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GEOLOGIC REPORT
on the
TROUT LAKE-CELIBETA AREA,

NORTHWEST TERRITORIES

INTRODUICTION

The geologic evaluation was undertaken to provide
geologic data and interpretations to aid in the understanding of
the geologic framework and oil and gas potential of the area
centered about Permits 6432, 6439 and 6441 in the Trout Lake-
Celibeta area. The work consisted of several paris: areal
geology and structural mapping and integration, and terrain
analysis and accessibility survey.

A photogeologic analysis was done to cover approximately
12,000 square miles centered about the permit acreage and
bounded by iatitudes 60° and 61° 30' N. and longitude 120°
W. and 123° 30' W, This area centers about the permit
acreage and includes the Interior Plains geologic province and
the eastern fringe of the Cordilleran Region. The interpretation
is presented on a map prepared at a scale of 1 inch to 4 miles.
The work was based on photogeologic mapping and incorporated
all published and open file data.

The subsurface structural mapping and integration involved
preparation of a structural contour map on the top of the "Middle
Devonian carbonate". The regional structural contour map
covered the project area and was based on the co-ordination of
surface data and well control.

V. ZAY SMITH ASSOCIATES LTD.




The terrain analysis and accessibility survey involved
stereoscopic examination of vertical air photographs covering
the permit acreage. An air photomosaic was prepared at a
scale of 1 inch to 1/2 mile and the interpretation was super-
imposed on it. Thus, the work can be used as an aid in laying
out and planning a geophysical or drilling program Iin the future.

Relerences to published information and other material in
the report are indicated by the author's name followed by the

year of publication. The references are listed in the Selected
Bibliography at the end of this report.

V. ZAY SMITH ASSOCIATES LTD.




BEGCIONAL. _GEOLOGIC SETTING

PHY APHY

The project area includes parts of two main geologic
provinces: the Interior Plains and the Cordilleran Region,

The Interior Plains occupy most of the project area. The
topography is gently to moderately rolling and elevations range
from 700' along the L.lard River to as high as 2,500' in some of
the low plateaus that surmount the plain, However, in most
places the topography is gently undulating and stands at elevations
ranging from about 1,000' to 1,500'. Bedrock consists mainly
of Cretaceous and Devonian clastics. However, the Interior
Plains have been subjected to multiple continental glaciation., At
most places bedrock is mantled by variable but extensive deposits
of glacial drift. The Liard River forms the main drainage of
the area. In some places tributary streams have incised into the
plain and eroded canyons several hundred feet deep. Muskeg
is plentiful and numerous lakes, both large and small, are present
throughout much of the area. Oulcrops are sparse. Thus, the
landscape of the Interior Plains is made up of a stream-dissected
plains and low plateau region that had reached the late mature
stage in the erosional cycle prior to the Pleistocene Epoch.
Thereupon, it was subjected to multiple continental glaciation and
in places has been reverted to the youthful stage in the erosional
cycle. Parts of it are now being vigorously eroded by streams.

Only a very small part of the projectcovers the Cordilleran
Region, It lies in the northwest corner of the project and involves
mainly a part of the Nahanni Range. This linear north-trending
mountain ridge rises abruptly above the Inteirior Plains and
crestal elevations range from 4,000' to 4,500' above sea level.
Approximately 2,500' to 3,000' of local topographic relief is
present. Rock exposures of the resistant Paleozoic carbonates
are common in the Nahanni Range. The lopography has been
produced by differential erosion controlled by structure.

V. ZAY SMITH ASSOCIATES LTD.




STRATIGRAPHY

Although a detailed discussion of stratigraphy is beyond the
purpose of this report, some comments dealing with regional
and local stratigrapky are presented. Details have been reported
in the literature by geologists who have werked in the area in
the past. Reference to pertinent publications listed in the
Selected Bibliography will provide considerable detailed inform-
ation and background data.

Consolidated sediments of Paleozoic, Mesozoic and Cenozoic
age make up the post-Precambrian sedimentary section. The
Paleozoic sequence is comprised mainly by carbonates, clastics
and evaporites which are Devonian, Mississippian, Pennsylvanian
and Permian in age. Some Cambrian, Ordovician and Silurian
strata may be present in the subsurface in the westernmost part
of the project. The Mesozoic assemblage is composed of
Cretaceous sandstone and shale. A thin skim of Quaternary
alluvium and Pleistocene giacial drift make up the Cenozoic
section. Important gaps in the geologic record exist and recur-
ring cycles of subsidence, deposition, uplift and erosion are
evident, Strata accumulated in two main depositional environments
which have developed and tended to persist since Precambrian
time. A geosynclinal belt lay to the west in the Cordilleran
Region whrereas relatively stable shelf conditions were present
in the Interior Plains. A northerly trending hinge line along
long. 123° W. separates the two areas. Carbonates, clastics
and evaporites were deposited under predominantly marine
conditions during the Paleozoic Era and marine shale and sand-
stone were deposited during the Mesozoic Era. As much as
20,000' of sediments accumulated in the miogeosynclinal belt in
the Cordillera to the west. The sedimentary section is much
thinner in the Interior Plains and it is estimated that the section
ranges in thickness from about 2,500' to 10,000'.

Consolidated rocks exposed at the surface range in age from
Middle Devonian to Upper Cretaceous and are mainly sandstone
and shale. However, some Paleozoic carbonates are exposed
at places in the Cordilleran Region and at a few outcrop areas
in the Interior Plains. The age, name, lithology and map symbol
for the various geological formations are shown in the legend of
the accompanying areal geology and structural interpretation map.

V. ZAY SMITH ASSOCIATES LTD.




Examination of the stratigraphic section shows that source
rocks for the generation of hydrocarbons are widespread
geographically throughout the geologic section Moreover,
potential reservoir rocks which are predominantly carbonates
with some possible clastics, are present. Gas has been
discovered in Middle Devonian carbonates to the west in
the Liard Plateau by wells drilled on anticlinal structures as,
for example, in the Pointed Mountain area. Significant gas
reserves have been developed south of the project area in
northeastern Eritish Columbia, mainly in carbonates of Middle
Devonian age. Numerous shows of gas and oll have been
recorded in wells drilled within the project area. Some wells
are classified as shut-in gas wells. Thus, analysis of the
stratigraphy and the record of exploration to date indicates that
significant oil and/or gas reserves should be developed in the
map area.

STRU R

The Trout L.ake-Celibeta map area covers parts of two
main structural provinces: the Interior Plains and the Cordilleran
Region. A variety of structures are known and are expected.
These include moderate (o intense orogenic folds and faults and,
gentle to moderate epeirogenic warping, faultls and folds .
Compaction folds and solution collapse structures are also expected.
Structures caused by igneous activity may be present locally. Of
lesser consideration and importance are structures caused by
the distortion of surface bedrock during glaciation and isostatic
rebound following deglaciation. Important structural movements
have occurred in the Paleozoic Era during the L-ate Silurian and/or
Lower Dewvonian time, early Upper Devonian time and during late
Paleozoic time. Evidence beyond the limits of the map area
demonstrate periods of crustal activity during the Mesozoic Era
culminating in the L.aramide orogeny of late Lipper Cretaceous
and early Tertiary age

The Intericr Plains form a vast structu‘al province lying
between the Precambrian Shield on the east and the Cordilleran
Raogion on the west. Most of the project lies within this structural
province. The Trout L.ake-Celibeta map area covers part of a
broad gently de‘ormed asymmetric structural basin, Although
gentle to modera'e structural movements have prevailed, some local
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areas have been subjected to moderately intense delormation.
Throughout much of the eastern half of the area Paleozolc
strata dip regionally southwesterly at about 40' to 75' per mile.
However, this regional dip isinterrupted in the western part of
the Interior Plains by several structural elements which will be
discussed in more detail later in this report. These include
the structures in the L.iard Basin and the Celibeia and Liard
Upliits. Paleozoic strata are unconformably overlain by flat-
lying to gently dipping Cretaceous shales and sandstones .

Only a small part of the Cordilleran Region is included
by the project and that is in the northwestern part. The lead-
ing edge of the Cordillera is marked by a high angle thrust fault,
the Nahanni Fault. It has strongly dislocated the strata along a
north-trending structural zone where displacement in the order
of 7,000 is evident. The Nahanni Fault is upthrown to the west
and gives a sense of motion towards the Interior Plains to the
east. Minor folds and auxiliary faults are present along the
leading edge of the thrust fault, and they are displayed in the
Nahanni Range. The structures are defined by dips ranging
from about 10° to 45° or more.

V. ZAY SMITH ASSOCIATES LTD.




AREAL GEOLOGY and STRUCTURAL MAPPING
and INTERPRETA TION

Two geologic maps were prepared to portray the areal
geology and to presenta siructural evaluation. The areal geologic
and structural interpretation map was based on the co-ordination
ol photogeologic mapping and geomorphic analysis with published
and open file data. The maps show the areal distribution of
bedrock formations at the surface and their structural attitude.
The attitude of surface strata are ind/cated by dip symbols;
axes of folds and faults are alvo shown by suitable photogeologic
symbols. The mapping is based mainly on stereoscopic examin-
ation of contact prints of vertical air photographs. Rates of dip
of strata are estimated and assigned to dip classification shown
on the legend of the areal geology and structural interpretation map.
Faults and axes of folds observed on air photographs were iraced
on them and transferred to the base maps. All geologic literature
and open file data was reviewed and incorporated in to the
interpretation .

In many parts of the Interior Plains usual photogeologic
mapping techniques cannot be used effectively because of the
relatively poor expression of bedding on air photographs and the
cover of glacial drift. In these areas structural interpretation
was aided by a geomorphic analysis which involved studies of
drainage patterns and development, topography, glacial geology,
photographic tone, - in fact, all elements that make up the land-
scape. This work lead to the delineation of structures based
on geomorphic evidence and to the defining of geomorphic anomalies.
A geomorphic anomaly is a surface feature delineated by geomorphic
analysis and interpreted to have positive structural and/or strati-
graphic significance. The anomalies are defined by a variety of
evidence including radial and/or annular drainage patterns,
delicate tonal and topographic patterns, elc. These anomalies
have been classified into groups depending on the geomorphic
evidence as shown in the legend. Several distinctive alignments
are also mapped They are indicated by heavy solid lines
labelled DA, Distinctive alignments are interpreted to indicate
fractures, either joints or faults.
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A part of the project is covered by an open file magnetic
survey performed by Gravity Meter Exploration Co. in 1953,
The outlines of magnetic basement anomalies interpreted from
depth estimates to basement and the location of basement faulls
interpreted from the magnetic data are also shown on the areal
geology and structural interpretation map.

A regional structural contour map of the Trout Lake -
Celibeta area was also prepared. It is an attempt to integrate
and co-ordinate surface geologic data with well control. The
object is to portray the structure of the area quantitatively by
means of structural contours which depict the size, shape and
magnitude of geologic structures. The top of the "Middle
Devonian carbonate" is the structural datum | acause it is wide-
spread and present throughout most of the project area. Although
the iop of the Middle Devonian carbonate is not a time line because
of lateral facies changes, the location of the most conspicuous
change, which involves the Slave Point Formation, was taken
into account during the interpretation.

Several local structural features and elements were
delineated during the interpretation, and these are discussed In
the paragraphs that follow.

Liard Basin

One of the most conspicuous structural subdivisions in the
southern part of the Interior Plains is the L.iard Basin; however,
only a small part of it is covered by the project. The eastern
flank of the L.iard Basin is marked by the Bovie fault and
accompanying anticlinal flexure. It is a north-trending linear
structural zone comprised by an elongate closed anticline with a
high angle thrust fault on the east flank. Although stratigraphic
relationships indicate the Bovie fault is upthrown to the west,
regional considerations indicate that the L.iard Basin is warped
down in comparison to the interior Plains to the east.

Interpretation of stratigraphic data within the project and to
the south in British Columbia suggests that the Bovie structural
zone has been active several times in the geologic past. Some
movement probably took place in late Paleozoic time, the final
result being produced during the L.aramide deformation. The
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structural trend lies along the stratigraphic hinge line separaling
the more stable shell of the Interior Plains on the east from the
more mobile geosyncline to the west in the Cordilleran Region.

The Petitot River syncline, a southerly plunging moderately
deformed fc'd defined by dips ranging from 5° to 10°, lies between
the Bovie fault and another fault to the west. This fault is termed
the Liard fault. It is a northerly to northwesterly trending,
slightly sinuous fault upthrown to the west. Displacement appears
to be in the order of 500' within the project area. Although the
attitude of the fault plane is not known, it is interpreted 10 be a
high angle reverse fault,

Celibeta Uplift

The Celibeta Uiplift forms another important structural
element within the project. It lies in the Interior Plains.
Evidence for its presence is based on surface stratigraphic
relationships in the vicinity of the Petitot River, geomorphic
anomalies, several distinctive alignments and well control.

' However, its true structural configuration is uncertain because
of the obscure nature of the evidence. It is shown as a broad
positive feature which displays 2,500' - 3,000' of structural
relief at the Middle Devonian level. Mississippian strata thin
markedly (1,500 to 2,000') over the crest of the Celibeta Uplift,
The flanks of the positive element may be fault-controlled.
Structural reliel on the base of the Cretaceous is subdued (500')
compared to reliel on top of the Middle Devonian carbonate (2,500’
to 3,000'). Thus, the structure apparently was uplifted and
eroded in the post-Mississippian, pre~Cretaceous interval and
subsequently uplifted during the L.aramide orogeny. Permits
6432 and 6439 lie on the northeast flank of this positive element.

L.iard Uplift

The L.iard Uplift is another positive element in the Interior
Plains whose form has not been completely Jelineated., It is
located in the vicinity of the L.iard River in the northwest part
of the project. The subcrop pattern of Mississippian strata and
thinning of the Upper Devonian section (in the order of 1,000' to
1,500') suggest that the L.iard Upliit is a positive element whose
. flanks may be fault-controlled. It was uplifted and eroded during
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the post-Mississippian, pre-Cretaceous interval. Uplilt recurred
during the L.aramide orogeny. Some mineralized discordant
carbonatized dikes have been reported at the surface in the
vicinity of the L.iard Uplift (Roed, 1970). The dikes strike
nerth 18° W, and dip 84° W. They occur in a silicitied fracture
zone 900' long and up to 80' wide In Upper Devonian shale.
Roed (1970) postulates an igneous source for the sulphide
mineralization (chalcopyrite) and states that the dikes may have
been intruded cataclysmically and metasomatized.

West Tathlina High

The West Tathlina High is defined mainly by subsurface
data and is part of a broad structural feature present in the
region southwest of Great Slave L.ake. The West Tathlina High
is a structural element which may be partly fault-controlled. It
probably originated early in the Paleozoic Era and persisted as a
positive feature through Middle Devonian time when it became
submerged. The crestal portion is defined by the depositional
edge of the Chinchaga Formation,: .. -

V. ZAY SMITH ASSOCIATES LYTD.




TERRAIN ANALYSIS end ACCESSIDILITY SURVEY

A surficial geology and terrain analysis map covering
Permits 6432, 6439 and 6441 was prepared at the scale of
1 inch tn 1I/2 mile. The interpretation was superimposed to
an air photomosaic. The map shows the distribution of surface
deposits and portrays topography and other surface physiographic
and geologic features by symbols.

The terrain in Permit 6441 is comparatively level and
slopes gradually from elevations of 1,800' in the west toward
Trout L.ake which stands at an elevation of 1,623', L.ocal
topographic relie!f seldom exceeds 25' except in the southwest.
The land surface is dominated by extensive deposits of glacial
drift and muskeg. The undifferentiated glacial drift is probably
of lacustrine origin in part., Extensive areas of muskeg are
present, especially in the north and they support light to dense
bush cover. Bedrock is completely maniled by surficial deposits
and no outcrops are known. A few easterly trending sand
dunes, which are stabilized by vegetation, are present west of
Trout LLake. A few faint indications of former shore lines of
Trout L.ake are preasent in the southwest corner‘ol the permit,
At places along streams flowing into Trout lL.ake, they are incised
slightly into the level plain; however, this local topography would
provide no hindrance to access. Thus, no severe terrain
problems exist to hinder conventional seismic and drilling
operations although programs should probably be undertaken
during the winter months when the lakes, muskeg and the
ground surface are frozen.

The terrain in Permites 6432 and 6439 is relatively level
at most places. L.ocal topographic reliel seldom exceeds 25' to
$0'. The land surface slopes gradually from an elevation of !,800'
in the northeastern part of Permit 6432 towards the Muskeg .iver,
where elevations of 1,300' are present. The Muskeg River
traverses the permits, The river and its major tributaries are
incised 100! to 250' into the plain and are flanked by steep to
moderate scarps. These incised stream channels could hinder
access by seismic and drilling equipment in places. The land
surface is dominated by extensive and thick deposits of undifferenti-
ated glacial drift which is probably of lacustrine origin in part,
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Muskeg and areas of poorly drained bogs and marshes are
abundant, especially south of the Muskeg River and in the
eastern part of the permit acreage. The area supporis light
o dense bush cover. Several esker ridges are apparent and
in places may be 50' to 75' high, Surficial deposits appear to
mantle bedrock completely although one possible outcrop was
detected in the central part of Permit 6432 in a stream cut of
the Muskeg River.

A northeasterly trending gentle escarpment is present
in the southeastern part of Permit 6439, It can be traced for a
distance of 4 miles. This distinctive alignment can be extended
to the southwest across the Muskeg River. Detailed examination
ol this feature indicates that it is not of glacial origin, It is
suggested that it is a surface indication of an underlying fault
slong which there has been some relatively recent but very minor
movement. Except in the vicinity of the Muskeg River and some
ol its tributaries,no serious problems of access are anticipated
for conventional seismic or exploratory drilling programs; however,
they can be most effectively conducted during the winter months
when the muskegs, lakes and ground surface are frozen.
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SUMMARY and CONCLUSIONS

Permits 6433, 6439 and 6441 lie In the interior Plains
where topographic elevations range from approximately 1,300
to 1,800'. However, local topographic relief seldor exceeds
25' to 50' except along the Muskeg River and its major
tributaries which are incised 100' to 350' into a very gently
undulating plain. Bedrock is formed by Cretaceous clastics but
oulcrops " are probably nonexistant because bedrock is covered
by a variable thickness of undilferentiated glacial drift. Muskeg,
bogs and marshes are common over parts of the permit
acreage, but no severe problems ol terrain and accessibility are
anticipated.

The permits lie in an area which should eventually produce
significant oil and/or gas reserves. Carbonates of Middle D evonian
age, which have ylelded gas in adjoining regions, offer the most
attractive reservoir targets. Stratigraphic and structural/strati-
graphic traps could exist at drilling depths in the order of S,000'
to 7,500'. The permits lie in an area where gentle to moderate
epeirogenic warping, faults and folds are anticipated. Compaction
folds and solution collapse structures may aiso be present. Permils
6432 and 6439 lie on the northeast flank of the Celibeta Uplift,

It is a broad positive feature which displays 2,500' to 3,000' of
structural relief and whose flanks may be fault-controlled. Permit
6441 lies on the flank of a broad gentle asymmetric structural
basin where Paleozoic beds dip regionally to the southwest at
about 50' per mile. A northeasterly trending distinctive alignment,
which can be traced for a distance of 4 miles in the southeastern
part of Permit 6439, is interpreted to be a surface indication of
an underlying fault.

Further delineation of oil and gas prospects should involve
a reflection seismic survey which can best be undertaken in
winter months when the muskeg, lakes and ground surface are
frozen.
Respectiully submitted,
V. ZAY SMITH ASSOCIATES LTD.

George M. Collins, P. Geol.
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