogeologyand field geology of the ares. In addition, the party consisted of helicopterpilot D.E. Sholberg and engineer M.J. Stasek. Acknowledgnent is also due to
M. Hornby, our Expeditor located at Fort Good Hope, whose responsibility it wasto handle and distribute supplies and equipment to all our field parties work-ing in the Northwest Territories. M. Rivet was the cook.

  

 ) Due to terrain problems most transportation of field crews was car-
by air but a canoe with outboard motor was also used to study the| cliffs of the Ramparts and other outcrops along the Mackenzie River. The mostused transportation unit was a Bell Model G2 helicopter, chartered from| Vancouver Island Helicopters Ltd. This aircraft had been mounted on rubberfloats to unable it to land on both land and water. A Beaver float-—equippedaircreft flying under contract for J.C. Sproule & Associates, and owned by| Cascade Air Service Ltd. of Chilliwack, B.C., was stationed at Fort Good Hope.| This sircraft maintained connections with our other field parties and with| Norman Wella, and leo provided a aefety factor with respect to the extensive

| airborne operations.

Field operstions oa the Company holdings began in early August ard| ended September 25. All personnel involved in the mapping project of the Fort‘ Good Hope area were stationed at Fort Good Hope where @ two-storey house hadbeen rented which served as storage, office and sleeping quarters. A small hutwas made available to us for cocking and meals by the Department of NorthernAffairs. The cooperation of officials, who include personnel of the Departmentof Transport ond the K.C.M.P., ie gratefully acknowledge.

In the present report the geological features of the Company holdings| are discussed in 2s much detail as the available data permits. Regional data| Which have a bearing on the locel structural and stratigraphic problems are| presented. The report is illustrated by maps, cross-sections, coloured phote-
| graphs ond photomossaics.
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Previous Work in the Area

For details regerding early exploration of the Mackensie Basin we
refer to the report we prepared for the Company in 1958. In summary, geolo-
gical exploration dates back to 1488 when the Geological Survey of Canada sent
a small reconnaissance expedition into the general area. In 1920 01] was dis-
covered at Norman Wells, but most development of the field took place during |
the Second World War. Severs] wildcat wells were drilled in the genera] Norman
Wells ares of the Mackenzie valley during and immediately after the war years.
All of these wells were dry. The Sans Sault No. 1 well, nearest to the
holdings, was drilled in 1945 on the left bank of Mackenzie River at a distance |
of approximately 70 miles south of the Fort Good Hope Permit. area. This drill
hole penetrated the Bear linck formation of Devonian age and reached « depth of
35291 feet.

PHYSIOGRAPHY AND ACCESSIBILITY

For convenient reference, the physiography and accessibility of the
area are summarised below. In reading this summary you are referred also to
the accompanying Figure III. For a more complete description please refer to
our 1958 report.

The Company holdings are situated within the Interior Plains physio-
_ graphic province. To the south lie the folded and faulted ranges of the
Franklin » Which curve from a westerly direction to the southeast.
The most northern renges of the Franklins are the Beavertai] anticline and
Jacques Ridge, which lie 12 to 20 miles south of the Fort Good Hope Permit

| area. These mountain renges reach moderate heights of little more than 1,000
| to 2,000 fect. Due to the westward tren of the northern Mackenzie
_ the Plains ares widens considerably and stretches from Fort Good Hope scue 180
| miles to the west and more than 250 wiles eastward to she Precambrian Shield.

The Mackenzie River flows to the north and cuts the project ares in
| two parts, the large of which lies on the east side. Upstream {rom Fort Good

_ Hope the river flows between limestone cliffs which rise almost “vertically to
heights of 200 to 250 feet. This wide canyon is called the Ramparts.

The Compsny's Fort Good Hope Permit area is largely a platesu, with
hills which reach a height of more than 1,100 feet in the southeast corner.

_ Lakes and muskegs cover valleys and flat sreas. The wide valley of Hare Indian
| River occupies a large area within the northern and central portion of the Per-
mit block. Many peculiarities of the relief are directly related to che
| character of the underlying rock formations. Devonian limestones, which lie
| near the surface in the south part of the erea, hove caused the development of
| canyons and escarpments. Shales have resulted in featureless plains with lakes
and extensive muskegs, while many rounded hills are underlain by sandstone or

| Glacial drift.      



 

  

  

 

| frequ é
| 88 high as 95° Fahrenheit have been recorded at Fort Good Hope, but frost my

_ mately the first week of October, while the spring breakup of ice takes place

_ cipitation during the year is relatively low and does not exceed 10 inches, but

| Culture

all year at Fort Good Hope include representatives of the Royal

| Hudson's Bay Company, the Roman Catholic mission. The Department of Transport

| permafrost layer to recede or to disappear altogether.

| As well as the Hudson's Bay store, there is a free trader at Fort Good .
ernment

-h-

High lends and the edges of streams and muskegs carry « vegetation
of trees which include mainly spruce. In places, temarack, poplar and birch
are also plentiful.

The Company holdings lie within the permafrost region which surrounds
the Arctic Ocean and reaches south as far as the province of Alberta. The |

 
| problems involved with permafrost are now better understood than in the past
and are receiving increased attention. The knowledge obtained from studies
made in previous years has facilitated greatly the major construction enter-

| prises which are now in progress in the north country. As an exception to

ig located on a ridge between deeply incised valleys. This locality is almost

general conditions, Fort Good Hope has no permafrost problem. The settlement |

stripped of vegetation and the soil is well drained, which has caused the i

Climate

The Company holdings lie immediately south of the Arctic Circle and
enjoy long hours of daylight during the middle part of the sumer. Tempers-
tures during June, July and /ugust average approximately 55° Fahrenheit and

ently reach 70° during the warmest part of the

be expected at any time during the year.

Winters in the area are dark and cold with average daily temperaturesof about 50° Fahrenheit below freezing. The lowest temperature on record is-79° Fahrenheit st Fort Good Hope. The period of freeze-up is usually approxi-

the first week in May, but these periods vary from year to year.

the humidity of the atmosphere is rether high.

The settlement of Fort Good Hope lies within the Company holdings.
The population includes about fifty Indian families. white residents who stay

Canadian Mounted)
Police, the Department of Transport, the Department of Northern Affairs, the

maintains a radio station which provides a very commnicetion service.

HopeThe presence of 2 permanent Gov sponsored nursing station is also an
asset and adds to the safety of operations in this area.

During seversl past summers our firm has employed Indians of FortGood Hope as laborers, guides and cooks, and we have found the services of these
men and women most satisfactory.  a 7 ee
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| Accessibility

| Access routes to Fort Good Hope by air ani on the water, and also
_ the access problems during break-up and freesr-up, are discussed et some length
| in the 1958 report. Bulk supplies can be mos’ economically shipped into the
Fort Good Hope ares by barge on the Mackenzie River. The airline connecting
Fort Good Hope with Edmonton, Norman Wells and Aklavik, was operated formerly
by Canadian Pacific Airlines, and Pacific Western Airlines has maintained the

| game service since early 1959, with 2 schedule that has undergone little change,
| Commercial flights by P.W.A. Ctter aircraft between Aklavik and Norman Wells
_ stop at Fort Good Hope once each week. Various major access routes ere indi- |
| céted on @ map included with the present report (Pigure III). |

} The interior of the Fort Good Hope Permit ares can be reached with
heavy equipment in the winter, when lakes and muskeg are frozen. In sumer

limited areas adjacent to the Mackenzie diver are readily accessible.
| Flat-bottomed boats can possibly travel some distance on Hare Indicn River with
| high water in early spring, but most of the summer the river is too shallow.
Tractors could move a few miles over land northeast of Fort Good Hope by taking

| adventage of a high esker ridge.

} REGIONAL GEOLOGICAL SETTING

The lands held under P. & N. G. Permit by Glacier Explorers Limited,
| Which are the subject of the present geological study, lie within the central
| portion of the Mackensie Basin. To the south lie the Franklin Mountains, which
_ consist of sub-paralle] anticlinal renges. The streta exposed in the Franklin
| Mountains are Cambrian to Pleistocene in age and include several large streti-
| graphic intervals which, undoubtedly, are in the subsurface within the Fort

| outcrop sections in the Mackenzie Mountains and Richardson Mountains and also
| from smaller exposures on the Plains to the north and east of the project area.
| Deposition of sediments in the Mackensie Basin began in Precambrian time and
has continued, with many interruptions, to the present. Sand and clay sediments

| are still accumlating in the Mackenzie delta and layers of peat are forming on| the uplands. Periodical uplifts above sea-level in parts of the basin ares and,
_ More rarely, energence of the entire basin, caused destruction of the record of
_ sedimentation in certain intervals of geologic time. The sedimentary succes-
| Sion is most complete in the western Territories and in the Yukon. In the
| vicinity of the Company holdings a large hiatus exists between beds of Devonian
| age and Lower Cretaceous sandstones and shales. The late Paleozoic and early
| Mesozoic deposits, if they were present at any time within the area, have all
been removed by erosion, but the sequence from the late Precambrian to the late

| Devonian is fairly complete.

! The Fort Good Hope Permit ares lies within the Interior Plains, which| are structurally less deformed than the adjacent mountain belts. Upon closerb
i investigation it has become evident, however, that faulting and folding are  

}
}

ee  
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| much more common within the Plains than would appear from a cursory examination.
The field work carried out on the Company holdings in 1957 brought out the

| existence of a structurally high area in the Vicinity of Fort Good Hope. A
| detailed investigation of this feature was the principal objective of the work
| done during the swmer of 1959. The festure concerned appears to be regionally
high with the axis disposed in an east-west direction. It dips sharply to the
south, whereas the north and east flanks are more indistinct.
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STRATIGRAPHY

Parts of the stratigraphic sequence have been studied «t various
localities within the northern end central Mackenzie Basin. The following

| list of formations includes only those which have a bearing on the Company
holdings.

c
e
r
e

It should be noted that the nomenclature of the Devonian system is
under revision at present. In the spring of 1960, H.G. Bassett of Shell O41

| Company Limited, presented «= paper entitled "Devonian Stratigraphy, Central
Mackenzie Region, Northwest Territories," which will be published later. In
his paper Bassett deviated from the existing nomenclature end correlations and
proposed a new set of Yormational names. Our geologists are in full agreement
with Bassett's correlations which, in effect, have been employed by our firs for
several years, but some of the proposed nomenclature may be revised before the
publication of the paper. We have continued the use of our owm, more conserve-

| tive, names in the present report. The relation of our nomenclature to that
| of Bassett and previous authors is demonstrated in the detailed description of
| the stratigraphy of the Devonian in pages to follow.
|

The Fort Creek and Imperial formations have been listed, provisional-~

|

a

| ly, under the heading of Upper Devonian. Paleontological studies are in pro-
| gress which may cast some light on the boundary between Middle and Upper Devon-
| ian rock series.
|
| A composite interpretation of the stratigraphic succession in the
| Vicinity of Fort Good Hope follows:

Table of Formations

Formation

| Age

or

Group

_

Lithology yet
CRETACEOUS Sane Sault Grey shales, siltstone and sandstone, 0-300

marine; porous, friable sandstone at
base.

~ UNCONFORMITY .

s
e
n
s
e

 

e
e

* Estimated thicknesses within Company Permits and vicinity.

o
s

Se Atemcee >FRAaMLISmE1aIONS, aen oc oteAOE =

J. C. SPROULE & ASSOCIATES   



 

 

 

 

| Ags

UPPER DEVONIAN

a

MIDDLE DEVONIAN

LOWER DEVONIAN

| SILURIAN AND
ORDOVICIAN

ORDOVICIAN

_ CAMBRIAN

EARLY CAMBRIAN
AND PRECAMBRIAN

Port Creek

Ramparts

Bear Rock

Macdougal

Katherine-
Tindir

Lithology aumenst

Shales, siltstones and greenish grey 0-200
to brown sandstones; carbonaceous
material common.

Black, bituminous hard platy shale; 0-350
fossiliferous sandstone at the base
in many places.

Upper Limestone Member: 600
Buff to grey limestones, very fossili -
ferous, in part reefal, bedded to mss-
sive; merges in the northern Mackenzie
Basin with the Middle Ramparts into a
Ramparts Shale unit (undifferentisted).

Middle Shale Member: 600
Greenish grey shales and thin-bedded
argillaceous limestones; dark shales
in lower part.

Lower Limestone Member: 500
Grey fossiliferous nodular limestones
and shales; local bioherms.

Momber: 200

one, grey to light brow, fine-
grained, thick-bedded.

Lower Member:
Dolomite, limestone, gypsum, anhydrite;
bedded and in part Recseiated:

- UNCONFORMITY -

Hard, light brown, dolomite; chert 2000
and vugs common.

Bedded dolomites and thin shale beds, 300-1000

unfossiliferous.

Coloured shales, evaporites, lime- 1500
stones and dolanites.

Quartaites and argillites. 1000+
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Description of Formations

_ Precambrian ond Early Cambrian

Tindir Group and Katherine Group

\ considerable thickness of sediments occupies a stratigraphic posi-
tion overlying strongly metamorphosed Precambrian sediments and erlying

| strata of established Cambrian age. The stratigraphic interval comprises a
— _ lower succession of varied lithology called the Tindir group which is overlain

| by a quartzitic sandstone sequence called the Katherine group.

The name “Tindir group" was given by D.D. Caimmes (1914) to a series |
| consisting largely of slate, quartzite, dolomite, phyllite and occasionally con-<
| Blomerates, exposed on the Alaska-Yukon International Boundary.

The Katherine group is a series of light coloured quertzites, quartz- |
itic sandstones, and black platy shales which are set in the Upper Carcajou |
River area. The group was named by Link (Hume, 1954) in 1921. This gvoup is

| possibly of Lower Cambrian age and the Tindir group has been regarded as
Proterozoic in age. The boundary between these groups is not well established

| but both reach, in several places, a thickness of many thousands of feet.

| A considerable thickness of Tindir and Katherine strata probebly
@ underlies the Company holdinge near Fort Good Hope. These beds sre generally

| strongly compacted and are usually well cemented. With the possible exception
| of some beds of the Katherine quartzitic sandstones, which may be locally
| porous, the stratigraphic interval is not prospective for oil and gas.

e
e
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| Cambrian |

General Description |

Cambrian beds have been recognised in several places in the Richard-
| son Mountains and in the Mackenzie Mountains, but due to the scarcity of fossils
| and also because of changes of facies the correlation of stra*igraphic units j
within the Cambrian system is not yet well understood. j

|
A series consisting of shales, silts, carbonates and evaporites con- —

taining rare Middle and Upper Cambrian fossils has been referred to as the Mac- |
dougal group in the Carcajou Range of the Mackenzie Mountains, southwest of
Norman Wells. It is underlain by the predominantly quartsitic assemblage of }
rocks which is called the Katherine group (Lower Cambrian?) in the same area.
The Katherine group has been discussed briefly wider the previous heading.

Macdougal

The Macdougal group, which includes beds of Middle ani Upper Cambrian
(86, has been defined in the Mackenzie Mountain area southwest of Norman Wells;
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the usage of the term is tentatively extended to various zones in the Yukon

dougal group by Williams (1923), and these include e
hoearke and Sepetoee This fauna indicates ey oer

age for es in which the fossils were found.

| gal group rests on predominantly sandy and quartzitic beds of the Katherine
_ group ond underlies Cambro-Ordovician dolemites, but neither the upper nor the
| lower boundary of the group is well established. A persistent zone of thin-
| bedded dolomites and green shales with edgewise conglomerates overlies the
| typical variegated Macdougal beds. This thin-bedded zone reaches 700 to 1,000
| feet in thickness in the Carcajou River area. As no fosails have been collected
| from this interval the age of the beds must remain in doubt.

| the general
| feet. In 1945 Imperial 011 Limited drilled 2 well named Vermilion Ridge No. 1
| at a distance of 25 miles southeast of Norman Wells. The well penetrated 3,173

est
i

of rock salt. Drilling was terminated in shales containing trilobites.

| thickness. There are several indications that Cambrian evaporites must be
common in the entire area occupied by the Franklin Mountains. Probably a local
salt basin existed here in Middle and Upper Cambrian time.

eeeeeeee

| at this locality, but the total thickness of roughly 2,700 feet was mich greater
| than that of the Macdougal group as it occurs farther east. Near Hume River,
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Territory which also contain Middle and Upper Combrian faunas.

In the Mackenzie Mountains west of Norman Wells and in the Franklin |
Mountains, mny outcrops of the Macdougal have been described by Canol Project |
geologists (Hume, 1954), and several new exposures were found by our field
parties. The beds consist of variegated shale, orgillite, limestone, dolomite, |
sandstone, quartsite, gypsum and, locally, rock salt. Shales seem to dominate |
in most sections, but the sandstone and carbonate content appears to have in-
creased considerably in some places. In the upper part of the Macdougal group, |
gypsun beds are comaonly found with thicknesses sometimes attaining several
hundred feet. In many places Paterina and have been recognized in
the Norman Wells erea. A thickbemd @ occurs 3 few hundred
feet below the evaporites in the Carcajou area of the Mackenzie Mountains.
Farther south near Wrigley, fossils were collected fromeefoesMac-

In the Franklin Mountains and in the eastern Mackunzies, the Macdou-

The thickness of the typical HMacdougeal sequence of rocks varies in
Norman Wells area from approximately 1,000 feet to more than 3,100

feet of Macdougal beds which included mch anhydrite and more than 1,200 f

thickness of the Cambrian in the well is probably exaggerated by tilting of the
beds and perhaps also by thrust-feulting or crumpling. Nevertheless, the sec-
tion contains an abnormal quantity of evaporites ani aust have a considerable

In the northern Mackenzie Mountaina, a section with lithology similar

egated shales, the gypsum beds and the limestone band were recognized

between Snake River and Mackenzie River, the typical Macdougal beds are absent.
| Here, the dolomites of —— Siluro-Ordovician character are immediately
| umderlain by an 800-foot ck quartzitic sandstone series. The top part of
the sandstone contains caste of salt crystals, indicating qresertila conditions    
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@ —— deposition. We regard the sandstone series of the Hume River area as

belonging to the Katherine group, and we fee] that the absence of the Mecdougal |
_ group is due in part to pre-Ordovician erosion. |

A considerable facies change can be noticed in compering the Macdou-
gal section nesr Snake River with Cambrian strata of presumably the same - i
in the southern Aichardsen Mountains and on Peel River. The greater part cf
the core of the anticlinorium of the Richardson Mountains consists of hard
fine-grained sandstones interbedded with varying amounts of hard, generally

~ | Mon-calcareous, black shales. Tho sandstones show crossbedding in many na
| The shales are commonly siliceous and in part cherty. Stratigraphically low |
| in the section, « sone of poorly bedded, fractured limestone occurs with 5 |
thickness of 400 to 500 feet. This may be linked lithologically with a similer |
limestone sone in the Macdougal beds farther to the south and southeast. Fur- |
ther lithological anslogy with the Macdouga). group is provided by Martin's re- |
port (1957) of the presence of gypsum in the Cambrian on the east side of the i

_ southern Richardsons. This occurrence has not been verified by our field |
parties. |

The Cambrian black shales and sandstones of the southern Richardson
| Mountains may range in age from the Lower to the Upper Cambrian. Certain
| Tetract sponge spicules, which as © group are relatively comaon through- |
i e section, may indicate « Lower Cambrian age for part of the beds

(Martin, 1957). Other fossils, including and some grapto-
| lites, are imficative of Middle to Upper age. concluded, on

@ | the basis of both fruns and lithology, thet a broad correlation oxists between
the Cambrian black shales emi sandstone series of the southern Richardsons and
the varicoloured beds of the Macdougal group.

Outcrops were examined on Peel River and at the eeee
| and Act Creeks in the central part of the southern Richerdson Mountains.
fluction, due to the severe climate, has littered ell gywith slabs of the

| Cambrian sandstone, and outecrep sections in river canyone a by
| folding and faulting. Estimates of the total thickness of the Cambrian series
_ in this area are, therefore, no more than rough epproximations and range fron
i 4,000 to 7,000 fest.

| In the northern Richardson Mounteins, 1 miles southwest of Akiavik,
& steeply dipping and partly emehed limestone ani dolomite section forms the

| core of a gently folded anticline of Permian end Jurassic strate. These car- |
_bonate rocks are probably all of Cambrian age. Most. of the section consists of |
Seontkeaeteeeoeee?forming the
| base. The limestones are partly oolitic and fraguental contain
abundant trilobite fragments. Some layers contein the ordattive nautiloid form

o
e

t « Brachiopods and trilobites collected from this locality include
, Ac and indicating Lower to
i e age © 9 1957)- ty was
noticed in several limestone and dolomite sones. The tote) thickness of the
reconstructed Cambrian sequence is 1,144 feet, but this probably constitutes
only part of the Cambrian in this area.
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@ Neer Hernine Mountain, close to the boundary between the Yukon and
the Northwest Territories, approximately at Latitude 67°%5' North, a spectacu-
lar carbonate sequence is exposed with beds ranging in ege from pre-Silurian

| to late Carboniferous. Pre-‘iilurian limestones and dolomites at this locality
have an aggregate thickness conservatively estimated at 3,900 feet, but probably
several thousands of feet could be added to this figure. Messive limestones
form the upper part of the section and are underlain by several hundred feet

| of coarsely brecciated delomites, which are in turn underlain by a thick series)
| of light grey and dark grey beided dolomites. The entire sequence is unfos-
siliferous and its age can only be surmised. Tentetively we would place the
brecciated dolomite interval at the top of the Cambrian, while the entire
dolomite section is broadly correlated with part of the Macdougal group, even
though the latter name does not seem applicable here on the basis of lithology.

| Equivalents of the Cambrian trilobite beds that occur 18 miles to the east were
not observed and possibly these still underlie the dolomite series near Hermine
Mountain

In reviewing the stratigraphic interval which is largely occupied by
the Macdougal group, the following general observations can be made. The

| thickness of the interval appears to increase in a westward direction. In the
| more wosterly outcrop areas, sedimentation mst have been almost continuous
| from Cambrian through Ordovician to Silurian time, but, if our interpretation
| is correct, the Macdougal beds are missing near Hume River, in the Nahanni
| Range, and ferther south near Mancho Lake. Thies means thet in those areas the
| Cambrian is separated from the Ordovician by an unconformity.

The general increase in thickness from east to west is accompanied_ by a change in facies from vericolowured shales and sandstones on the cratonic_ side of the basin, to Limestones and dolomites on the Pacific side. In the| southern Richardson Mountains, « black shale facies developed which was to per-sist throughout Ordovician and Silurian deposition. Evaporites appear, inpuereis to be clesely associated with the belt of varicoloured Cambrian clas-
tics.

Beds of Cambrian age are not exposed within the Company holdings near| Fert Good Hope, but 1,500 feet, more or less, of Macdougel beds my be expectedto occur at depth. Probably the interval consists of red beds with evaporites,with minor carbonates, similer in facies to the beds exposed in the mountains

g cian

| known Ordovician age a rock sequence of undetermined age is found in many places;We shall designate this as the Cambro-Ordovician interval. This sequence is| difZicult to define in terms of walid stratigraphic criteria; the upper andlower boundaries are vague; it contains no diagnostic fossils; and neither the| lithology nor the thickness is entirely consistent. Nevertheless, it seems to
@
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have certain constant characteristics and it is remarkably widespresd. The

 4nterval may be correlated with part of the Franklin Mountein formation cs

described by Williams (1922).

Lithologically the Cambro-Ordovician intervel consists generally of

medium~ to thick-bedded, hard dolomite layers, grey in colour and light brown

te buff weathering. In many places interbedding with thin dark grey or green~

ish grey waxy shale, silty shale or shaly dolomite can be observed. Higewise

| conglomerates and casts of salt crystals have been found in the beds at some |

locelities in the Mackenzie Mountains. These may point to eveporitic condi- }

tions er shollow water environment during deposition of the strats. The only

fossils found within the interval are algse which are similar to Cambrian forms |

se
re

n
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T

| known as

erp
h

oonOur field parties collected these in the Discovery Range

near Normen ° the northern Mackenzie Mountains and ot Airport Leke near |

The ovician interval grades upward into more massive dolo-

mite of Ordovician age ani its base forms « gradua] transition, with the under-

beds
epend

| Pranklin Mountains. the Richardson Mountains and near the Internstional

| Boundary, the Cambro-Ordovician unit seems to have lost entirely ite normal

bedded and buff-weathering aspect.

From the previous remarks, it is evident that the intervsl] requires

considerably more stwly in order to settle the questions regarding ite «ge and

lateral continuity.

 
The interval] comprising rocks of Ordovician «nd Silurian age is

| characterized by thick-bedded to massive, buff-coloured dolomites and limestones

| in most of the Mackenzie Basin. The beds are widespresd in the mountain belts

and in the Plains farther to the east. It is generally difficult to separate

| ordovician beds from the Silurian on the basis of lithology alone. lventually

| paleontology will provide useful criterias for stratigraphic subdivision and

| map . Fossiliferous zones occur in many places, but the extensive fossil

| collections thet were made in the past heve aided little in solving age and

correlation problems. Some of the founel assemblages which were classed os

| Niagaran (Middle Silurian) in the past are now ognsidered Richmondian (Upper

Ordovician) in ege. It will probably r some time for paleontologists to

| reach agreement regarding the proper stratigreriic position and correlation of

/the faunas. Hence, the strata that are most eine Silurian or Ordovician

| in agehave been combined unter the heading © group” in the present dis-

cus °

The Renning group appears to rest conformably on the Cambro-Ordovic-

| dam unit of bedded dolomites amd shales, wherever the latter is present in the  
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eastern Mackenzie and Franklin Mountains. Near lhe River, in the northern
Mackenzie Mountains, and in the Nahanni Range, Ordovician dolomite beds rest
on quartzites, dolomitic sandstones and siltstones which are thought to belong

absent here. Therefore, some evidence for a "break" in sedimentation at the
to the Katherine group. If this assumption is correct, the Macdougs] group is |

base of the Ordovician exists locally in the Mackenzie Basin.

4 division of the Ronning interval into smller units is difficult
_ to make on the basis of lithology alone. By camparing various sections 5 sug- —
gestion can be found of the presence of a more fossiiiferous upper sone and 4

| more cherty lower zone. Fossils snd chert are prevent, however, in both zones.

In the Mackenzie Mountains and Franklin Mountains the Ronning is
_ Pepresented by dolomites with cheracteristic buff colour. The dolomiies are

val in most localities but 1s generally more concentrated in the lower portion.

a
e

generally dense ani finely crystalline, but in places coarsely crystalline rock |
with some porosity also has been noted. Chert is common throughout the inter- |

It occurs in lsyers and concretionary nodules or as fossil replacements, and
weethers out on the rock surface as irregular rough "eacrustations."

In general, the Ronning is thickening in a westward direction. This

|
|

is accompanied by « decreese in dolomitisation to the west, where limestone has|
| Pemained an important rock component.

A etriking facies change from dolomite to black shale and sandstone
| has taken place north and west of the Mackensie Mountains, in the southern
| Richardson Mountains and near the Alaska border. A great thickness of black
| shales and argillites, cherts, thin brownish grey sandstones, ani quartzitic
| sandstones, with - few bands of limestone and brecciated limestone, is exposed
in the Peel River canyons and on many creeks on both sides of the Richardsons.
The aggregate thickness of this series is in excess of 5,500 feet. These beds

| rest on some 3,000 feet of limestone of undetermined age. Roughly the lower
half of the black shale and argillite series is Ordovician in age, as can be

| proved from a graptolite assemblage including Tet 8: among pany other
forms. The upper half belongs to the Silurian, as cated by numerous species
of graptolites, among wich the occurrence of Monograptus is particularly sig-

cant.

In the northern Richardeons, « group of rugged peaks, which have been
_ *Feferred to as the White Mountains, lies 50 miles southwest of Aklavik. A
section that was stulied in this ares on Hermine Mountain and vicinity contains

 & thick limestone sequence including some 3,000 feet of strata which, in part
at least, are Ordovician and Silurian in age. In the lower 2,000 feet no dis-
tinctive fossil evidence was found, but the upper part contains numerous corals

| such as tes and Fa tes, stromeatoporoids, and brachiopods similar to
| Sonchidin. of the has a emoothly weathered surface which re-
| veals e about the fossil content and the texture of the or compon~
/ ents of the rock. It upon closer examination that many massive bedsap
| contain abundant reef. ing organisms such es stromatoporoids and colonial     4. ©. SPROULE & nawsGuiATae 1
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corals. In some places the richly organic layers are associated with brec-
clas, which have to be interpreted as reef talus breccias. Evidently reefs
form a substantial part of the Renning carbonate sequence in this area, and
both bicherms and biostromes seem to be represented. Some porosity was noticed

_ din a few beds, particularly in the reef breccia, but most of the section
| Sppears to be tight in this locality.

The limestone facies of the Ronning interval is further developed in
_ & westward direction where it was recognized near the Internationalin the vicinity of Porcupine River (Cairnes, 1914), and in Alaska along the

| southern flank of the Brooks Range, where thicknesses of 5,000 to 6,000 feet
were reported by Mertie (1925, 1929).

A peculiar thick series consisting of slightly tilted, silty dolo-
mites and cherts was observed ten miles north of Rat Lake, or 30 miles south-
| west of Aklavik. This sequence of beds has been regerded as Ordovician in age(Martin, 1957), but diagnostic fossils ere lacking. The section is separated
from the overlying Permian beds by an angular unconformity, and it is dis-
similar to, and most probably younger than, the disturbed Cambrian strata thet
lie adjacent to it. We have labelled this section tentatively as Ronning,
although neither fossils nor lithology have provided any clue as to its proper
ah position. The exposed beds reach an aggregate thickness of
l, feet.

| The Ronning interval shows decided thickening to the west. In the| past it was generally assumed that Ordovician strate were largely confined to
| the Yukon. Our field parties collected Ordovician fossils in the vicinity of

i

Sam McRae Lake, 50 miles north of Norman Wells, and the fauna collected on the
| west side of Great Slave Leke is at present also regerded as Ordovician in age.
| It seems probable, therefore, that Ordovician strata form a considerable part
| of the Renning group epresding over a wide area east of the mountains.

| Dolomites appear to be the dominant rock type in the eastern portion
of the sedimentary basin. Ordovician dolomites have been found in the north|) on the Horton ani Hornaday Rivers (Mackay, 1958) and to the east on the shores
| of Great Bear Lake near the edge of the Canadian Shield. Information concern-
| ing Ronning sections to the west is scarce and generally incomplete. It is
evident, however, that the westward increase in thickness is accompanied by «
change in lithology from dolomite to limestone and black, argillaceous, grap-
| tolite-bearing rocks. The western black shale belt can be traced by plotting
| scattered observations from the South Nahanni ares and Ross River (Keele, 1910)_ to the Richardson Mountains and the International Boundary srea (Cairnes, 1914).
| limestones and graptolitic shales are also knowm from the Canadian Arctic
| islands, oan indication that this belt probably curves through the Arctic Ocean
_ to the northeast.

| The Ronning group represents sn almost periect setting for the condi-
| tions required in o major ofl province. The black shale sequence in the west
| can be regarded as an assemblage of source beds of impressive magnitude, while
| the reefal and clastic carbonates must have provided excellent reservoirs updip,
i

|
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(dolomite and limestone. Anhydrite and @ypeum sre also found, but these mineralsare not common in the exposed brecciated sections. Some gypeun beds in theFranklin Mountains reach a thickness of approximately 500 feet and may form part

_ nodules of chert. Intergramlar and vuggy porosity have been observed at

| Ordovician and Silurian dolomites, which are partly porous, underlie the en-

| mately 2,000 feet.

Lower Devonian

| geologists. Although many data concerning this unit have been collected over a

| the Bear Rock has long been in doubt. In older publications (Hume, 1954 and

| belongs to the Devonian system. The western correlative of the Beer Rock has
been called the Lone Mountain formation. It consists of thick-bedded dolomites

i. G. Bassett, Shell O11 Company of Canada Limited, has suggested an extendei| wsag

| that this proposal is acceptable.

| unit in the vicinity of Mackenzie River north of Wrigley. It is characterizedby intensive brecciation in most localities. In several places the basal Bear

-15-

on the east side of the sedimentary area. How such of] will be found in these
potential reservoir beds depends largely on the time when migration of 01] took
place, on the rate of subsequent erosion of the reservoir beds, and on the pre-
sence of impervious cep rocks. The eastern extent of the black shales as
interbeds is not known.

Beds of Ordovician and Silurian age do not occur in outcrop within
the Company holdings. Dolomites that are probably Silurian in age are exposed
in the valley of Hare Indian River, 20 miles east of the Permit block. These

tailed description of this section, by H. A. Gorrell and D. L. Campbell, has
been included as Appendix IV in the report prepared by our firm in 1958. The
rock sequence consists largely of light grey massive dolomite with bends and

several levels. In view of regional considerations it cannot be doubted that

tire Company holdings. The section is assumed to have a thickness of approxi

Bear Formation

GeneralDescription
The Bear Rock formation has been the subject of much discussion

large portion of the Mackensie Basin by our field parties, several
regarding its age, correlation, and origin still remain unanswered. The age of

others), the formation was thought to be Silurian or posaibly Devonian in age.
On the basis of our field date it appears that most of the Bear Rock interval

and limestones, and it occurs in the western Mackenzie Mountains. Recently

e of the name Bear Rock to include the Lone Mountain formation. We feel

The Bear Rock formation forms a widespread and easily recognizable

Rock dolomite beds are not brecciated. Fractured, but unbrecciated, beds mayalso be found within and at the top of the formation. Principal components are   . 4, C, SPROULE @ ASSOCIATES
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_ of the Bear Rock, but it appears that several other large gypsum deposits in
the same ares probsebly belong to the Macdougal group of Cambrian age. As the i
dolomites and evaporites are rarely exposed in continuous section, the isolated |
gypsum outcrops have to be treated with much caution in field mapping. |

The breccia fragments generally consist of grey or dark grey dolomite
and limestone. eck fragnents vary greatly in size and shape, mst are

_ but some are slightly rounded. The space between the fraguents is filled with
secondary calcite end dolomite or with fine detritus, and in most places cav ’

~ and vugs are coumon. Dry bitumen and a petroliferous odour from the rock were i
_ Roted in many outcrops. Minor slump structures are frequently found. Stelck {

reported that he observed rock fragments within the Bear Rock which were litho- {
logically similar te Silurian beds. Hume (1954) stated that on Canyon Creek,
on the west flank of the Norman (Discovery) Range, the cavernous limestone
beds of ihe Bear Rock formation are underlain by sandstone and quartsitic sand- i

_ stone. He wrote further: ". . . In the cevernous limestone are quartzitic
sanistone cobbles up to six inches in diameter together with other pebbles and |
cobbles of limestone." |

North of the Norman Range, the stratigrephic interval of the Bear
Rock is largely occupied by brecciated and unbreccisted limestone beds. The
unbrecciated beds are bahamites (Beales, 1958) and form thick layers of dense,
partly sublithographic limestone with a vague texture. The

| Felations of bedded and brecciated, purely calcareous and partly or dolo-
_ Mitized facies within the Bear Rock are not fully understood due to the lack of

Anderson River, the Bear Rock may be roughly divided into an upper part consist-|
ing of dense thick-bedded limestone and a lower portion of brecciated or un-
brecciated limestone or dolomite with the more "typical" corroded Bear Rock

ect

S
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appearance.

The thickness of the Bear Rock is generally about 400 to 500 feet.
In the northern Franklin Mountains the interval reaches 700 fect, but farther
south in the Norman Wells area the Bear Rock seems to be only a few hundred

| feet thick. The formation increases in thickness in the interior Mackensie

| The Bear Rock formation underlies the Ramparts formation of Middle
| Devonian age and in most places it overlies Silurian beds or, where these are
| missing, it rests directly on the Ordovician. ‘The name "Bear Rock” was intro- |
| duced by the Canol geologists, and Bear Rock, which is situated at the conflu-
| ence of the Mackenzie and Great Bear Rivers, was designated 28 the type locality,

In most localities where Bear Rock sections were studied, «a marked
unconformity ates the Bear Rock from under: beds of Ordovician or
Silurianage. t Morrow Mountain, which is situated some 60 miles northwest ofNorman W » the Bear Rock breccias are umerlain by one hundred feet or more
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of banded Bear Rock dolomites similar to those of the Lone Mountain formation
of the southern Mackensies, and this banded dolomite section is separated from

_ the underlying Silurian by « clearly developed angular unconformity. Sandstone
end silt mark the base of the Bear Rock at various places in the Discovery
Range near Norman Wells. These sandy beds also indicate the presence of a
major unconformity at the base of the Sear Rock. The base of the formation is |
the most iogical place for the unconformity between the Silurian and Devonian i
systems.

 
| In most places the Lower Ramparts formation appears to conformbly |
| overlie the Bear Rock, and the contact is fairly sharp. The black, shaly, ani |
richly organic Ramparte limestone is well contrasted with the dolomites, the
breccias and the brown limestones of the Bear Rock. Hume (1954) mentioned the |
presence of a sharp contact, accompanied by irregularities, between the forma- |

| tions at Carcajou Canyon, and interpreted these as indications of a disconfors-
ity. Lawton (1944) found fish teeth and phosphatic concretions in « basal
Ramparts shale bed at Imperial River. Probably « disconformity at this strati- |

| graphic position is more the rule than the exception in the entire lower Mac- |
| kengzie area.

| The Bear Rock interval contains remarkably few fossils. Lately some
_ brachiopods and corals have been found in « few localities. These fossils
| indicate that the formation is Devonian in age. A mumber of fossils, largely
brachiopods, were collected on the upper Redstone River, south of Fort Norman
(Bassett, 1960). This fauna is considered indicative of late Silurian or
lowermost Devonian age. The section at this locality may also include strati-
graphic intervals older than the Bear Rock and the faunal evidence for the age |
of the Bear Rock, therefore, is not considered conclusive.

Porosity and oil-staining are common phenomena within the Bear lock
| dolomites and breccias in most areas. The formation mst be regarded «s
possibly the most promising horizon within the subject acreage.

Bear Rock Formation within the Company Holdings

The Bear Rock formation is exposed in the eastern part of the Company
and at several localities outside the Permit area on Hare Indian

River, north of Lac a Jacques.

We refer to Stratigraphic Section 3, Appendix III, of the Geological
Reconnaissance Report, 1958, submitted to Glecier Explorers Limited. It con-
tains a detailed description of the Bear Rock succession at Echo Bend. This
location and other nearby outcrops were revisited and measured during the past
field season. The results were essentially the same as those obtained in 1957. |
In the vicinity of Lac a Jacques the Bear Rock can be divided into an Upper
Limestone member and e Lower breccia member. The same division can be mde in |
the northern Mackenzie Mountains and in the area of exposed Paleozoic beds near
Imvik, east of the Mackenzie delta. The Upper Bear Rock limestones are poorly
| fossiliferous and are overlain by Lower Ramparts limestones which contain a
rich feuna. The contrast between these limestone sequences is sufficiently

|
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| for example in the Franklin Mountains, foesiliferous Lower Ramparte limestone |
_ immediately overlies brecciated Bear tock dolomite and limestone, and the un- |

—
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|
igreat that they can be mapped in the field without difficulty. In some areas, |

| fossiliferous limestone unit ie missing. Some people have included the unfos-
siliferous limestone member with the Lower our geologists have |Ramparts, but

| observed these limestones interfingering with thick breccias. We prefer to |
place this limestone sequence, therefore, within the Bear Rock formation.

Lower Member: The Lower mewber of the Bear Rock formation is not
| exposed withintheholdings, but outcrops are common in a belt immedi-
| ately to the east, stretching northwerd from Jacques Ridge. This unit consists|
lergely of dolomite and calcareous dolomite, and is characterised by breccias

| ly the rock emits a distinct petroliferous odour when freshly broken. Saall
| concentrations of pyrobitumen are frequently found and some brown staining was

_ observed on smoothly weathered surfaces. The limestone contains scattered

| These include mall shells of brachiopods, gastropeds and ostracodes. A few
_ thin beds contain abundant crumpled calcareous algae. The fossil fragnents are
perfectly cemented within the rock and it is impossible to collect them for
identification.

vertical cliffs that can be traced easily on serial

| noticed, which may have included gastropods and ostracodes. The breccias con-

sugary
| dolomite and white calcite. Some greenish grey shale seems to be particularly
associated with the breccias. Much of the dolomite is finely porous showing

General

| measured in the Hare Indian River valley amounted to 391 feet. The total thick-

| of tight seis limestones, which are finely crystalline to aphanitic

which occur irregularly in beds, lenses, or even in vertical funnels, within
the formation. The beds, and also the fragnents within the breccias, consist _
of dark brown-grey to grey, crystalline to sugary dolomite. The original rock |
must have consisted of fragmental or calcarenitic limestone which became dolo- |
mitized. The parallel, and in places crossbedded, laminations which are pre- |
sent in most calcarenites are commonly observed on the weathered surfaces of
the Bear Rock dolomite beds. A few beds of white gypsum, contaminated with |
dolomite, were found in the Hare Indian River valley. Traces of fossils were

sist largely of angular fragments of laminated dolomite, ranging from a few
inches to several feet in diameter, that sre embedded in a matrix of

pin-point or intercrystalline porosity. Larger vugs are less comaon.

noticed which may be due to bitumen. The Lower member of the Bear Rock forma-
tion is considered an excelleut potential reservoir sone.

The maximum thickness of the Lower member of the Bear Rock that was

ness of the interval is estimated at 500 feet.

r 3 The Upper member of the Bear Rock formation consists

and probably of calcarenitic origin. Thin, light snd dark brown laminae can be

amall cavities, filled with tarry black oil, on the north bank of Hare Indian
River at Latitude 127°45' West. Although we have referred to the Upper member
ag an unfossiliferous unit, scattered foseil fragments have been observed.

In the eastern part of the Company holdings the Upper member forus
ographs. Farther to

the east, near Echo Bend, the limestone occurs on slopes where it is weathered
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@ | and thinly bedded. Outcrop sections near the west side of Lac (

t thickness of almost 100 fect, but the entire member may reach 150

feet. The contact with the overlying Ramparts formation was covered in the

localities visited, but lithologies of the upper Bear Rock ani lowermost Ram- —

parts are almost alike. Within this ares the formations probably grede into

each other.

 

Middle Devonian

Ramparts Formation

General Desc ion

 

A few miles upstream from Fort Good Nope, the Meckenzis River narrows |

into a gorge between vertical limestone cliffs which are called "the Ramparts." |

| The exposed Limestone section was named the damparts limestone Kindle and |

, Bosworth (1921). After studying « mich wider ares, Hume (1954) established the |

| Ramparts formation as the stratigraphic unit that overlies the Bear Rock forma- |

| tdon and underlies the Fort Creek formation. The Xamparts formtion was divided

| by Hume into the following members:
|

| The Upper Ramparts limestone member includes the "Ramparts limestone”

of Kindle and Bosworth. Huse designated the north flank of the Imperial Aange |

| on Mountain River (northern Mackensie Mountains) ss the type locality of the |

| ‘Middle Ramparte shale ani of the Lower Ramparts limestone. i

| The terminology in the present report will be clarified before the

| unite of the Ramparts formation are discussed in detail. The names we have |

[pplied to the subdivisions ere the same 2s those employed in most of the pub- |

lished literature, but our views on correlation are, in several respects, aif- |

| ferent from those of previous authors. In this report the amparts formation |

| 19 defined as the rock sequence which is overlain by the Fort Creek formation |

| (ve-defined) end underlain by the Bear Rock. The upper contact is probeblya |

| disconformity. On Figure II names and correlations used in the present report |

have been compared with those previously in use. 4 is also made

| with the correlations and names presented by H.G. Bassett in 1960. }
1

  1

h Our compilation of all available observed and published data has indi-|

| cated that the "Ramperts" of the Noruan Wells ares forme only the lower menber |

| of the formation. It is our opinion thet the Kee Scarp limestone, the producing

| gone of the Norman Wells oil field, represents the Upper member of the Ramparts |

| formation. In the pest the Kee Scarp was generally considered to be Upper |

|— in age and was placed stratigraphically higher than the Ramparts form-

| ; —J. C. SPROULE & ASSOCIATES
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Near Fort Good Hope, the Upper Ramparts limestones ore underlain by
greenish grey shales which were designated "Here Indian shales” by Kindle and |
Bosworth fis2). Hume (1954) renamed this interval the "Middle Ramparts shale |

| member.” We have adopted Hume's tera in preference to the older, less well-
defined name of Hare shale, but contrary to common practice we include
the "Lower Fort Creek shales" in the Middle Ramparte member. Thus the name
Fort Creek is restricted to the black shale unit that overlies the Upper Ram-
reena which can be correlated with the type section at Fort Creek (Thunder
River).

 
It appears thet much confusion regarding the correlation of the Ram

parts sections near Norman Wells with those in areas to the west and north has
resulted from the occurrences of the brachiopod peer

i

chus
castanea. Our field observations have proved tha 08: ed

one cteristic zone, but that it occurs in two, ani possibly even in
three, zones that are, lithologically, almost identical. Other criteria than

_ the presence of this fossil must aleo be considered in order to arrive at the | |
correct correlation.

It is shown on Figure II that the correlations proposed by H.C.
| Bassett of Shell Oil Company of Canada Limited agree closely with the eub-
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LowerLimestone Menber

ste over s wide area in the NorthwestThe Lower limestone manber persi
Territories. In most localities it can be divided into an upper messive lime-stone unit and a thicker, lower interval of bedded limestones which are increas-
| ingly argillaceous near the base. The upper unit has a remarkebly constant
thickness of tely 100 feet in the eastern Mackenzie Mountains and

j « The massive limestones are tight and contain,in places, abundant corale andi stromatoporoids. They are bichermal in part.The coral while not confined to this sone, is particularly common.| The lower ® been referrei to as "shale" in some cations, indicating® high argillaceous content of the bedded limestones. the Norman Wells area,  
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| it ds generally called "Middle Ramparts shale” as « result of miscorrelation
with the type section on Mountain River.

The "Ramparts formation," as described by the Canol geologists in |
| the Norman Wells area, is overlain by the "castanea sone" which occurs in the |
basal 10 or 20 feet of a thick shale interval. These beds containing abundant
pees were correlated with the "castanea sone" which reported-

ov 7

4

erlies the @ limestone in the Mountain River section. It
was, therefore, concluded that the "Ramparts formation" near Norman Welle in-
cluded the entire Ramparts. ur field parties observed the "castanes sone”
to overlie the Lower Hamparts member near the Mountain River type locality.
Subsequent comparison of a large number of Middle Devonian sections proved that |
this is the "castanea zone" that correlates with the castanea marker at Norman |
Wells. We are now convinced that the so-called "Ramparts formation" in the
Mackenzie Mountains east of Mountain River and in the Franklin Mountains is in }
reolity the Lower Kamparts limestone member only.

| There are several indications that the area northwest of the Mackensid
| Mountains was unstable during deposition of the Reamparte formation. Probably
| restricted basins and isolated highs developed in the northern Yukon within a
| Complicated pattern of block-faulting. Middle Devonian » Such as
| ocour in most of the Mackensie Mountains, have not been observed in the eastern

8 ; 2 { F F

is overlain by another 1,500
| fect of relatively pure limestones of Middle Devonian age bearing little re-
| semblance to the Ramparts succession. An equivalent of the Lower Ramparts
| member, if it is present at this locality, cannot be clearly identified.

MiddleShale Meuber
! The Middle shale member, as defined in the r » incorpor-
| ates the "Hare Indian River shales” in the Fort Good e area (Kindle and
| Bosworth, 1921) and the "Lower Fort Creek shale” in the Norman Wells area as
| described by Hume (1954) and others. The type section of the Middle Ramparts
shale at Mountain River has a thickness of

E & E F 4 é B Z E 8

  ca + The ct between the Lower and Hiddle Ramparts men- |
8 wn a’ se of this lower "castanea sone." Other fossils that

were found in the Middle Ramparts include numerous species of corals, brachio-
'p and pteropods. At the type locality the Middle Ramparts
| ber is overlain by the Upper Ramparts limestone member, elsewhere the Fort
| Creek formation may rest ‘ormably on the eroded Middle 8 shales.

es i

strata or reefs. 8 is the case in most of the northern Mackenzie Basin, and
here the combined Middle and Upper Ramparts shales are referred to as the Ban-

e@ | parte shale unit (undifferentiatid).   _—_
J. SC. SPROULS @ avewwsateo |  
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adjacent Plains, the member has not been recognized.
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Dark grey shalen, which may represent the Middle Ramparte member,occur in the eastern Aichardsons, but the relation of these beds to the type
section is rather obscure. In the northern Richardson Mountains and in the

S
o

The thickness of the Middle Ramparts varies from approximately 500
to 800 feet.

|

Upper Limestone Member

The Upper limestone member has been defined by Hume (1954, p» 27) a8"sss a1] Limestone beds of Middle Devonian age below the Cretarenas ans above|| the Middle Ramparts shale member. . .," in the section exposed at "the Ramparts"on the Mackenzie River near Fort Good Hope, In the present report this line-stone interval has been correlated with the Kee Scarp limestone of Norman Wells |

|
| ani vicinity, and also with the entire limestone succession on Mountain River,Wiicu includes "Upper Ramparts limestone," "Beavertail limestone," "Lower Fort |Creek shale” and "Port Creek reef limestone," as described by Parker in Lhe

The Upper Ramparts consists lergely of limestones that are partly jbedded ani partly messive reefal. Sichermel accwmlation accounts for some of |in thickness that can be observed in places. Most of the isurface,Thin uaa, Crownegrey to dark grey in colour, ond form cliffs at the |surface. Thin shale pertings are common, but one particular black shale band,which is one to twenty feet thick, forms a widespread marker horison within the| member. The beds carry a rich fauna which includes an index fossil of the ;

species of corals the brenching Torn ly common. The_ Peefal limestone beds and the bicherus abundant stromatoporoids and
| great variety of corals.

Middle Devonian, the brachiopod ef. bartind- Among the many |

j
|Many beds ap to be bituminous ond they generally emit a petroli- |ferous odour. Parker (19h4) noticed blebs of asphalt and asphaltite in frac- |tures and interstices of the rock in the Carcajou Ridge area, northwest of Nor-man Wells. The Norman Wells of] field produces light gravity oil from UpperRamparts reef.

To the north of Fort Good Hope, the Upper Ram 6 limestone ispart con~| sidersbly thinner. This is probably due to lateral transition of the linestones|| into shale. Nause (1944) was of the opinion, however, that the thinning of the

_ hove influenced the observed decrease of the limestones to the north.

|

j

| stone) has been thoroughly described by Boggs (1944). The member veries in

member was caused by pre-Fort Creek erosion and truncation. Both factors may

In the Norman Wells of] field, the verse Ramparts ‘Kee Scerp lime-
1

thickness from 200 to 500 feet. It was divided by Boggs into « lower beddedlimestone unit, 75 to 125 feet thick, and the overlying true reef which has 2maxima thickness of 425 feet. These two sones ore separated by a few feet ofblack shale, &s observed in cores taken in the Goose Island No. 3 well on thenorthwest edge of the field. The shale zone has probably « wider distribution
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the Lower limestone member includes he following forms:
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within the field, but in some cases it may have been overlooked in samples,

while many wells did not reach it. The porous productive upper reef sone is

largely composed of corals, bryozes and stromatoporoids, which are embedded in |

coral sand (calearenite). The porosity is not evenly distributed, but varies

within the field. In some wells at the edges of the field no reef is developed ,

proving that it has » lenticular character. Seismic surveys show that the '

Norman Wells reef has a general trend to the west. It is separated from another

bioherm which is exposed north and east of the settlement of Norman Wells at

Kee Scarp, & ridge on the southwestern slope of the Discovery Range. The lower

bedded limestone unit of Boggs seems to have formed the substratum for local

reef growth. It is more widely distributed than the organic limestone bodies, |

but in several places it is aleo entirely missing.

s Formet. within the

Members of the Remparts formation are well exposed within the Company |

Permits. The Upper limestone member forms the walls of the wide canyon, which ©

is known as the Ramparts on Mackenzie iver, a few miles southwest of Fort Good |

Hope. At the northeast end of the canyon the upper part of the Middle shale

member can be examined. The Lower limestone menber is exposed at several

localities in the east part of the project area.

;

limestone member have not been observed within the Company holdings, but parts

of the section can be assembled into a fair representative succession. A com-

posite an was presented in Appendix III of the Geological Reconnaissance

Report 1958.

The Lower limestone member consists of alternating limestone beds,
argillaceous limestones and shales. The rocks are abundantly foesiliferous

and contain a rich fauna of corals and brachiopods. At a small creek which

flows into Hare Indian River from the north, at a distance of one mile west

of the mouth of Sholberg Creek, « bioherma] reef knoll was observed. This

bioherm (Strat c Section No. 2, and Plates 2-A and -B) is approximtely
23 feet high. It forms a moss of tightly intergrowing reef:

and is capped by a few feet of detrital clastic limestone. On the other side

of the creek the off-reef beds are exposei. These consist of grey-brow,

finely crystalline limestone layers with ebundant crinoid and shell fragments,

and a few large coral colonies. Probably the bioherm rests on fossiliferous

bedded limestone. For comparison with the reefal section, « brief description

of a norm fossiliferous limestone and shale sequence is presented in Strati-

graphic Section No. 1 (Appendix); this sequence was observed on Sholberg Creek.

The beds in the last section correspond partly with those containing the bio-

herm.

'

Lower Limestone Member: Completely exposed sections of the Lower

i
}

eeae in the field of fossils collected fron

 
— — a - sans tatent crate ener RATNEReT ceecseemnestennennasncntenesets

  

 

 



 

 

 
- 2 -

Brachiopods: steppe eh a, Schuchertells, Ambocoelia

Sponges: Sphaerwspongie.
Gastropods: Mastigospirsa, Loxonema. |

Trilobite fragments and crinoid fragments. |

The Lower Ramparts succession hes an estimated thickness of 450 to

500 fest within the Company holdings. This is approximately 100 feet more

than thicknesses observed in the vicinity of Norman Wells. The contact with

the underlying Bear Rock formation appears to be gradational. The Middle

 

| Ramparts black shales are sharply contrasted with the unierlying Lower lime-

stone member, but no evidence of erosion was observed at the contact.

Middle Shale Member: The Middle shale member of the Ramparts forma- |

 t4on lies near the surface over « large part of the Company holdings, but due

| to the nature of the rock it is poorly exponed. The upper part of the section |

is exposed «t the northeast end of the Ramparts on Mackenzie River (Strati-

| graphic Section No. 3). The beds consist of greenish grey calcareous shale

shale,

interbedded with platy argillaceous limestone. Farther east within the Company

Permit ares, the Middle shale mewber is more calcareous and it contains some

medium-bedded limestone, which forms small escarpments at several places. The

basal part of the Middle shale member consists of thin-platy to fissile black
T tes. The well known 8 ca ZONnC,containing

| which overlies the member in many ces e
s not observed. The fauna of the Middle shale mesber consists| holdings, wa

| largely of brachiopods, including At Scmuchertelies Martinie

| and Product « Where these fossils occur green tae te be

| dwarfed, @ the same assemblage, but with larger forms, occurs in the more

| caleareous beds.

The thickness of the Middle shale member cannot be measured within

the Company holdings. We have estimsted on o basis of regional data that the
member is $00 to 600 feet thick. The boundaries of the member cannot be

accurately mapped except in a few places where the contacts are exposed. The

lower contact was examined at Sholberg Creek, where the basal black shale beds
of the Middle shale member are sharply divided from the underlying limestone

member. This ie the only place where the lower contact was observed within

i

the Company holdings. The contact with the overlying Upper Ramparts limestone

is exposed ot several localities on Mackenzie River to the southwest and north- |

wost of Fort Good Hope. The shaly limestones of the Middle member are separa-
ted from the overlying massive Upper 8 limestone by an interval of
“transitional beds." The transition zone is five to ten feet thick and it con-
sists of irregular mediua-bedded limeston corals

chiopods. °
with the Middle member is gredationsl and has been draw arbitrarily below the
first occurrence of corals.

Ss. senouce «© aseoctaTes
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| stromatoporoid
& recession at the foot of the upper limestone cliffs and is generally covered

| the base where the following genera commonly occur:

| reefs. Bulbous forms dominate and some of these have a diameter of several
| Leet. They must have grown in place, but most of them lie on their side,

| to 125 feet above the base of the Rensselandis zone ani it separates light
cream-coloured limestones from the underlying light brow to brown limestones
which we described above.

The beds of the Upper limestone member are exposed at Mackensie
River in the southwe

25 - |
Upper Limestone Member: The Upper member was extensively studied by |

our field crews during the past sumer in osder to obtain an insight into its i
lithological components, and also to gather detailed structural data. Some of |
the results are presented in Figures VI ami XI, and on Stratigraphic Sections |
Nos. 3,4 and 7.

The Upper limestone member is well exposed in the Ramparts of Mac-
kenzie River to the southwest of Fort Good Hope, and in many places west of
this settlenent (see the Photomosaics). In this area the member consists of
bedded to massive cliff-forming limestones. The limestones are in part clestic
in character and these alternate with large lenses and sones of stromatopor-
oidal reef. The more persistent lithological markers lie at the base of the j
member. These consist of the basal transitional interval of about ten feet, |
and the overlying massive calcarenitic and bioclastic sequence, which may be '
termed “the lensselandie sone" in this perticular area. As described pre-
viously, the transition sone consists of irregular beds of brow detrital and
fossiliferous limestone which overlie the Middle shale meuber. In places, the
zone is almost bioherma] in character and contains platy ani omall bulbous

8, colomial and solitary corals, and brachiopeds. The zone forms

by talus. The Rensselandia sone has a thickness of 25 to 40 feet. It foras
layered cliffs of light brow to gay-browm, finely crystalline limestone.
Fossil ® are scattered within the unit, but they are most numerous near

 indicating that they were rolling on the reef surface due to strong waves dur-
ing later stages of growth. Other fossils that are common in the reef beds are

t eneden material which fills the space between the stroma- |
s 30 clastic and calcarenitic limestone. In placer, the |

detrital limestone is slightly porous and stained with brown ofl and has a fresh|
odour. The reef masses grade laterally into fossiliferous clastic lime- |

stone. Reef banks are separated by persistent thin zones of dark brown argil-
laceous limestone, which form prominent ledges on the cliff faces on Mackensie
River. One of these shale banis is varticularly prominent. It lies sane 100

at of the Ramparts cliffs. Their character differs
slightly from that of the lower beds because light grey-brown detrital limestone
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dominates. Stromateporoidal reefs are present but they ere much snaller than

| those that occur in the lower part of the section. Inplaces bryosos, of a

| type similar to or are abundant also form bioherms.

| type eimt

ar

toeT

bu
t

it Tetecs’ common than in the lower stromatopora

reefs. Massive bedding is apparent on the cliffs that are formed by the upper

| light coloured limestones. A number of soctions were measured in detail in

order to determine the structural position of the Rensselandia zone, which lies

| below the surface in the southwestern Ramparts. It became obvious, however,

| that the beds and ledges, which can be seen from e distance above the black

_ shale marker, are discontinuous and that they are of little use in detailed

| structural mapping.

The upper limestone meuber has a maximum thickness of approximtely

| 250 feet at the Ramparts. Within the entire area it hes been truncated by

pre-Cretaceous erosion. On Airport Creek, at a distance of 16 miles northwest

of Fort Good Hope, the Upper Ramparts is disconformably overlain by Fort Creek

shale (Plate 5-A). Less than a mile to the south, Ramparts limestone is over-

lain by Cretaceous sanistone (Plate 5.B) which rests on the profoundly eroded

Ramparts eurface. In the vicinity, the entire Upper meber has been removed

by erosion and the Cretaceous rests directly on the Middle Shale meuber

(Stratigraphic Section No. 6). Considerable relief, therefore, marks the pre-

Cretaceous erosion surface of the Middle Devonian within the Company holdings.

This is particularly obvious near Airport Creek.

The lateral equivalent of the Upper Ramparts member within the sub-

ject Permits, as described above, is best known to the north, along the banks

| of the Mackenzie River and ite tributery streams. This outcrop sequence for

| approximately 75 miles downstream is very significant from the standpoint of

| the regional petroleum and naturel gas possibilities, inasmch as it shows 4

r
the Fort Good Hope: Permit, over which we have postulated in this area a broad

, known as the Fort Good Hope High, to rubbly limestones and
regional high

| thence into thinly bedded limestones. Still farther north the lateral equival-

ents of this series become crossbedded silts and more massive silts. This

| sequence is a natural off-reef sedimentary sequence that in our opinion proves

that the subject Permits indicate the position of a large regionally high area,

| probsbly representing o Precambrian High et depth, over and sround which reefoid

and other clastic reservoirs would tend to be better developed. Thus, although

we do not yet know the exact shape and size of this regional high, it is of

| sufficient interest to justify considerable attention being paid to the identi-

fication of any local structural features that may be present. In other words,

the conditions are excellent from the standpoint of the generation and accum~-

lation of oi] and gas providing the structural conditions are satisfactory.

Upper Devonian

Fort Creek Formation

GeneralDescription
The Fort Creek formation of Upper Devonian age consists of black
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| thick and form a conspicuous marker bed, which can be easily followed on aerial

| tarry
the Discovery (Norman) Range. These have been described under the name of
Canyon member

| Middle Ramparts shale in the Discovery ange and in the westers Machwneie
| Creek" by the Canol geologists (Figure II). The lower boundary of the Fort
Creek formation should be placed below the basal Fort Creek sandstones, or at

_ the top of the Upper Ramparts limestone member if it is present in the secticn.

; ° 4

_ is the case in sections recorded to the west and southwest of Norman Wells, in
| the Mackensie Mountains.

| Creek shales are overlain by a shale sone
| Mumber of siltstone beis towards the top. The grey shales have been called

-2-

 
ibituminous shales, in places containing liwestone and silt bands. lecally,

the shales are indurated with siliceous mterial and pyrite. The bitumen con-
tent is high and the reddich colouring on outcrops of the Fort Creek has been |
ascribed by many geologists to burning. It is probable, however, that most of i
the reddish is |

q

commonly due to the slow oxidation of iron compounds.
The basal Fert Creek beds contain sp. in several widely scattered |
places. Other fossils thet occur spar e Fort Creek shales are iBuchiols and Tentaculites.

The base of the Fort Creek is marked in several ereas by the occur-rence of sandstones. Dark, platy, bituminous sandstones with a thickness of
45 feet, containing brachiopeds and plant remeins, underlie black shales at iThunder River (Fort Creek), near its confluence with the Mackenzie River. Cal-/|
careous quartz sandstones with a thickness of two to ten feet, commonly con-
taining brachiopods, occupy a similar stratigraphic position in a wide region
surrounding Fort Good Hope and Little Chicago. North of Little Chicago in the
vicinity of Pen Lake the basal Fort Creek sandstones are approximately 15 feet

photographs. In this area, the sandstone is commonly impregnated with stiff,and asphaltic oil. Hume (1954) reported the presence of sandstones in

in several wells drilled in the Mackenzie valley.

The basal sandstones indicate the presence of a disconforaity which
separates the Fort Creek from the underlying Ramparte formation. Crickmay
(1957) came to this conclusion several years ago.

In previous pages we have pointed out thet, in our opinion, the

Mountains has been erroneously referred to as "Fort Creek" and "Lower Fort

 
At the type locality on Thunder River (Fort Creek), near Fort Good

Hope, the Fort Creek formation consists of 200 feet of hard black shales, under-
lain by 45 feet of sandstone. In this general area, the formation is overlain_ by the Imperial formation of Upper Devonian age to the west of the Mackenzie

_ River, while on the east side of the river an erosional wedge of Fort Creek is
directly in contact with strata of Cretaceous age.

The upper stratigraphic boundary of the Fort Creek formation is
chosen above the black shales. The ipeg black bituminous Fort

ch contains an increasing
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| “Norman or "Lower Norman” shales (Imperial formtion) by several of the Canol
| geologists. The relationship of tho bleck and grey shele intervals in the
Norman Wells field has been well described by Boggs (1944). This author recog-
nised the presence of a lower "Bituminous Zone" overlain by © "Non-Bituminous
Zone," which he combined under the name of "Upper Fort Creek shale." The
bituminous sone consists of brownish black to almost coal black shales and
contains in places pyrite and cherty materials which make the rock very hard.
The black shale interval varies in thickness from 97 feet to 410 feet and it
covers the Upper Rampsrts (Kee Scarp) reef. Numerous cross-sect:ions in the

where the reef is thin or entirely absent, the shale is thicker and reaches 4
maximum of 410 fect. The thickness of the non-bituminous so- is more uniform
than that of the underlying unit and varies from 687 feet to 900 feet. The

| upper part of the grey shale interval contains some silt and sand ani is over- |
lain by « thick sandstone zone, which has been mentioned by several Canol
geologists under the name of “Bosworth sandstone."

We prefer to confine the name "Fort Creek formation" to the black
shale interval and to place the grey shales in the Imperial forwation of Upper
Devonian age.

In most places outside the Worman Wells field, the total thickness of
the Fort Creek is not precisely knowm. The black bitwsinous shale section of

don well (south of Normen Wells on the left
bank) is probably the largest in the Mackenzie Basin. To the north and
west, the presence of the Fort Creek formation, as defined in this report, has

| not been established. At several places in the southeastern Richardson Moun-
| tains black shales heve been observed unierlying the Imperial formation. It is
| difficult to determine the stratigraphic position of these shales at this time.

may belong to ome or more of the following units: Middle Ramparts, Fort

F Creek Formation the C

The Fort Creek formation is not exposed within the Company holdings.
It may occur in places near the north boundary of the Permit crea, but most

| probably it has been removed by pre-Cretaceous erosion. The formation can be

of the Fort Creek

Format

Description
Beds to the formation occur within « belt which

stretches from the ern Ric! eeeee
The nome Imperial was proposed by Hume and Link (1945) for the Upper 0:
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beds between the Fort Creek formtion and the Cretaceous. The type section madesignated on the northeast flank of the Imperial anticline on Imperial River. |In the northwest the formation consists of coarse-grained clastics of continen-_tal origin, which grade into finer meterial to the southeast, while the charac- /ter of the deposits changes to marine. The Shale Unit of the Upper Mackenziearea and northern Alberta may correlate with most of the Imperial formation. |The facies of the typical Imperial sandstones and shales strongly resemblesthat of Cretaceous strata in Alberta, and indicates connection with a risingrand sree to the north during an early stage of Acadian (Devonian) orogeny.Provenance of the Imperial sediments appears to have been mainly from thenorthwest. The Imperial formation has not been observed in the Keele Hange |nor in the northern iichardson Mountains. In these areas the formtion probab- |ly was never very thick, and it was entirely eroded in Mississippian or early |Permian time. Removal of Imperial beds has also taken place in the southern !Richardson Mountains, but there erosion probably began in late Cretaceous time.|

A thick section of interbedded sandstones and black shales of UpperDevonian age was observed near the upper reaches of Vitrekwa River in the cen- |tral Richardson Mountains. Part of this series has been marked as Ordevicien

disturbed by ‘and it seems impossible to determine the thickness with accuracy, An estimated |6,000 feet are exposed atthis locality. The lower 2,000 feet of the formation |consist of regularly alternsting beis of sandstone and shale, vith « thickness |of approximately one foot each, which create a ribboned appearance on the rock |surface. This lower part is overlain by some 3,000 feet of similar strata in |which, however, the sandstcnes predominate. The upper portion consists of fira,|dark grey shale with a few thin sandstone layers. Sandstones throughout theexposed interval are dark grey to brownish grey, fine to mediun grained, hard,ad of the “salt and pepper” type. Fine cPossbedding, ripple marks, flute casts,worm burrowings, flat clay pebbles and carbonized plant s tare common features. The shales are grey to dark gray, in part black,with scattered chert and rare ironstone. The Imperial formation is uncon-formably overlain by basal shales ani conglomerates of the Lower Cretaceous.

Imperial Formation within the Company Holdings

The Imperial formation is not present within the Company holdings. iIt occurs to the north, west and south of the project lands, but the formationhas been removed by pre-Cretaccous erosion on the structurally high aree sur-rounding Fort Good Hope.

Cretaceous
|

Description
!

Strata of Cretaceous age are widespread in the Northwest Territories |and the Yukon, but they have been inadequately studied. Well exposed, thick
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| Richardson Mounteins. Northwest of Fort McPherson and west of Aklavik the sec- |
| tion thickens to more than 3,000 feet within « narrow belt. These deposits |

| rether than from the north. One cannot escape noticing the parallel between
the distribution of Cretaceous strata with that of the beds belonging to the

| to the fact that the character of the Cretaceous sediments is very similar to

part of the Mackenzie River valley.

|holdings. These beds are particularly common in the southwest part of the
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sections are extremely rere, as the Cretaceous sandstones and shales are |
generally soft and easily converted to debris. Considerable change in litholo- |
gy my be noted between outcrops that lie within relatively short ——.of |
each other. Thick, shaly or sandy units are recognized in certain areas, but |
in most places the stratigraphic position and the age of these intervals has |
not been determined. Paleontology is the most important tool for the sub- |
division and correlation of the Cretaceous system in this region, but unfor-
tunately fossils are scarce and poorly preserved in large parts of the sequence,

The regional distribution of Mesozoic strata, which belong largely to|
the Cretaceous, is show in a generalized manner on Figure IV. Thick sections
of Cretaceous strata have been preserved in « trough which frivges the sastern |
margins of the Richardson and Mackenzie Mountains. Exposurvs of Cretaceous }
beds with an aggregate thickness of more than 2,000 to 3,000 fevt have been
observed at several places in the esstern Mackenzie Mountains, such as the
flanks of the Imperial anticline, the upper Carcajou River and the Yor’) Norman |
area. Probsbly the belt of thick sandstones and shales follows the northern |
edge of the Mackenzie Mountains, to the north on the east sidw of the

may be connected with the Cretaceous sections of northern Alaska which reach 3 |
thickness of at least 13,000 fest. East of this long trough, which is para\tel |

with the mountain fronts, the Cretaceous sections are generally less than 1,000
| feet thick and occur on hills and plateau areas. Devonian, Silurian and Ordo-
vician beds surround most Cretaceous hills and are partly exposed in broad |

valleys east of Mackenzie River. In large areas the Cretsceous my be entirely ||
missing.

It seems that subsidence and sedimentation in early Cretaceous time
began in the north, near the present Mackenzie delta, progressing later towards

| the centre of the present Mackenzie Basin. The chracter of the sediments
| points to the temporary existence of slowly emerging lend msses to the north
| and west, which supplied the enormous quantities of clastics that were deposited
| Conditions must have been unstable, as indicated by several gaps in the sedi-
mentary record. At times the transgression may have advanced from the south
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Imperial formation of Devonian age. In previous pages we heve drawn attention

that of the Imperial strata. The regional distribution of the strate of both |
stratigraphic intervals may have been determined largely by « tectonic frame~ |

_ work created by emergence of the edges of the continent. This tectonic pattern
seems to be intimately connected with the position of the "troughs" which con-
tain thick series of Imperial and Cretaceous sediments and which follow a mJjor

Cretac within t ; }

Strata of Cretaceous age cover a considerable aren within the Company
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_ lande, but scattered remnants of the Cretaceous can be found in several other_ places. The entire sequence probably belongs to the Sans Sault formation of }_ Lower Cretaceous age. It consists of bagel sandstone end conglomeratic beis
which are overlein by dark grey shales.

The bagal beds rest unconformbly on the strongly eroded surface ofPaleozoic formations. The relief of the Paleozoic surface is probably severalhundred feet. Basal sands have filled the depressions and, in places, reamantsof the Cretaceous are surrounded et present by higher cliffs of the Ramparts| formation. The basal clastic deposits are probably of continental or litoralorigin and they consist of a mixturs of foreign and local mterial. |

Wear Airport Creek, Cretaceous sandstones overlie the Fort Creekformation and, short distance farther south, they lie on the Ramparts forma-tion (Stratigraphic Sections No. 6 and 7, Plate 5-B). In this area the lower20 feet consist of conglomerate, breccia and sandstone lenses. The most con-spicuous components sre hard, black, angular, siliceous shale fragments thatwere derived from nearby Fort Creek shale outcrops. Smoothly rounded pebbles |of chert are also common and these must have been transported from s consider- || able distance, until they were embedded in the Cretaceous conglomerates. The || sandstone lenses consist of soft, mediun to coarse-grained quartzose sands thet || are crossbedded and light buff to grey-white in colour. Sand grains are sub-| angular to subrounded and are in part well sorted, but in most places poorly i| sorted. Minor quantities of lignite are aiso found. Several sand lenses, ]| which may resch one foot in thickness, are stained by oil with fresh light || brown dolour. The conglomeratic beds are overlain by soft, medium to coarse- || grained sandstones. On the left bank of Mackenzie River, @ few miles south of || Airport Creek, these thick-bedded, crossbedded sandstones form 50~-foot highcliffs. In places, initial dips within the deposit reach an angle of 25 de-

i At the south end of the Ramparts (Plate 6-\) the basal Cretaceous| sandstones are less conglomeratic than those near Airport Creek. The sand-| stones are argillaceous, fine to mediun greined, and largely tight with o fewporous streaks. Some thin gritty layers, containing small pebbles of clear || quartz, white quarts and chert, occur near the base. The sandstone beds are |_ characterized by the occurrence of glauconite and by the presence of worm trails)ond ripple marks. <A mile farther to the north, the Ramparts formation is local-)ly overlain by five to ten feet of coal and carbonzceous shale, and also by someblack carbonaceous(?) sandstone. |

Bast of Fort Good Hope basal Cretaceous sandstones are commonly ex-posed, but the sections are less complete than those on Mackenzie River. Thesandstones in this area are composed of clean, medium to coarse grained, eey-white quartzese sand and ore generally highly porous (Plate 8). In some places,the sandstone is impregnated with dried brown bitumen (Plates 7-A ond -B). |

The shales which overlie the basal sandstones of the Sans Sault forma-|tion were examined on Mackensie River and on Tsintu River, « few miles south of |_the Company holdings. The shale is dark grey to black and contains a few layers)

—
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e and lenses of glauconitic sandy shale and siltstone (Stratigraphic Section No.
5). Inonstone concretions, irregular small masses of bentonite, and a few
thin zones with cone-in-cone structure were observed in several places. A
smell ammonite was collected from the lower part of the shale sequence. This
fossil has been identified es Cleoniceras sp. by Dr. C.R. Stelck. It indicates
that the stratigraphic position of the shale is at the top of the Lower Albian
or at the base of the Middle Albian.

The shale series forms 2n excellent cap rock on the basal Cretaceous
— samis. It my have sealed fault reservoirs that formed within the area where

the shale is present.

7: Pleistocene

 

Most of the lower Mackenzie area has been covered by continental ice
during the glacial stages of the Pleistocene epoch. Many glacial festures such
&s various moraines, keme-ani-kettle topography, fluting, gouging, eskers and
drumlins can be observed.

Generel data on the direction of ice movement have been compiled and

which formed a western barrier. North of Great Slave Lake the western ice
diverted to the north, in a broad sense following the direction of the Mackensia
valley. In the region to the northwest of Great Bear Lake, ice movements sppear@ to have been following irregular directions. Probably the ice no longer took |
the shape of a continuous sheet but rather that of broad separate lobes. j

'

The continental ice which moved westward from the north arm of Great

  
glaciers that came down the Mackenzie valley and then proceeded jointly to the |
north toward the Mackenzie delta. ‘The general southwest direction of ice flow
within the Company holdings is clearly indicated by parallel striations and

| lineations on the photomosaics.

The doposits of Pleistocene and "Recent" origin are largely coveredby vegetation within the Company holdings. In many places, such as on elevated
platesus and ridges of bedrock, the Quaternary sands ani gravels have been re-
moved by erosion. Probably the overburden is thin within the entire area and,
outside the main river valleye, it may seldom reach a thickness greater than |50 feet. Weathered boulder clay was observed in a few places, but most Quatern-|
ary deposits consist of sand end gravel outwash. A few eskers were observed inear Hare Indian River. The most prominent esker lies a few miles to the
northeast of Fort Good Hope. It has an easterly orientation and it is flenked
by elongated lakes which mark depressions on both sides of the ridge. i

a
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STRUCTURAL @

Regional Structure

The major tectonic trenis of the Lower Mackenzie region are shown on
the accompanying generalized Geological Map of Northwestern Canada (Figure IV). |
The project area is situated in the centre] Mackenzie Sedimentary Basin. To
the west of the basin, sediments have been folded to form the mountain ranges
of the northern Yukon and the iiackensi : Mounteins. The Interior Plains were
much less affected by orogeni«: forces, but close examination reveals abundant
evidence of significant tectonic disturbance throughout the region.

The folded and faulted Mackenzie Mountains have a northwest trend
fran Camsell Bend to an area northwest of Norman Wells, where their general
direction changes to almost due west. Nevertheless, 2 continuing northwest
trend across the Interior Plains appears evident in the presence of faults,
fractures and possibly some folding. The Franklin Mountains consist of a nun-
ber of relatively widely spaced anticlines that are cut by several transverse
faults and which form « frontal belt curving around the periphery of the Mac-

_ kenzie Mountains. The Franklins are separated from the Mackenzie Mountains by |
_ the Mackenzie Plain, a wide flat ares which includes the valley of Mackenzie |

River. The Meckenzie Plain and parts of the adjacent mountains seem to have
been the site of a large, relatively narrow trough which subsided during de-
position of Upper Devonian and Cretaceous strata.

| takes place near Peel River, where the Richardson Mountains trend towards the

| ef the southern Richardson Mountains to the Mackenzie delta. To the west of

_ Pennsylvanian, Triassic, Jurassic and early Cretaceous age are widespread, but —
_ the same units do not occur to the east of the hinge line.

Another sharp northward change in direction of the mountain front |

north. The long eastern front of the Canadian Cordillera seems to come tu an
end at the Arctic coast north of the Richardson Mountains, and its projection
is a mtter of conjecture at this time. Eoth the southern and northern Richards
son Mountains can be interpreted as older tectonic unite, which were not affect+
ed as actively by the Laramide orogeny as most other Cordilleran ranges. A
major tectonic hinge line can be drawn from the headwaters of Peel River, west  
this line lie the Eagle Plain, the Porcupine Plain, the Arctic Plateau and the
northern Richardson Mountains. In these areas, beds of Mississippian, Permo-

'

It is obvious from the position of the principal mountain trends that |
the structure of the Mackenzie Basin is much more complex than that of the
Alberta Basin. The fundamental cause of this difference in character can be |
ascribed to the greater intensity and variety of pre-Laramide tectonic distur- |
bances that have taken place within the Mackenzie Basin. In the course of our
field work we found evidence of Caledonian (early Ordovician) and Appalachian
(early Permian) tectonism. It can be easily visuslised that the Laramide (late |
Cretaceous and Tert ) orogenic trends were strongly influenced by the pre-

| existing pattern of folded belts, akBch and major faults. a is ex-

2

tremely difficult, however, to analyse th and their relations in
space ond time, particularly within areasa small isolated outcrops.

|
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Structure within the Company Holdings

Structural conditions within the C holdings are illustrated on
the igcompanying structure contour map (Figure VI) and on five structural cross-
sections (Figures VII - XI). egional geological data clearly indicate that the
project area is situated on a broad uplifted structural arch. As is shown on
Figure VI, the dip and strike is not uniform but is interrupted by a broad
plunging nose known as the Fort Good Hope High. Whether or not the Fort Good
Hope High was once roughly horizontal and later tilted to its present plunging
position, the setting is one that favours the generation and accwmlation of
oil. The abundance of oi] seepages over and around the Good Hope feature, as
described elsewhere in this report, adds considerably to the ides that the oil
and gas prospects in this ares are good.

Over most of the Permit area the strata are gently dipping to the west.
and southwest at a rate of approximately 35 feet per mile. Beds are more steep-
ly inclined in the southeast corner at the rate of 125 feet per mile, but in the
northwest quarter of the map area they dip to the west and northwest at the rate
of approximately 25 feet per mile. The structure mp (Figure VI) shows con- |
tours on top of the Middle shale member of the Ramparts formation, which has
been mapped at the base of cliffs formed by the Upper limestone member. where
the Upper member is removed by erosion, the top of the Middle shale has been
reconstructed. The map indicates the presence of some broad structural anom-
lies which include closed dom or anticlinal structures. One of these is
situated near the confluence of Bluefish River and Hare Indian River and the
other dome lies west of Lac a Jacques. The presence of reversed dips to the
east and the amount of closure have not been established by accurate measure-
ments, but they sre based on evidence from the structural cross sections. Their
presence is also supported from photogeological interpretation. The domes are |
subsidiary "highs" on two structural "noses" which trend in westerly and south- |
westerly directions. The wide valley of Hare Indian River between Sholberg
Creek and Mackensie River coincides with one such structural nose or anticline.
The noses are separated by « synclinal feature with a southwest-treniing axis.

Several structural features, such as folding and faulting of lesser
magnitude, are present in the area. Some of these features are possibly of

importance with regard to oi] and gas accumilation as the larger regional
structures shown on Figure VI. Small gentle domes can be observed at the cliffs
of the Ramparts of Mackenzie River (Figure XI). ‘These domes appear at the cliff
face as arches which span a distance of less than half a mile and with a height
of no more than 20 feet. In other places the beds have erratic gentle dips,
which indicate the presence of small folds and faults. Three disturbed areas
have been marked in Figure VI. Their origin has not been established, but it
is inferred thet they may be connected with collapse features associated with
dissolved gypsum lenses in the underlying Bear Rock formation.

No faults of significance have been observed in outcrop, but faulting ©
must be fairly common in the area, as indicated by photogeological evidence.
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Approximately 25 miles east of Fort Good Hope, besal Cretaceous sands are
ted with ofl. Equally porous, but non-bituminous, sands of

the same age lie adjacent to the oil sand. It has beon concluded, therefore,
that the oil must have seeped into ibs sandstone along « fault or fissure in
the underlying Paleosoic beds. Th: gee seepage near Hare Indian River, which
is indicated on the Photomossices and on Figure V, has « linear trend and is
also suggestive of faulting or fracturing in the bedrock. ‘The same is true of
the seepage on the Ontaratue River described in our first report to Glacier
as a result of the 1957 field operation.

It is in part such confirmtions 2s this that lead us to describe
many of the strongly developed lines controlling vegetation, and even physiog~ —
raphy on the Plains, sc probable faults or major joints, rather than linestions,
"Lineation” as applied to these and similar features is « non-descript term
that is e confession of ignorance that we do not feel is applicable. Other
supporting evidence mst slso, of course, be available before we can apply the |
term "probeble fault" or major joint to a lineation, but we feel we have that
evidence where the term hao been used.

The Fort Good Hope structural arch, which occupies the Company hold- |
ings, and their imaediate vicinity, emerged prior to Cretaceous deposition.
The Imperial formation, the Fort Creek formation and part of the Upper
menber of the Ramperts formation were removed by erosion from the elevated area |
prior to the deposition of Cretaceous beds. The uplift may have been caused by |
block faulting or by gently compressive forces. Basal Cretaceous beds fill the |

| depressions on the uneven surface of the Paleozoic, ami they directly overlie
the Fort Creek formation and the Upper, Middle as well es the Lower member of
the Ramparts formation within the area and the imediate vicinity. Stability
| of the Port Good Hope area, or slight positive movement in Middle Devonian
time is indicated by the distribution of reefs in the Upper member of the fam- |
| parts formation.

Renewed uplift took place after Lower Cretaceous time, presumably
| during the Laramide orogenic period. This conclusion is deduced from the |
_ occurrence of bedded glauconitic sandstone at the base of the Cretaceous rock
| sequence near the rapids at the south end of the Ramparts and on Tsintu River.
| The glauconitic beds are not present in most of the Company holdings. The many

| Cretaceous outcrops within the area are of an entirely different type and con- |
| sist of littoral deposits that represent an early phase of the Lower Cretaceous
| transgression. ‘The glauconitic beds, on the other hand, are of marine origin |
_ and probably formed « widespread deposit which overlay the basal sandstones and
|e tes. The absence of the glauconitic interval within the larger por-
tion of the Company holdings meens thst it has been removed by erosion sub-
sequent to uplift of the area in late Cretaceous or Tertiary time.

Interpretation of the air photos cov the project ares shows abun-|
dant evidence of locally high structural relief. an area such ae the Fort |
| Good structural arch, this is to be expected. The most conspicuous areas |

ure

}

high structural relief have been marked on the geological (Fig~ |
V) and on the Photomosaice. The numerous faults and fissures that have |

been marked on the mosaics show preferential] trends in fracturing within the i
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Numerous
| One of the better know seepages was found on the Ontaratue River, a short dis- |
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area. It is not possible, however, to indicate the amount of displacement
which may have taken place along the faults.

In summary, it can be stated that there are several indications of |
the abundance of structural anomalies within the area. Faults and folde may —
have formed potential reservoirs in porous beds of Paleozoic age. Repeated
emergence of the area prior to Cretaceous deposition and in late Cretaceous or |
Tertiary time my have stimulated migration of o11 toward the Fort Good Hope
are@ae

OIL AND GaS POSSIBILITIES

041 and Gas Indications

There ere numerous indications of ofl and gas widely scattered
throughout the Mackensie Basin. The most important discoveries sre the Normn |
Wells oil field, producing light gravity oil from the Upper limestone member
of the Ramparts formation (Kee Scarp limestone), and the recent gas and light
oil discovery in “Permo-Pennsylvanicn" strate on the Eagle Plain.

Many seepsges have been observed in the Mackenzie Basin by our
geologists and several others are reported to have been founi by trappers «ani

ers. Oi] and gas seepages led to the discovery of the Norman Wells
field. One of the best known scepages of live oi] occurs on a hill overlook-
ing the east shore of Rond Lake, sbout 60 miles north of Fort Good Hope. At

| this locality, two large seeps, an acre or more in extent, are separated bys
_ narrow band of trees. These seeps have been known for many years and the i
Hudson's Bay Company used to obtain supplies of pitch from the. Analytical

- data concerning the oil were included in the Geological Aeconnaissance Report
of 1958. |

Oil-stained and pyrobituminous rocks are commonly observed on out- |
cropping strata of Ordovician, Silurian and Middle Devonian age. 1

gas seeps have been observed in the Lower Meckenzie Basin.

tance from ite junction with Circle River. This occurrence has been made pub- |
lic by Glacier Explorers Limited. The gas bubbling up fromthe river bottom |
will burn with a deep blue flame.

Seepages of of] and gas have been reported by trappers from the |
vicinity of the Richardson Mountains, but none of these heve beer investigated

_ by our field parties. [
|

Sandstones of Cretaceous age are impregnated with tarry oil] at several)
known localities east and northeast of Fort Good e« The most prominent
occurrence of o1] sand lies about 22 miles east of Fort Good Hope within the

+ The locality has been marked on Photomosaic, Sheet No. 1. |Company holdings
‘The basal quarts sandstone of the Sans Sault formation rests disconformbly on

limestone which belongs to the Middle shale member of the Ramparts form. |

 — ———
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The sequence of bedded, ani in part crossbedded, samistone is approxi- .

| mately 90 feet thick. The imr ted sandstone is dork brow in colour and j

| has some similerity with parts

of

the McMurray “tar sands." Near the satura-
| ted sands, equelly porous sands were fount which did not contain bitumen. Ie |

is concluded that the o1] migrated upward into the sand from faults or fissures |
in the underlying limestone and shale series and that the original reservoir |
| must lie within the Paleosoic strata. {

| Bitumen and fresh light brown oil-staining were noticed in the basal
Cretaceous sandstones at severe] pleces on Mackenzie itiver. Oil-satureted :
sandstone lenses, reaching an aggregate thickness of several feet, form part
of the basal sone of conglomerates and sands near Airport Creek. The oil has
a different aspect from the "ter sami" east of Fort Good Hope. Ite origin can- |
| not be determined but, possibly, it has migrated up-dip from sources farther
| west. j

A gas seepage was found on 2 small creek which flows from the south
| into Hare Indian River, three miles east of the mouth of Bluefish River. The
| locality is marked on Photomosaic Sheet No. 4. Gas bubbles rise from the river
| bottom and between pebbles on the shore. The gas is coming to the surface

| along a straight line with north-northwest direction which is at least 295 feet
long. It is associated with hyirogen sulphide, which causes 6 white coating
en pebbles at the eige of the creek. Due to difficulties in shipping, the
sampling equipment did not arrive when it was needed. Unfortunately gas samples

| were, therefore, not taken. An attempt to ignite the gas failed, probably be-
| cause the flow was not strong emough. The linear shape of the gas seep suggests
that it is associated with faulting. The Middle shale meuber of the Remparts
formation forms the bedrock at this locality, but it is not exposed. The steep
bank of the creek consists of 3 feet of sandy gravel which is overlain by 45

| feet of reddish coloured sand of late Pleistocene or recent origin.

= 8 e

| In assessing the velue of the numerous seepages known in the Lower
| Mackenzie area, it is obvious that the incidence of such occurrences is ex-
| tremely high, relative to those known in the more southern portions of the
| Western Canadian Sedimentary Basin. This  

f $ 3 : 5 a q g

| prospects as the southern ares. It may al
| more seepages known on and around the Fort Good Hope High than are known any-
| where else in the Western Canadian Sedimentary Basin. This may easily be due
| to the influence through geological time of t
| buried feature, or group of features, as suggested under the heading of "Struc-
| ture within the Company Holdings."

: z 5 <q : E 5 :

i i i : 5 E

ve Format.

| The following stratigraphic intervals are considered to provide the
| best prospects for the occurrence of hydrocarbons. Any of them may contain
| reservoir beds within the Company holdings. They ore the Cambrian, the Ordo-
vician and Silurian serics, the Bear Rock formation and the Lower limestone

  +
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member of the Ramparts formtion. Cretaceous sanistones and the Upper lime-

| age show

STEP
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Delentte Tate of Ordovician cnt Stlarian|

_ tial as an oil and ges producing sone within the Compeny holdings. Accumla-
_ tion may have taken place in porous beds below the sub-Devonian unconformity,
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 stone member of the Ramparts show porosity and oi] staining, but these beds are
too clese to the surface to promise accwmlations of commercial significance, |
except in the southern part of the Permit holdings. Brief comments on the |
prospects of each of these rock groups follow.

Kotherine Pee A thick sandstone series, which we have tentatively |
designated as the © group, forms the basal part of the Cambrisn in most i
of the Mackenzie Sedimentary Basin. The sandstones are generally quartzitic |
and tight, but in places they are porous. It is estimated on a basis of re-
gional data that the top of the sandstone series lies at a depth of approxi- |
mately 5,000 to 6,000 feet below the surface in the Fort Good Hope area. Pros- |
pects in the Katherine group may be compared with oil occurrences in the so-
called Granite Wash of Alberta which are related to topographic and structural |
features of the basement. The geological data, availahle within the Company |
holdings and their vicinity, provide no direct indication of potential reser-
voirs within the basal Cambrian sandstones. The evaluation of these étrata
must await the results of deep drilling.

c and « Dolomite beds of Ordovician and Silurian
vugey

Mourtains. Porosity is also common within beds belonging to this stratigraphic
interval in the entire area where they are exposed east of Mackensie Aiver.Black shales and argillites of approximately the same age as the dolomites
occur in a wide belt on the west side of the Mackenzie Basin. These shales
are at present partly in a down-dip position with regard to the dolomite beds
of the eastern platform. The black shales may have been excellent source
beds for hydrocarbons. Faults and anticlines may have formed excellent traps
for oil and gas which migrated laterally into the porous Lower Paleozoic
dolomites. The Ordovician and Silurian rock series is regerded to have poten-  or below the highly siliceous zones in the Silurian, at depths not exceeding

_ 2,500 feet within the project area. \

_ the Company holdings. Int

| Kee Scarp.

be
—
_
—

an
es
:

Bear Format, The lower part of the Bear Rock formation is
porous in crops were exomined in areas to the south and east of |

er porosity and vugs were observed in many
places. Under favourable confitions o1] and gas may have accumlated in brec- —cia reservoirs, which are sealed by the impervious dense limestones that form ithe upper psrt of the Bear Rock and by argillaceous beds belonging to the Ram- _parts formation.

s Forma e Th
bioherm in er e ® formation has been established
within the Company + Other bicherms may occur in the west part of the
area, where, present,
situation can be compared with that existing at Norman Wells, where the produc- |
ing Kee Scarp (Upper Rawparte) reef is only a short distance west of the expo
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CONCLUSTONS
The subject area is located in the Lower Mackenzie Basin near Fort

Good Hope, on and adjacent to the Mackensie River. The gesgraphic location of
this area means that it is readily accessible.

Heavy freight shipments can reach the area by riverboat, and Fort
Good Hope is on a regular airline route.

The terrain in the area poses no particular difficulties, although
there are many lakes and several smell streams.

Bedrock is at or close to the surface over most of the area. The ex-
posed bedrock consists of Cretaceous shalw and sandstone and Devonian Ramparts
and Bear Rock shales and limestones.

The regional structural position of the srea on a broad, indistinct
structural feature known as the Fort Good Hope "High," is favourable from the
stanipoint of the accumlation of both of] and gas.

The total prospective stratigraphic section in the area is approxi-
mately 5,000 tv 6,000 feet or more. |

Potential oil and gas horisors are in rocks of Cambrian, Ordovician,
Silurian, Lower (?) and Middle Devonian and Lower Cretaceous age. i

Local areas of structurally high relief suggest that faulted, folded
or stratigraphic-trap type reservoirs are likely to be present.

The numerous seepages of of] and ges that are located on and imnedi-
ately adjacent to the subject acreage add considerebly to its interest. |

Several deep tests have been drilled in the Northwest Territories
over the pest few years and additional deep wells are currently being drilled.
The experience gained on these ventures will provide useful guidence in further |

| exploratory drilling in the area. |

In view of the above, the following recommendstions are made vegarding |
exploration within the Company holdings:

1. A strecture tect program should be carried out to test one or mere |
of the structures indicated on Figures V and VI. The most convenient and prob-
ably the most likely structure is indicated by the closed 900-foot contour on
Figure VI, as being located on the axis of the Fort Good Hope "High." It
should, at the same time, be noted that this structural interpretation depends
on rather limited control —w outcrop locations along the lines of |
cross-section of Figures IX. Under the circumstances, the control |
station on enacaentian BB! (ies VI) showing an elevation of 800 fect, is |
/a key point, inagmuch as it is possible that the adjacent ares to the south,
indicated as being structurally high on « basis of photo interpretation (Figures
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V and VI) is a more favourable prospect. The first two or three holes in that
area should be drilled on each of the two features, and et the key position
between them, regardless of which interpretation is accepted. They would pro-
vide the data indicating which of these two structural feetures should be fur-
ther tested by additional structure tests.

2. A second structure that should be tested, but which may be re-
garded 1s a secondary objective becouse of its distance from Fort Good Hope and
the Mackensie River, is located in the southeast corner of the Permit area,
immediately to the west of Lac a Jacques. This feature shows as a "High" on
both the structure contour interpretation and the photo interpretation which
might possibly make it the prime objective, if it were not for the fact that it
is not as accessible as the other feature. In any event, either one, or both,
of these features should be logical objectives for further exploratory activi-
ty. It is anticipated that structure test holes on this structure ani the one
referred to above would be from 150 to 200 feet deep.

3- If the presence of folded or faulted structures should be con-
firmed by the above structure test program, one or more deep tests should be
drilled to a depth sufficient to evaluate strata of Devonian, Silurian, Ordo-
vician and possibly of Cambrian age.

OC) we
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February 29, 1960
1009 Fourth Averme West,
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PLATE 1

 

A, The main street of Fort Good Hope, N.W.T., showing

Indian houses in the foreground. Visible in the back-

‘
ground and to the right, are the church with mission

buildings, and R.C.M.P. quarters.

 

 

 
. Helicopter at its base, Fort Good Hope. In the back-

ground the Ramparts on Mackenzie River.

Photos by R. de wit

J. C. SPROULE & ASSOCIATES

 
 



 

  

A, Bioherm in Lower limestone member of the Ramparts

formation at an unnamed tributary of Hare Indian River.

The bioherm is composed of the remains of reef-building

organisms, which form a structureless mass.

 

B, Large coral colony in Lower Ramparts limestone beds which

underlie the bioherm, shown above, 
Photos by R, de Wit

 



   
A, Middle shale member of the Ramparts formation exposed

on Mackenzie River, In the background are the limestone

cliffs of the Upper Ramparts member,

 

B. Mackenzie River flowing through the Ramparts, The cliffs

on both sides of the river consist of massive limestones

which belong to the Upper limestone member of the Ramparts

formation,

Photos by G. A. Wilson
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PLATE 4

 

A. Upper limestone member of the Ramparts formation, The

cliffs have a bedded appearance due to large reefal
lenses and widespread thin argillaceous intervals.
Concealed by talus, a prominent interval of dark brown
shale lies at the bottom of the cliff.

 

B, Stromatopora reef in the Upper limestone member, The

limestone is partly stained with oil.

Photos by G. A. Wilson and W. O, Kupsch  



 
A, Contact of Ramparts formation (Upper limestone member)

with the Fort Creek formation at Airport Creek, Black
shales of the Fort Creek formation overlie the lime-

stone unconformably.

 

B, Cretaceous sandstones unconformably overlying the Upper

limestone member of the Ramparts formation, The eroded

surface of the Ramparts formation slopes toward the fore-

ground of the photograph, The limestone shows a relief

of approximately 30 feet, The outcrop is located on the
left bank of Mackenzie River, near the mouth of Airport
Creek,

Photos by R. de Wit
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PLATE 6

 

A, Angular unconformity between the Ramparts formation and

Cretaceous sandstones, This outcrop is located near the

rapids on Mackenzie River, at the southwest end of the

Ramparts.

 

B, Thick lens of coal in basal Cretaceous beds, Outcrop is

located near the rapids on Mackenzie River, at the south-

west end of the Ramparts.

Photos by R. de Wit and G, A, Wilson
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PLATE 7

 
View of impregnated basal Cretaceous sands from the air.

 

B. Crossbedded basal Cretaceous sands, impregnated with

dried oil. Locality is 20 miles east of Fort Good Hope.

Photos by J.C. Sproule
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Basal Cretaceous conglomerate at Mackenzie River near Air-

port Creek, Lenses of sandstone are impregnated with oil.
Ae

 

B Basal Cretaceous sandstone exposed 25 miles east of Fort

Good Hope, The sandstone consists of clean quartz grains

and is not stained with oil.

Photos by R, de Wit

  



 

 
yas seepage on a tributary of Hare Indian River, Gas
bubbles rise from a linear fissure over a distance of

approximately 100 yards at the water edge.

Photo by Re de wit \d

 



 

 

 

STRATIGRAPHICSOTION NOs2

SHOLBERG CREEK

FORTGOODHOPE ARBA,NeWeTe

(Latitude 66° 29° North, Longitude 127° 54" West)

 

This section was measured on Sholberg Creek, a tributary of Hare Indian River.

The creek was named by us after helicopter pilot D. Sholberg. The beds are

intermittently exposed on the creek, but they show a fair section of the upper

part of the Lower limestone member of the Ramparte and of the basal part of the

Middle shale menber. The latter consists of black shale which appears to be

identical to the Fort Creek shale. Measurements were made with a five-foot

staff and with compass. The description is recorded from the top downward.

Description and measurement by W. O. Kupsch and R. de Wit.

STRATIGRAPHIC SUMMARY

MIDDLE DEVONIAN

Ramparts Formation

Middle Shale Member (incomplete) 30 feet

Lower Limestone Member (incomplete) 257 feet

Total Measured Section 287 feet

STRATIGRAPHIC

DESCRIPTION

|

Interval Thickness Description |
Feet Feet

MIDDLE DEVONIAN

RamparteFormation

Middle Shale Member

0-30 30 Shale - black, thin-bedded, platy, containing

abundant and Stybioling, possibly
some fish O8~

adherent

Cm met Ree
i GC. SRRGULE GB AssCciantTes

 



- 2 -

@ IntervaL Thickness Descrintion
Feet Feet

Lower Limestone Member

30-159 129 Limestone - grey, coarse-grained, coquinoidal

with abundant brachiopod fragments; beds nodular,
reaching a thickness of three inches; grey~-
weathering. This limestone is interbedded with shale
to a ratio of 60% limestone and 40% shale. The shale
is greyish green, calcareous, and breaks in paper-
thin fragments. The contact with the overlying black

’ shales is sharp.

159=223 64 Limestone ~- grey, nodular, with minor shale
partings, very fossiliferous; greyish green
weathering. Most fossils are in position of growth,
but some coral heads were found in inverted position.
Fossils recognized in the field include:
ioxagonaria, Alveolites, various horn corals,

  

  

  

  

  
  

Dine, Strepedsyerinoid
obite fragments.

223—225 2 Shale - greyish green, calcareous, with some

@ limestone nodules about two to four inches long.

225=235 10 Covered.

235—238 3 Limestone - greenish grey, fine-grained,
eous, with green shale partings; scattered

fossil fragments; grey-weathering.

238-273 35 Shale - greyish green, calcareous, paper-thin;
interbedded with bluish grey limestone composed of
coarse-grained coquina. The upper part of the
interval has more interbedded limestone than the
lower part. Foseils include: Phillipsastrea,
Atrypa, Schuchertella, spores.

273-287 14 Covered.

287 Base of exposed section.   
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(Latitude 66° 28 North, Longitude 128° west)

This section was measured at a creek which flows from the north into Hare

Indian River less than one mile west of the mouth of Sholberg Creek. The

outerop can be reached by walking along the creek approximately one mile

upstream. The reef is probably situated within the stratigraphic interval

deseribed in Stratigraphic Section No. 1. Off-reef limestone beds are poorly

exposed on the same creek. The description of the outcrop is recorded from

the top downward.

Description and measurement by R. de Wit and M, Korostil.

STRATIGRAPHIC SUMMARY

MIDDLE DEVONIAN

Ramparts Formation

Lower Limestone Member (incomplete) 53 feat

STRATIGRAPHIC DESCRIPTION

yep aa sci
MIDDLE DEVONTAN

|

RampartsFormation

Lower Limestone Member

Go35 35 Limestone -< grey-brown, bioherm composed of the

and calcirudites. The fauna is characte

abundant colonial corals including

and Haxaponarla. The — aT ts

Rees cavernous, porosity in fresh rock is



Interval Thickness
“Yest ~Yeet

35-39 4

39-53 4

-

Description

confined to the interior of corals, Off-reef beds
are exposed at a distance of 75 feet from the
bioherm and consist of grey-brown, finely
crystalline limestone which is composed of fine
fossil detritus of crinoids and brachiopods, with
scattered colonial corals. These limestone beds
reach a thickness of six inches.

Covered,

Limestone - light brown, finely crystalline,
wanes argillacsous, detrital, calzerouttie"to

coquinoidal; beds are nodular, three to
five inches thick, and interbedded with thin bands
of brown-grey to grey calcareous shale. This
interval contains a prolific fauna which includes:

iphylluna and posepm forms),  

Base of exposed section.

i
|
|
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FIGUINE ™ass



 

 

(Latitude 66° 14° 30" North, Longitude 128° 42* 20" West)

The section was measured on the right bank of Mackengie River at a distance of
approximately two miles southwest of Fort Good Hope. Parts of another section
which was measured at, an adjacent locality, have been used to substitute
covered intervals. Measurements were carried out with a five-foot staff. The
section is recorded from the top downward.

Description and measurement by R. de Wit and M. Korostil.

STRATIGRAPHIC

MIDDLE DEVONIAN

Ramparts Formation

Upper Limestone Member (incomplete) al feet

Middle Shale Member (incomplete) 161 feet 1

Total Measured Section 242 feet

STRATIGRAPHIC

Dyers spect
MIDDLE DEVONIAN

Formation

Upper Limestone Member

0-45 45 Limestone <- brown to grey-brown, finely |
crystalline, massive, with abundant stromatoporoids; —
stromatoporoidal reef sone.

:

i
4
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45-50

73-81

81-109

109127

127-180

Thickness
Feet

Description

Limestone - nodular, slightly softer interval,
inaccessible.

Rensselandia sone:

Limestone - light brown to grey-brom, finely
crystalline, calcarenitic to finely coquinoidal,
deposited in horizontal layers, but massive, cliff-
forming, light brown weathering, numerous scattered
brachiopods and corals. Other fossils inc).ude:

Coenites, scattered stromatoporoids,
etreaks of abundant Rengselandia in lower

10 feet.

Limestone = argillaceous, light grey-browm,
oe crystalline, interbedded with grey to dark
brown shale, bedded, bed thicknesses three to five
inches, with rough, somewhat nodular surfaces, very
fossiliferous, with crusty algae, small

Synapterbyilun,Ln
Tugumanara, solitary cor

species of Atrypa. At one
place the rock is almost reefal.

Middle Shale Menber

» grey, finely crystalline,
beds

argillaceous, grey, crystal.
medium bedded, eight to ten inches thick, interbedded
with minor bands of greenish brown to greenish grey

andcalcareous shale, scattered Cyrtina

Sshuchertella.

Limestone argillaceous, grey, finely crystalline,
thin=bedded, regularly interbanded with greenish grey
calcareous shale, scattered small Atryps, Martinis.

Covered.

River level.

'
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SECTION

BAN:MACKENZIE

GOOPHOPEAREA,

(Latitude 66° 12 12" North, Longitude 126° 52* 30" West)

This is a composite section which incorporatse parts of three sections which
were measured within short distance from each other on the east bank of
Mackenzie River. The outcrop locality lies epproximately six miles southwest
of Fort Good Hope. The sections were asasured from river level to the highest
aceessible point on the cliff, but the composite dwscription is recorded from
the highest bed downward.

Measurement and description by R. de Wit and M, Korostil.

STRATIGRAPHIC

MIDDLE DSVONTAN

Ramparts Formation

Upper Limestone Member (incomplete) 157 feet !

Total Measured Section 157 feet

STRATIGRAPHIC

DeseriztionSegara Dpsgees
MIDDLE DEVONIAN

Formation
Upper Limestone Member

0-16 16 Limestone - light brown to brown, calearenitic,
few poorly preserved brachiopods and scattered '
stromatoporoids; rubbly, creamy weathering; the }
interval forns a resistant band at the top of the |
cliff.

i J. C, SPROULE & ASSOCIATES i !



 

16=26

48-67

67-38

125-138

138-141

141-157

157

*
| J. CG. SPROULE & ASSOCIATES }

19

Limsstone - light brow, finely detrital, massive,
reefal with abundant platy stromatoporoids and few
bulbous forms; other fossils include and
large « This reefal lens is appro aly
50 feet long and is contimous with clastic limestone
within the same interval.

Limestone - reef, cream to light brown, massive,

largely composed of 3 brown
Qil-staining in the ground mass between organic
romains.

Limestone - light brown, finely crystalline, pure
calearenite with thin lenses of organic material
containing corals and stromatoporoids; massive, light
brown weathering.

Limastone - reef, cream to light brown, largsly
composed of £Gadoporalt)wih a fow
stromat

aaee3 massive, grey-white weathering.

Limestone - brown, finely crystalline, detrital,
with abundant and scattered platy and
bulbous stromatoporo which reach a diameter of
three feet.

Shale marker: Shale ~~ black, non-calcareous, firm,
th abundant Alveolites and severalwi

types of stromatoporoids.

Limestone <- light brown to brown, finely
crystalline, calcarenitic, abundant bulbous
stromatoporoids, almost reefal with scattered
Siringocenhalus; a few thin shaly layers occur in
the centre of this interval; vaguely bedded .

Limestone -~ light brown, finely crystalii..
finely detrital, modium bedded, abundant
at the top four inches of dark grey-brown to
shale, non-calcareous,.

Limestone ~- brown, stromatoporoidal reef,

Base of composite section.  
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STRATIGRAPHICSECTION NO.5

TRINITYRIVER=MACKENZIE RIVER

FORTGOODHOPE AREA,NeWeTs
(Latitude 66° 10' North, Longitude 128° 44! West)

This section has been compiled from observations on a large number of outcropson Teintu River and Mackenzie River. The Tsintu River ie a tributary on theeast side of Mackensie River approximately 1, miles upstream from Fort GoodHope. The sections measured along Mackensie River are one half to three milesdownstream from the mouth of the Taintu River, Measurements were made usingan aneroid barometer and a five-foot staff. The description is recorded fromtop to bottom.

Description and measurement by D.L. Campbell, G.P.E. Whites, and G.A. Wilson,

STRATIGRAPHIC SUMMARY

@ CRETACEOUS
Sans Sault Formation

Shale Unit (incomplete) 289 feet

Sandstone Unit (complete) 9

Total Measured Section 298 feet

STRATIGRAPHIC DESCRIPTION

Feet Feet

CRETACEOUS

aneSault Formation

Shale Unit



142-163

163-173

173-249

- 10 «

Dessription

commonly poorly exposed and weathering into slopes
covered by talus of shale fragnents.

" Shale - grey to grey-black, nodular, alightly
caleareous, grey to black weathering with
occasional concretionary clay~ironstone, hard,
siliceous or caleareous, rust-brow weathering. The
top of this interval is formed by a horigon marker,
one inch thick, composed of silty mdstone and
siltetone. The lower half of the marker sone is
slightly calcareous, fine grained, brownish yellow,
containing slender branching carbonaceous streaks;
it is overlain by 0.5 inch of siltstone, calcareous,
grey, very fine-grained, with cone-in-cone structure,
At 51 feet there is a fairly consistent horigon of
ironstone concretions which is capped by shale, grey,
calcareous, grey to yellow weathering, with cone-in-
cone structure. The concretionary sono averages one
foot in thickness, while the cone-in-cone layer is
usually 2 to 3 inches thick.

- grey, silty, fissile, weathers grey and
contains occasional clay-ironstone concretions.
At. 122 feet is a well developed concretionary sone,
grey, hard, calcareous, up to 2 feet thick, generally
capped by 2 to 3 inches of shale, grey, calcareous,
cone-in-cone structure, yellow weathering; local thin
beds of bentonite at 128* and 130°.

Shale - brownish grey with glauconite and
@lauconitic sand. The sand is green, fine- to

» angular, poorly sorted, unconsolidated,
light green weathering. Ironstone concretions and
cone-in-cone structure are present at the top of the
interval.

Shale - similar tc interval 55° to 139%, but not as
coneretionary.

Shale ~- brownish grey, soft, grey weathering;
containing oval blobs of bentonite, light yellow, up
to 3 inches long and small lenses of bentonite.

Shale - dark grey to black, blocky, slightly silty,
weathers grey, and contains a few grey, rusty
weathering ironstone concretions throughout the
interval.

J. C. Sproute & ASSOCIATES  



262-289

289-298

ne29. LAME SE: ATER LSREARSSRST SAOEMS RLY MURRET TS, 

Shale, ironstone and sandstone, interbedded.

Shale - dark grey, flaky, weathers grey.

Ironstone, (shale) - dense, hard, weathers
rusty, up to 2 feet thick.

Sandstone - green-grey, fine-grained, with good

porosity, weathers grey.

Covered interval.

Sandstone Unit

Sandstone - locally » light grey,
medium=- to coarse-grained with scattered pebbles;
fragments consist predominantly of quarts,
subangular, poorly sorted; carbonaceous, crossbedded,

massive, hard, cliff-forming, porosity.

Contact with the underlying Upper limestone member
of the Ramparts formation.

J. C. SPROULE & ASSOCIATES
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SECTION

MACKENZIE

HOPS

(Latitude 66° 24° 18" North, Longitude 123° 59* 17" West)

This section was measured on the west bank of Mackenzie River, at a distance
of 1.25 miles south of the mouth of Airport Creek. Measurements were made
with a five-foot staff. The description is recorded from the top downward.

Description and measurement by R. de Wit and G. A. Wilson.

STRATIGRAPHIC

CRETACEOUS

Sans Sault Formation (incomplete) 37 feet

MIDDLE DEVONIAN

Ramparts Formation

Middle Shale Member (incomplete) 137 feet

Total Measured Section 17L, feet

pa Rupe beac
CRETACEOUS

0-20 2 Sandstone - grey-white, medium to coarse-

grained, porous.

20-27 7 Covered.

 J.C, Sproute & Associates = |



 

@ interval Thickness
Feet Feet

27-32 5

32-37 5

MIDDLE DEVONIAN

37mlaks 7

90 bé

90-101 uu

101-174 B

174,

7 .

-1-

Description

Breccia of angular, black, siliceous shale fragments
(Fort Creek?) in sandstone matrix; several sandstone
lenses reaching a thickness of one foot, ‘n part with

oji-staining.

Breccia, as above, containing also subrounded grey-
brown chert pebbles with diameter of two to three
inches.

RampartsFormation

Middle Shale Menber

Limestone, argillaceous and calcareous shale -
brown to dark brown, impregnated with limonite,.

Shale, very calcareous and argillaceous limestone -
grey to light grey, little contrast, vaguely bedded,
with beds two to four inches thick, rubbly, grey to
rusty brown weathering.

Shale - calcareous, grey with slight greenish
tinge, finely miceceous, interbedded with some thin,
slightly harder beds of argillaceous limestone;
interval softer than overlying beds, grey, rubbly
weathering.

Covered,

River level.

! nc

J. C, SPROULE & Associates : j
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aaeaeNNEC . a — area -

SECTION

MACKENZIE

HOPE

(Latitude 66° 24° North, Longitude 129° west )

This section was measured on the west bank of Mackenzie River, at a distance
of slightly less than one mile south of the mouth of Airport Creek. The
outcrop was measured from water level to the top of the river bank with a
five-foot rod. The following description is recorded from the top downward.

Description and measurement by G.A. Wilson and R. de Wit. 
STRATIGRAPHIC

CRETACEOUS

Sans Sault Formation (incomplete) 36 feet

MIDDLE DEVONIAN

Ramparts Formation

 
Upper Limestone Member (incomplete) 17 feet

Middle Shale Member (incomplete) 155 feet |

Total Measured Section 208 fest |

STRATIGRAPHIC

yx ein

CRETACEOUS

Formation

@ 0-28 28 Sandstone - grey-white, fine to medius-grained, |
crossbedded, small lenticular brown patches may be
due to oil~staining.

4. GS. SPROULE & AssOciATES
 



 

 

ae
28-36 8

MIDDLE DEVONIAN

36-48

48=53

53-129

129-136

136-208

76

72

-15-

Description

Covered, probably basal sand and conglomerate layer.

RampartsFormation

pper Limestone Member

Limestone - pinkish grey to brownish grey, fine-

grained, in part fossiliferous, containing
» beds six to eight inches thick, light

grey weathering.

Limestone -<- light grey, fine-grained, crystalline,

irregular nodular bedding, beds thin, alternating

with greenish grey soft shale bands of less than one

inch.
|

Middle Shale Member

Covered.

Limestone - argillaceous, light grey, fine-grained,

beds less than six inches thick, interbedded with

one-inch bands of greenish brown calcareous shale.

Covered, probably argillaceous linsstone and
calcareous shale, as above.

Water level.
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STRATIGRAPHICSECTION NO.8

ALRPORT CREEK

FORTGOODHOPE ABBA,NebisTe

(Latitude 66° 25* North, Longitude 129° west)

This section was measured on the south bank of Airport Creek, 2400 feet
upstream from the mouth of the creek. Airport Creek is approximately 17 miles
northwest from Fort Good Hope. The section was measured with a five-fcot
staff from creek level to the top of the cliff. The description is recorded
from the top downward.

Description and measurement by G.A. Wilson and A. Hicken,

 

STRATIGRAPHIC SUMMARY

UPPER DEVONIAN

Fort. Creek Formation (incomplete) 60 feet

MIDDLS DEVONIAN

Ramparts Formation (incomplete) 64 feet i

Total Measured Section 124 feat

STRATIGRAPHIC DESCRIPTION

inera Dyeapen buscition
UPPER DEVONIAN

FortCreek Formation|
0-22 22 Shale - siliceous, dark brown to brown, dense,@ hard, pyritie, interbedded with sone soft shale,

evenly thin-bedded; brownish grey weathering with
fluffy alkali in places on the rock surface. |

h
4

4

i
| J. C, SPROULE & Associates

|

 



 
 

iar nyipae

MIDDLE DEVONIAN

60-61 1

61-76 15

76-98 22

98-107 9

107-111 4

1-119 8

119-124, 5

124,

-1l7 -

Description

Shale ~- siliceous, dark brown, fine-grained to
dense, hard, subconchoidal fractures, evenly thin-
bedded, yellowish grey weathering with fluffy alkali
on the surface,

RampartsFormation

Upper Limestone Menber

Covered.

Limestone - in part dolomitic, reefal, grey to
brown~grey, stromatoporoidal with calcarenitic
ground mass, massive,

Covered.

Limestone - brownish grey, fine-grained,
calcarenitic, fossiliferous, containing corals,
brachiopods and crinoid fragnents, thick-bedded to
massive.

Limestone ~ light brown, fine-grained, crystalline,
thin-bedded, forms break of the slope,

Limestone - light brow, fine-grained,crystalline,
thin to medium-bedded, abundant
unidentified brachiopods and corals.

Covered.

Creek level, coinciding with the base of the Upper
limestone member at this locality.

4. C. SPRoULE & Associates
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i Sh ..oecese Shale trnsl .... Translucent |
i shad ..... Shadow trnsp .... Transparent

@ ' shy eeeeenu Shaly tt eeoeoen Tight (ly) ]

| Bid ...e66 Siderite (ic) tub ..eec. Tubular
sil eeeave Silica (eous) tuf ecoeoece Tuffaceous |

|
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unconf ... Unconformity

uncons ... Unconsolidated

uni 2.2.00. Uniform

UP seecoce Upper

V eoveovcoe Very

var oo » Variable

veol . , Varicoloured

ves .. » Vesicular

VE cvvvous Varigatea

vit . Vitreous

WM coos Vein

vole .. Volcanics

VpS oe. Very poor sample

vrtb ....0. Vertebrate

vwrtl .ocu. Vertical

vrvd ...5. Varved

Wug eeoeo. Vug (gy)(ular)

 

With

» Well

White

« Weak

oo Weather

» Weathered

» Water

Wavy

- Waxy

Crossbedded

Crossbedding
o Crystal (line)

Cross--laminated

Yellow

, Zone

j
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