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OPERATION GEOQUEST CONCEPT

Operation Geoquest - an Operation of the Kenting group of companies and
V. Zaoy Smith Associates Ltd. - is o combined geological/geophysical exploration program
designed for the purpose of solving some of the basic geological and geophysical problems
in the Northwest Territeries of Conada.

Six areas of geologic significance including reefs, carbonate fronts, salt basins,
Foothills structure and geosynclinal hinge line, were selected for study.

The Directa of Resource and Economic Development Group, Department of
Indion Affairs and Northern Development, O'tawa, has approved in principle that expend-
itures incurred in Operation Geoquest muy be allocated ro permits or group of permits in
the Yukon and Northwest Territories. Application of these expenditures will be honoured
up to the total cost of the entire survey.

An extended relecse date of these data has also been granted by the Department.

The following is a report of the work conducted in the Jean-Marie Project within

the Operation Geoquest area.



TABLE OF CONTENTS

PAGE
RESTHEROT . i o v a s 1
PART I - REGIONAL GEOLOGIC SETTING
PHYSIOGRAPHY . . . . . « . .« . . 2
SUGATIORERIIE o o s v wia & o s 4
SHETR: < i oW i e g A 6
PART Il - SEISMIC EXPLORATION
EXPLORATION PROGRAM . . . . . . 9
SEISMOGEOLOGIC INTEGRAT!ON .. 10
MAP DISCUSSION . . . . ST 12
COREIERIENIS ) ¢ e & s ity b 16
PART IIl = GEOLOGIC EXPLORATION
INTRODUCTION . . . . . . . . . 17
Ly e R R T S 18
SRR = o Vi Teis e A A 23
CONCLUSIONS . . . P 25 .
SELECTED BIBLIOGRAPHY T R i 26
PART IV = SUMMARY OF CONCLUSIONS . . . 28
PART V - APPENDIX
SEISMIC FIELD PARAMETERS . . . . . 29
SEISMIC DATA PROCESSING . . . . . 34
LIST OF ILLUSTRATIONS
Mapl - A, B, C Reflection Time
Top of Middle Devonian Carbonate Map Case
Map2 - A, B, C Time Interval
Top of Middle Devonian Carbonate to
Basal Paleozoic Map Case
Map3 - A, B, C Shotpoint Location Map Map Caose
Condensed Seismic Profile and Opposite Page 16

Geologic Cross Section and in Map Case .



ABSIRACY

The Jean-Marie Project is located in the Interior Plains
structural province along the Mackenzie River between the towns
of Fort Simpson and Fort Providence.

A combined seismic and geologic survey was conducted
to determine effective methods of exploration that will locate
folds, faults, solution collapse structures, Precambrian topo-
graphic features and carbonate build-ups.

The seismic program consists of a continuous profile
beginning at the Westerol 3A well, approximately 25 miles eost
of Fort Simpson, and extending along the channel of the Mackenzie
River to near the centre of Mills Lake. Geologic work includes o
study of pertinent well cuttings and logs from wells in the area,
and integration of subsurface geology with seismic data.

Results of the combined survey indicate a regional westerly
thickening of Middle Devonian sediments along the line of inves-
tigation. Carbonate build-ups have been interpreted to include o
bioherm, a carbonate bank and a carbonate front. Faults, folds,
solution collapse structures and Precambrian topographic highs
have also been interpreted on the geologic cross section.

The use of 300% common-depth=point marine shooting was
found to be an effective exploration technique in the evaluation
of this area.



PART I

REGIONAL GEOLOGIC SETTING

Page
PHYSIOGRAPHY . . . . ¢ ¢« ¢« ¢« o « o« s = = 2
STRATIGRAPHY . . . . « « & o« o o o o o = 4

STRUCTURE . . . . . ¢ ¢ ¢ « a o ¢ o o = = 6




EART |

REGIONAL GEOLOGIC SETTING

PHYSIOGRAPHY

Operation Geoquest covers parts of two major physiographic divisions: the Interior
Plains and the Cordilleran Belt. The Mackenzie River is the main drainage. It originates in
Great Slave Lake and flows west=northwesterly across the Interior Plains entering the Cordil~-
leran Belt near Comsell Bend; from there it flows north-northwesterly through the Mackenzie
Valley.

INTERIOR PLAINS

The Interior Plains fo'm a vast area of low topographic relief lying between the
Precambrian Shield on the east an.d the Cordilleran Belt on the west. The land surface is
gently undulating at most places.

The Interior Plains are about 300 miles wide in the south in the vicinity of Great
Slave Lake, narrowing to the north to a width of approximately 175 miles near Great Bear
Loke. The land is poorly drained; for the most part, lakes and ponds are numerous. Interior
Plains elevations within the Operation Geoquest area range from a low of 250 feet in the
vicinity of Great Bear River to as much as 2,500 feet in the Homn Plateau that surmounts the
plain. At most places, however, the land stands ot elevations ranging from about 500 feet to

1,500 feet.

The Interior Plains are underlain by flat=lying to gently dipping strata comprised
of carbonates, clastics and evaporites of Paleozoic and Mesozoic age. Bedrock is mantled
by a variable thickness of glacial drift. Thus, outcrops are relatively sparse over most of the
area. Some exposures exist along streams which have cut through the glacial cover; others
are present in the rims of plateaus. Numerous significant exposures are located in the eastern
part of the Interior Plains near the Precambrion Shield. Some gentle cuestas dipping gently
to the southwest are present, providing an opportunity to study at the surface early Paleozoic
rocks which are buried in the basin down-dip to the southwest.

Several scattered plateaus rise abruptly several hundred feet to nearly 2,000 feet
above the general level of the Interior Plains. These include the Horn Plateau located north-
west of Great Slave Lake, and the Ebbutt and Martin Hills located in the western part of the
Interior Plains in front of the Cordillera. These broad features represent erosional remnants
of flat=lying to gently dipping Cretaceous beds.
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Evidence of continental glaciation is widespread in the Interior Plains. The
Operation Geoquest area has been subjected to several periods of glaciation during the
Pleistocene Epoch. A variety of glacial deposits is present. Drumlins indicate that the
ice tended to move westerly and northwesterly from the Great Slave Lake area across the
Interior Plains during the latest glacial advance. The plateaus that surmount the plains
tended to deflect the ice around them. The continental ice sheets appear to have coalesced
with the piedmont glaciers along the Cordilleran Belt. As deglaciation proceeded, vast
proglacial lakes formed in the Interior Plains. These lakes were the ancestral Great Slave
and Great Bear Lakes which formed part of a vast series of glacial lokes extending from the
Great Lakes area of the United States and eastern Canada to Great Bear Loke.

At one time, Great Slove Lake stood about 500 feet higher than its present level .
It surrounded the Horn Plateau and may have stretched 350 miles to the west to the vicinity
of the Cordilleran Belt.

In summary, the landscape of the Interior Plains consists of a varied plains and
low=lying plateau region that had reached the late mature stage in the erosional cycle
before being subjected to multiple continental glaciation during the Pleistocene Epoch.
Much of the area has been reverted to the initial stage in the erosional cycle and is being
subjected to light to noderate erosion.

CORDILLERAN BELT

The Cordilleran Belt lies west of the Interior Plains and covers parts of three
physiographic subdivisions: the Mackenzie Mountains, the Franklin Mountains and the
Mackenzie Valley. The Operation Geoquest arec includes rugged, moderately complex
mountains and a broad intermontane valley. The Mackenzie River flows through the valley
lying between Mackenzie Mountains on the west and the Franklin Mountains on the east.

The Mackenzie Mountains form an important subdivision of the Cordilleran Belt.
They extend from the southern part of the Operation Geoquest area near South Nahanni River,
northwesterly to the western project boundary at Keele River. Sediments of mainly Paleozoic
age are well exposed throughout much of the length of the Mackenzie Mountains. Summit
elevations are in the order of 4,500 to 5,000 feet, and local topographic relief of about
3,000 feet is present. The topography consists of a series of north=northwesterly trending ridges
and valleys produced by differential erosion under the influence of structural control .

The Franklin Mountains form the leading edge of the Cordilleran Belt. They extend
from Nahanni Butte, at the southern project boundary, northerly and northwesterly to the
northern part of the Operation Geoquest area, a distance of 325 miles. The Franklin Mountains
rise abruptly above the Interior Plains and are made up of a series of distinct, linear ranges
which are named, from south to north, the Nahanni, Camsell, McConnell and Norman Ranges.
Summit elevations range from about 4, 500 to 5,000 feet. As much as 3,000 feet of topographic
relief are present.

Qutcrops of Paleozoic strata are common throughout the length of the mountains
where the configuration of topography strongly reflects rock structure and lithology. In some
areas, the ranges have been overridden by glaciers.



The Mockenzie Valley is an area of relatively low to moderate topographic relief
lying between the Franklin and Mackenzie Mountains. It trends north-northwesterly parallel
to the geologic groin of the region. It is on elongate intermontane structural basin varying
in width from 30 to 50 miles, and is nearly 300 miles long within the Operation Geoquest
orea. Although the general level of the valley stonds ot about 500 to 1,500 feet, elevations
os low os 200 feet occur along the Mackenzie River ond as high as 3,000 feet exist in some
ploces.

Bedrock is comprised of comparatively soft clostics of Upper Devonian, Cretaceous
ond Tertiory oge. Some resistont Paleozoic beds are expased along structural uplifts such as
in the Mockay Ronge in the north. Outcrops are common in such areas.

In the southern two-thirds of the Mackenzie Valley, the topography reflects
varigtions in structure and lithology of bedrock . Exposures are relatively widespread.
To the north, however, bedrock appears to change charocter and is partly concealed
benecth deposits of glacial drift. In some of these areas outcrops are relatively scarce except
where tributaries of the Mockenzie River have incised beneath the glacial drift.

In summary, the Cordilleran Belt consists of o moderately complex mountain region

that had attained the late youthful to early mature stoge in the erasional cycle before under-
going multiple Pleistocene glociation. It is being very vigorously eroded by streams ot present.

STRATIGRAPHY

In the following porographs, concepts decling with the regional stratigraphic
development in the Operation Geoquest arec are reviewed and discussed. Details of the
strotigraphy have been reported in the literature by geologists who have studied the area in
past yeors. Thus, one moy refer to pertinent publications listed in the Selected Bibliography
in order to review details. The oge, correlation and lithology of the various stratigraphic
units are shown in the accompanying stratigraphic correlation chart. More detailed discussions
of the local stratigraphy of the Jean-Marie Project will be included under Part 11l of this

report .

Sediments of Proterozoic, Poleozoic, Mesozoic and Cenozoic age are present
within that por* of the Mockenzie Basin covered by Operation Geoquest. The Paleozoic
assembloge is comprised of Combrion, Ordovician, Silurion, Devonian, Mississippian,
Pennsylvonion and Permion carbonates, clastics and evoporites. The Mesozoic sequence is
mode up of Cretoceous sondstone ond shale. Tertiary clastics, Quaternary alluvium and glacial
drift moke up the Cenozoic section. Although many periods of the geologic column are
represented, important gops exist in the geologic record. Recurring cycles of subsidence,
deposition, uplift and ercsion have token ploce.

Sediments were deposited in two main depositional environments which have tended
to persist since the beginning of the Poleozoic Era. The Cordilleron geosyncline lay to the
west along the present doy location of the Cordilleron Belt. Relatively stable shelf conditions
were present in the Interior Ploins. During the Paleozoic Era, carbonates, clastics and
evoporites were deposited in dominantly marine environments. Marine shale and sandstone



accumulated during the Mesozoic Era and were derived from uplifts in the geosyncline to the
west and partly from the Precambrion Shield to the éast.

A thick sedimentary sequence accumulated in the miogeosynclinal belt, and the
total sedimentary section probably exceeds 20,000 feet in thickness. In contrast, the
sedimentary sequence is comparatively thin over the stable shelf where the present stratigraphic
section ranges from a thin edge to about 5,000 feet in thickness.

Paleozoic sedimentation in the Operation Geoquest area probaktly began in the
Cordilleran Belt as the miogeosyncline was subsiding. Marine waters gradually encroached
on the stable shelf, advancing toward the Precambrian Shield where well-sorted coarse
clastics were deposited under shallow-water marine conditions.

Subsidence continued very slowly in the Interior Plains. Interbedded carbonates,
clastics and evaporites were laid down in a marine, shallow-water restricted environment.
Extensive tidal flats probably were present and different parts of the area were probably
emergent at various times. |In the miogeosynclinal belt to the west, thicker deposits of
carbonates, clastics and evaporites accumulated.

During Upper Ordovician end Silurian time, well-aerated marine waters were present
and thick deposits of carbonates were laid down. Marine organic life was widespread and reefs
grew in places. Although this depositional environment persisted into Lower Devonian time in
the Cordilleran geosyncline, the stable shelf was emergent and subjected to widespread erosion.
This period of uplift and erosion probably coincided with the Caledonian epeirogeny .

In the Interior Plains of the Operation Geoquest area, the stratigraphic succession
was truncated progressively from west to east toward the Precambrian Shield. Erosion was most
conspicuous in the southern part of the Operation Geoquest area where strata of Cambrian,
Ordovician and Silurian age are interpreted to have been removed over a broad area. Their
southemn limit is bounded by a line drawn from the north arm of Great Slave Lake west-north
westerly along the north edge of the Horn Plateau and southwesterly towards Nahanni Butte.
Broad differential uplifts occurred in the Cordilleran Belt as indicated by thinning in various
places such as in the Redstone Arch and the Fort Norman area.

Renewed subsidence during Middle Devonian time effected further sedimentation.
At first, three different sedimentary environments originated. A shallow evaporitic basin was
present over the stable shelf lying east in the Interior Plains. The present location of the
Franklin Mountains and Mackenzie Valley cover a transitional zone between the evaporite
basin to the east and an area of carbonate deposition to the west. |t appears that some areas
in the transition zone were emergent at times resulting in the development of karst topography .
Continued subsidence permitted the advance of warm, well--cerated marine waters and
deposition was dominated by carbonates. Environments were satisfactory in places for the
prolific growth of marine life and reef development.

Coinciding with this period of carbonate deposition, or shortly thereafter, very fine
clastics and, in a few places, evaporites were deposited. During Upper Devonian time, a
change in the depositional pattern occurred whereby clastic deposition dominated over carbonate
sedimentation.



To the west, in the rapidly subsiding geosyncline, a thick sequence of fine clastics
accumulated during Upper Devonian time and was probably derived from uplifts within the
geosyncline to the west and from the Precambrian Shield to the east. Subsidence and
depasition probably persisted in the Mississippion, Pennsylvanian and Permian Periods over
most of the Operation Geoquest area. However, much of the stratigraphic record of these three
systems has been removed during o widespread period of uplift and erosion that probably occurred
in accompaniment with late Paleozoic crustal movements. Nevertheless, stratigraphic evidence
present in the southern part of the Cordilleran Belt included by Operation Geoquest and in areas
to the south indicates that clastics, both fine and coarse, argillaceous carbonates and carbonates
were deposited in a pattern reflecting the shelf-miogeosyncline environments that had persisted
throughout the Paleozoic Era.

The stratigraphic record of Mesozoic sedimentation in the Operation Geoquest area
is restricted to the Cretaceous Period. During Cretaceous time, marine seas invaded the area.
Subsidence continued and resulted in the accumulation of dominantly marine shale and sand-
stone which were derived from uplifts within the Cordilleran Belt to the west and from an
eastern source, the Precambrian Shield. Sedimentation in the Cordilleran Belt may have resulted
in the accumulation of approximately 10,000 feet or more of Cretaceous rocks, whereas deposits
were thinner over the Interior Plains - in the order of 2,100 to 3,000 feet.

The Cretaceous Period culminated in the Laramide orogeny. Deformation, uplift
and erosion were widespread. During and after the orogeny, thick deposits of nonmarine coarse
to fine clastics were deposited in local basins during the Tertiary Period. It is also conceivable
that Tertiary deposition under continental conditions was widespread in the Operation Geoquest
area, the stratigraphic record having been removed by subsequent erosion. Thereupon, the
area was subjected to multiple continental glaciation during the Pleistocene Epoch. Following
deglaciation, erosion was renewed and continues today .

STRUCTURE

Operation Geoquesi covers parts of two main structural provinces which correspond
closely to the physiographic divisions. They are the Interior Plains and the Cordilleran Belt.
The Operation Geoquest area has been subjected to several periods of orogenic and epeirogenic
deformation since the Precambrian.

Important structural movements occurred in the Paleoxoic Era during late Silurian
and/or Lower Devonian time (Caledonian epeirogeny). Other structural movements took place
during early Upper Devonian time and presumably during late Paleozic time. Loramide
orogenesis, the most important Mesozoic deformation, originoted late in the Cretaceous and
continued during early Tertiary time.

A variety of structural features occur in the Operation Geoquest area. Qrogenic
folds and faults characterize the Cordilleran Belt; less intense tectonic structures are present in
the Interior Plains. Compaction folds and solution collapse structures are also anticipated. Some
likelihood exists that salt flowage and tectonic accumulation associated with deformation may
have occurred in the Cordilleran Belt.



Structures coused by igneous activity are not known within the Operation Geoquest
oreo but thould not be overlooked becouse they are known elsewhere in the Mockenzic Basin.
However, their effects are very locol. Of lesser importonce ore structures that could have
been coused by the dislocation of surfoce bedrock during glociation and isostatic rebound
following deglociation .

INTERIOR PLAINS

The Interior Plains structural province forms a vast area of gentle to moderate
structu gl intersity lying between the Precambrion Shield on the east ond the Cordilleran
Belt 1o the west. The orec was relatively stable during the Paleozoic and Mesozoic Eras.
Near the sostern port of the Interior Plains, in the vicinity of the Precambrion Shield,
Poleczoic strato dip very gently to the west and southwest toward the Cordilleran Belt ot rates
ranging from 15 1o 20 feet per mile. The rote of dip grodually increases into the basin, but
rarely exceeds 250 feet per mile.

The Poleozoic sequence is unconformably overlain by Cretaceous strata thot are
preserved os erosional remnonts over brood areas. Cretaceous beds appear to be flat-lying to
gently dipping. Some gentle folds and flexures are present in the Interior Plains in addition
to other major structurcl elements. These include the Tothlina and Fort Roe Arches, an
unnamed uplift west of Fort Simpson, ond the northerly trending structural hinge line present
in the western port of the Interior Ploins.

The Tathling Arch is @ major structurel feature in the Interior Plains southwest of
Great Slove Loke. Only the north flank of it is covered by Operation Geoquest. This brood
positive feature originated early in the Poleozoic Ero and remained positive at least into
Middle Devonion time. Some parts of the uplift probably were controlled by basement faults.
The Fort Roe Arch moy represent o swbsidiary port of the Tathlina Arch. Stratigraphic evidence
for the arch occuns along the edge of the Interior Ploins, east of the Operation Geoquest area,
where Poleozoic strato thin over the arch in the vicinity of Fort Roe, suggesting it to be o
brood gentle positive feoture .

In the western port of the Interior Plains in front of the Cordillera, a northerly
trending zone of relatively steeper dip is present. It separctes the Interior Plains from the
Cordillevan Belt. This structural hinge line trends northerly along longitude 123°W. Some
locel structwal elements ore developed olong it; one of them is on unnamed uplift which is
interpreted o be present west of Fort Simpson in the area lying within the droinage loop,
convex to the eost, formed by the lower reoches of the Liard River and port of the Mockenzie
River. This positive element was uplifted and truncated during post-Mississippian, pre-
Cretoceous time ond was further elevated during the Laromide orogeny .

CORDILLERAN BELT

The Cordilleron Beit is located in the western part of the Operation Geoquest
reo where modercte 1o very interse deformation prevailed during the Laromide orogeny .
Although parts of the area hod been swbjected to pre-Loromide crustal movements, most of the



deformation was accomplished during the Laramide disturbance. Numerous folds and faults
are present, and they range from simple to complex and moderate to intense. Regional
structural trend is north=northwesterly although considerable local variation exists.

Operation Geoquest covers parts of three structural subprovinces: the Mackenzie
and Franklin Mountains and the intervening Mackenzie Valley.

The Franklin Mountains form the eastern leading edge of the Cordilleran Belt and
are characterized by moderate folds and faults developed mainly in strata of Cambrian through
Middle Devonian age. A major northerly to northwesterly trending thrust fault marks the
eastern boundary of the Franklin Mountains at many places. It gives a sense of motion towards
the Interior Plains.

Only a small part, the eastern front, of the Mackenzie Mountains is included in the
project. Structural trend is to the north-northwest . Structures consist of a series of moderately
to intensely deformed folds and faults.

The Mackenzie Valley forms a narrow, elongate structural basin lying between the
Eranklin Mountains on the east and the Mackenzie Mountains on the west. This north=north-
westerly trending synclinorium is characterized by gently to moderately and locally intensely
folded and faulted structures parallel to the structures in the Mackenzie and Franklin Mountains.
Folds at the surface are defined mainly in rocks of Upper Devonian and younger age. Thus,
Middle Devonian and older strata, which contain promising reservoirs, are buried in the subsurface.
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PART I I

SEISMIC EXPLORATION

EXPLORATION PROGRAM

The Jean-Marie Project of Operation Geoquest is located about 200 miles north
of the prolific Middle Devonian Keg River reef fields of northwestern Alberta. Geophysical
and geological surveys were conducted during the summer of 1968 to gain new information
and develop optimum exploration techniques for future exploratory work in the area.

A 111-mile seismic survey was conducted on the Mackenzie Riv.r, extending
from the Westerol 3A well, 25 miles east of Fort Simpson, to the approximate centre of
Mills Loke. The survey ties with the Camsell Project to the west and the Providence Project
to the east. Data were recorded using SIE PT-800 binary gain amplifiers and a PDR-89
digital tape system. Recording was carried out in a mode to provide a 300% subsurface
coverage.

Reflections representing the top of the Middle Devonian carbonate (Lonely Bay
Formation) and basal Paleozoic were correlated. Reflection time and interval maps were

prepared to evaluate the survey area.



® SONIGRAMS OPERATION GEOQUEST
[ s i AVA'LABLE TR TR O mACLININ I.




-10-

SEISMOGEOLOGIC INTEGRATION

The playback sections were prepared by referencing the time breck to zero and
applying normal moveout and static corrections. The river level was used as the datum,
ond wos determined using existing bench marks along the river.

Identification of the seismic reflections was made by reference to formation
tops from wells drilled along the Mockenzie River. These reflecting horizons are consistent
with those mapped in the Camsell Project to the west ond the Providence Project to the
eost. Sonigroms, os shown on opposite poge, were used in determining averoge velocities
for identification purposes.

Record quality varied from good to poor. In general, the reflection identified
as the top of the Middle Devonian carbonate (Lonely Boy) has better continuity than the

. bosol Poleozoic reflection. Becouse the lithologic change ot the top of the carbonate is
from o shale to o high-velocity carbonate, o strong reflection was expected at this point.

In order to obtain better continuity, the basal Paleozoic event was picked one-
holf cycle higher in the Jean-Marie Project than the some reflection in the Providence
Project. Changes in record quality on this horizon have been attributed to variations in
the thickness of red beds in the Miroge Point Formation.

The reflections from the top of the Middle Devonian corbonate and basal
Poleczoic were the only two correlated. A reflection is present obove the corconate in
some oreos, but is not continuous. This energy is possibly from limestone stringers within

the overlying Hoy River shole.



In parts of the section, a "shingling" - a record-to-record mistie with the
appearance of records not corrected for normal moveout - was observed in the shallow
zone above the carbonate. The shingling may be a result of improperly corrected moveout
on a valid reflection, thus indicating radical near-surface velocity changes. Alternatively,
it may be an effect of multiples from a very shallow reflecting horizon; or a combination
of reflection and refraction, with the reflection reaching its critical angle and a refraction

appearing on the remaining traces.
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MAP DISCUSSION

Map | Reflection Time

TOP OF MIDDLE DEVONIAN CARBONATE

The reflection from the top of the Middle Devonian corbonate is the shallowest
correlatable horizon in this area. Eorlier reflections are either within the zone of first
arrival interference or are not continuous. From the known geology, the top of the Middle
Devonion corbonate (Lonely Bay) is correlative throughout this survey and the reflection from
this horizon is considered relioble.

To determine the approximate subsea elevation of the carbonate, two velocity
functions were used. In the eastern part of the project, o constant one-half velocity
(4,700 feet per second) was applied. This velocity is consistent with the velocity used in the
western portion of the Providence Project.

West of shotpoint 1930, aopproximate subsea elevations were determined by use
of o time-depth function prepored from existing velocity control, well date and seismic
times. This velocity function (opposite Page 15) ties the Jean-Marie Project with the
Comsell Project. The values on this map, os in the case of all reflection time maps, are
subject to near-surface velocity change.

Twenty-nine significant features, os shown on the enclosed mops, correspond
with the fectures numbered on the condensed record section and have been tabulated on the

following poges. Contouring of the maps beyond the lines of control should be considered

speculative.
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12
13
14

15

16

Central or Relief
High Shotpoint in ms Comments

2914 18 Local high

2890 14 Local high

2722 43 Local high

2696 30 Local high

2670 Tie to N.W.T. 2 well

2656 31 Local high

2586 19 Reef - steep flanks at shotpoints
2586-7 and 2582-4

2532 39 Steep dip on east flank

2450 24 Frequency change below basal
Paleozoic

2386 Abrupt dip to west at shotpoint
2391, carbonate pick absent,
opposing directions of shingling
at edges of feature - may be
significant if this is reflected
energy

2264 19 Local high

2110 21 Local high

2080 20 Local high

2040 Consists of steep east dip

1922 Thinning of interval between
horizons - may indicate salt
collapse

1868 20 Local high



Central or
No. High Shotpoint
17 1816
18 1758
19 1690
20 1675
21 1662
22 1651
23 1622
24 1593
25 1556
26 1540
27 1510
28 1462

29 1448

Niis

Relief
inms

21

20

29

17

20

Comments

Local high

Approximate projected location
of B-48 well

Tie to B.A.-H.B. Jean Marie
Creek No. 1 well

Fault downthrown to the west -
evidence is in the unusual dip

for the area and in weakening
of the carbonate pick

Structural high in graben

Fault downthrown to the east -
evidence is in carbonate's
appearing offset

Local high

Fault downthrown to the east -
evidence is in poor character of
carbonate and in projection of

stronger energy from each side

Local high - also tie to
Westerol 7A well

Abrupt dip, thinning to the east
Local high
Local high

Tie to Westerol 3A well
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Map 2 Time Interval

TOP OF MIDDLE DEVONIAN CARBONATE TO
BASAL PALEOZOIC

Facies changes, differential build-up of the Middle Devonian carbonate, and
relief on the eroded Paleozoic surface, are indicated in the Jean-Marie area. Each of
these features could cause a local change in the time interval for Middle Devonian
carbonates and older sediments.

() Where porous reef is surrounded by high-velocity dense carbonates,

shales, or anhydrite, an increase in this time interval would occur.

) Carbonate build-ups on or above the top of the Lonely Bay

Formation would also be indicated by an increase in this interval .

@) A topographic high on the eroded Precambrian surface would be
expressed as o decrease in the carbonate-to-basal Paleozoic

interval .

The carbonate-to-basal Paleozoic time interval values were converted to
thickness by the addition of 0.015 seconds and the use of a constant one-half velocity of
8,000 feet per second for all points east of the B.A.-H.B. Jeon Marie Creek No. 1 test.
West of this well the velocity was progressively increased to a maximum of an 8,500 foot
per second half-velocity at the Westerol 3A well. These velocities are consistent with
those used in the adjoining Providence and Camsell Projects.

The Middle Devonian carbonate-to-basement interval displays a regional
westerly thickening with local variations. The more prominent of these variations are

numbered features on the accompanying condensed seismic section.
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| CONCLUSIONS

Reflection seismic exploration is effective in locating structural featu-es and
interval anomalies in the Jean-Marie area. The use of digital seismic instruments with
binary goin recording aids considerably in obtaining shallow record information.

Anomalies located by the survey are illustrated on the reflection time and
interval maps and also on the condensed seismic section(opposite page) prepared by using
one trace from each record.

Additional exploration would be required to define the oreal extent of these

J. A. Coffeen, P. Geoph., C. I. Klipfel, B.S., P. Geoph.,
Geophysical Consultant. Manager, Evaluation Department.

PALLISTER and ASSOCIATES
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PART 111

GEOLOGIC EXPLORATION

INTRODUCTION

Geologic work in the Jean-Marie Project can be separated into two classifications:
1. subsurface geology, and 2. the co-ordination of subsurface geology with seismic data.
The co-ordination of subsurface geology and seismic information is illustrated by a geologic
cross section accompanying the condensed seismic record section.

Subsurface geologic exploration consisted in large part of a study of bore-hole
samples, cores and logs from a number of exploratory wells in the Jean-Marie Project area.
The projected positions of several of these exploratory wells are shown on the accompanying

cross sechion .

17
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STRATIGRAPHY

Sediments of Cretoceous and Devonion age form bedrock in the Jean-Marie Project.
Cretoceous rocks occur as ercsional remnonts in the area north and south of the survey, which
extends along the Mackenzie River from Mills Lake downstream to the Westerol 3A explorotory
well. Along the Mockenzie River o succession of Devonion red beds, evaporites, carbonates,
ond shales unconformobly overlies the Precambrian crystalline basement. The thickness of
the Devonion succession ranges from obout 2.000 to 3,000 feet. The thinner sections correspond
to topographically or structurally high oreas on the eroded Precambrion surface. The Horn
River Formation and older Devonian rocks thicken westward from approximately 600 feet of
Mills Loke te more thon 1,200 feet near the Westerol 3A test.

On the bosis of gross lithology, Devonian rocks con be separated into three broad
wnits. The upper of these is predominately made up of shale (Fort Simpson and Horn River
Formation) and locally includes limestones and coarser clastic rocks. The middle unit (Lonely
Boy Formation) is mode up of limestones with some dolomites and is interpreted to locally
contoin carbonate build-ups, bonks and bioherms. The lower unit of the Devonian successicn
in the Jeon-Morie areo is charocterized by evoporites and includes the Chinchogo and Miroge
Point Farmations wnich correlate with the Lower Elk Point beds of northern Alberta.

Ower much of the orec between Mills Lake and the Westerol 3A well, the
Chinchogo Formation is mode up of anhydrite. The underlying red beds, which correlate
with the Mirage Point Formation in the area immediately west of Great Slave Lake, contain

voricolored thin beds of anhydrite, shole, halite and sandstone.
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Regionally, the Jean-Marie Project lies northwest of the Middle Devonian
carbonate bank (Slave Point front). Rocks of the carbonate bank are typically fossiliferous
and locally contain biostromes and bioherms. In the area northwest of the carbonate bank,
including the Jean-Marie Project, generally nonporous, well-bedded limestones accumulated
in an open marine environment through much of Lonely Bay time. The northwest limit of the
Middle Devonian carbonate bank lies southeast and south of the Jean-Marie area and is

illustrated by Bassett & Stout (1967) and others.

CHINCHAGA AND MIRAGE POINT FORMATIONS

The base of the sedimentary succession in the Jean-Marie Project is formed by
the Middle and Lower Devonian Mirage Point Formation. It is locally absent over topo-
graphically high features on the eroded Precambrian surface and is characterized by vari-
colored (generally red and green) anhydrite, shale, dolomite, gypsum and some salt. It
ranges in thickness from the depositional edge to a maximum of approximately 400 feet. As
shown on the accompanying geologic cross section, the areas of maximum thickness of the
Mirage Point Formation are interpreted to be where the beds have infilled topographic lows
on the eroded Precambrian surface. The red beds are absent south of the Jean-Marie profile
over the crest of the Tathlina High. This feature can be described as a generally east-west
trending, broad, positive area which remained above sea level during the deposition of the
Mirage Point beds and also during the deposition of the early Chinchaga beds. The Tathlina
High occupies much of the area from the survey to the Alberta border.

The Chinchaga Formation conformably overlies Mirage Point red beds and consists
for the most part of anhydrite with minor dolomites. The formation thickens to the west
from approximately 200 feet at Mills Loke to 350 feet near the Westerol 3A well . Locally,

the Chinchaga Formation was deposited on the eroded Precambrian surface and thins over



topographically high features which remained positive during the deposition of the Mirage
Point red beds. A pre-Devonian topographic high is indicated on the accompanying
condensed seismic prof 'e and geologic cross section between shotpoints 2540 and 2600.

There, a thickness of less than 100 feet of Chinchage beds is indicated.

LONELY BAY FORMATION AND ASSOCIATED CARBONATE BUILD-UPS

Limestones and dolomites characterize the Lonely Bay Formation along the Jean-
Marie seismic profile. The beds are generally nonporous, sparsely fossiliferous and are
regarded as having been deposited in open marine conditions below wave base. The
formation ranges in thickness from 150 feet at Mills Lake to 360 feet in the Westerol 3A
well.

The lithology of the Lonely Bay Formation is characterized by limestones in the
eastern part of the Jean-Marie survey. To the west the formation contains an upper limestone
and a lower dolomitic limestone. The B.A.-H.B. Jean Marie Creek No. | well penetrated
the Lonely Bay Formation in the western part of the survey. There, the formation is 285
feet thick and is made up of an upper dolomitic, argillaceous limestone and a lower
argillaceous dolomite.

Several carbonate build-ups, banks and bioherms are interpretad on the accompanying
geologic cross section. Many of these features are structurally high at the top of the Middle
Devonian Series and are also marked by a thickening of the interval between the top of
the Middle Devonian carbonate and the basal Paleozoic reflection.

The carbonate build-ups have been interpreted to indicate a bioherm, a carbonate
bank and @ carbonate front. At each of these features, the Lonely Bay Formation is believed
to have formed the platform beds. The carbonate build-ups occur as reef growth in the

interval above the Lonely Bay Formation; thus, the age of the interpreted reef is Lonely Boy
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or younger (late Middle Devonian). An interesting comparison can be made with the
Horn Plateou Formation, a biocherm exposed northeast of the Jean-Marie survey, and with
the Slave Point carbonate bank to the southeast and south (Norris, 1965; Bassett & Stout,
1967).

A bioherm is interpreted to overlie the Lonely Bay platform beds at shotpoint
2586 (Feature 7). There, relief on the top of the Middle Devonian carbonate is indicated
to be opproximately 180 feet. A carbonate bank is interpreted over the area extending
from shotpoints 2258 to 2534. This area generally corresponds with a thickening of the
interval from the top of the Middle Devonian carbonate to the basal Paleozoic reflection.
Local thickening (reef growth) is indicated along the margins of the interpreted carbonate
bonk where the top of the Middle Devonian ccrbonate is structurally high.

A corbonate front is interpreted on the accompanying geologic cross section in
the orea west of shotpoint 1888. There, a general westward thickening of the Lonely Bay
ond older Devonian rocks is indicated from seismic data together with local increases in
the interval from the top of the Middle Devonian carbonate to the basal Paleozoic reflection.

Corbonate build-ups west of the front are interpreted to have relief in the order of 150 feet.

MIDDLE AND UPPER DEVONIAN SHALE UNIT

A thick section of dark grey and dark green shales of Middle and Upper Devonian
oge overlies Middle Devonion carbonates in the Jean-Marie area. These rocks include
the Fort Simpson ond Horn River Formations. They are between 1,000 and 2,300 feet thick
olong the Jean-Marie seismic profile. The upper beds of the Fort Simpson Formation locally

contoin lenses of limestone, siltstone and sondstone, and are generally greenish in color.



This is in contrast with the typically dark grey, noncalcareous shales of the underlying Horn
River Formation of Middle Devonian age. As shown on the accompanying geologic cross
section, the Horn River shales are interpreted to be depositionally thinner over build-ups

or reefs in the underlying carbonate rocks. The profile locally shows reflections from
within the Fort Simpson Formation. These may represent lenses of limestone and sandstone

developed within that unit.



STRUCTURE

The Jean-Marie Project lies in the Interior Plains structural province and is
characterized by generally undisturbed beds which dip regionally south ot approximately
30 feet per mile. The sedimentary succession has undergone only moderate deformation
and the structural pattern reflects the relatively stable environment which has persisted

since Precambrian time.

Several types of structural features are known or can be expected in the map area.

These include:

(1) Pre=Devonian faults and associated topographic features on the
eroded Precambrian surface.

2) Post-Devonian folds and faults which presumably involve basement
rocks.

@) Compaction folds over irregularities such as basement hills and
ridges or carbonate build-ups.

(4) Solution collapse structures.

The accompanying geologic cross section along the seismic survey illustrates
interpreted examples of several of these types of structural features. Pre-Devonian faults
and associated scarps are interpreted to underlie the margins of the carbonate bank shown
between shotpoints 2258 and 2534; thus, the deposition of carbonates in the bank may have
been initiated during minor Devonian movement along these faults.

Collapse structures resulting from solution of halite are anticipated in the Jean-
Marie area. A solution collapse structure is interpreted on the accompanying cross section

near shotpoint 1922 where the interval from the top of the Middle Devonian carbonate



‘o the basal Poleozoic reflection is anomalously thin and the top of the Middle Devonian
corbonate is structurally low. This feature is believed to be the result of post-Devonian
solution of halite originally deposited in the red beds underlying the Chinchaga Formation.

Closely spoced, post=-Devonion folds are indicated in the area west of shotpoint
1700 where the top of the Middle Devonion carbonate locally dispioys structural relief
and is generally porollel to the underlying basal Paleczoic reflection. Some of these
features may result in port from local variation of seismic velocity in near-surfoce

vediments .
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CONCLUSIONS

Middle Devonian rocks of the Jean-Marie project display a regional westerly
thickening from Mills Lake to the Westerol 3A well. Carbonate build-ups including
bioherms and banks are interpreted at several localities where a thickening of the Middle
Devonian carbonate interval corresponds to a structural high on the top of the Middle
Devonian carbonate. Thus, a bioherm is indicated at Feature 7 (shotpoint 2586), a
carbonate bank is inferred between shotpoints 2258 and 2534 and a carbonate front is
indicated in the area extending west from shotpoint 1888. These carbonate build-ups
are regarded as reef growth on limestones of the Lonely Bay Formation. They may
correlate with the Horn Plateau Formation, a late Middle Devonian reef exposed in the
Interior Plains to the northeast. Carbonate build-ups interpreted in the Jean-Marie Project
rise approximately 150 to 200 feet above the Lonely Bay Formation.

Structure of the Middle Devonian carbonate section is characterized by regional
south dip in the order of 30 feet per mile. Thus, an up~dip or northward termination of
the carbonate bank, or a northwestward extension to the carbonate front, would form an
up~dip pinchout of possibly porous and permeable beds and a combination stratigraphic and
structural trap. Also traps formed along folds and/or faults are anticipated in the Jean-Marie
area. Accordingly, reservoir rocks and traps can be envisioned in carbonate build-ups and
in structural closures in the Middle Devonian succession of the Jean-Marie area and the

adjacent Interior Plains.

By: G. M. Collins, P. Geol.,
Manager.

J. F. Conrad,
Senior Geologist.

V. ZAY SMITH ASSOCIATES LTD.
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PART LV

SUMMARY OF CONCLUSIONS

Combined geophysical and geological surveys - specifically, reflection seismic
and subsurface geologic surveys - are effective in investigating and solving basic geologic
problems in the Jean-Marie Project.

Corbonate build-ups and structural features including a Middle Devonian
carbonate front, a carbonate bank, a bioherm, folds, faults and a solution collapse structure
are interpreted from the seismic data.

The geophysical and geological survey indicates that reflection seismic exploration
is effective in mapping structure of Paleozoic beds and defining carbonate build-ups and
fronts in Middle Devonicn strata. These and similar features anticipated in the adjacent
Interior Plains are possibie oil and gas traps. The use of digital seismic instruments with binary

gain recording aids considerably in obtaining shallow record information.

Respectfully submitted,

K 2y LR

G. M. Collins, P. Geol.,
Manager .

PALLISTER and ASSOCIATES V. ZAY SMITH ASSOCIATES LTD.
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SEISMIC FIELD PARAMETERS

RECORDING

Amplifiers
Recorder
Sampling Interval
Final Gain
Release Rate
Filters

Tape Format

Record Length
Cable

Hydrophones
Energy Source

Pk BE Y

APPENDIX

SIE PT-800 digital binary gain
SIE PDR-89/MU-80

0.001 second

15 (90 db)

0.030 seconds

16 c.p.s. low cut

125 c.p.s. high cut alias

9 track SEG-A format

0.003 seconds

Marsh - flotation

Crystal pressure sensitive, Hall Sears MP-8
Dynamite

Direct playback made for every recording

SPREAD DIAGRAMS

- a 300% subsurface coverage was obtained using a standard streamer of 2400
feet with a shot located every 400 feet.

- shotpoints 2803 - 2812 were recorded using an asymmetricc| spread of 1800 -
600 feet, but this type spread could not be used due to the fast water

cenditions of the river.

- four hydrophones were used for each station, with water break phones
installed at the first hydrophone and on the end of the streamer.

- the recording technique diagrams illustrate the types of spreads used (see

Plate 1).

-29-
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FIELD TESTS

PR e

Daily: Initial low cut and high cut alios filters

=  eorly goin setting 1 - 10

= finol gain setting 15

=  monitor checked ogainst playbock

=  oscillotor tests every 4 to 5 hours

= every fifth reel, heod skew checked by recording
last 200 feet, oll 1's

= af beginning of each project, systems noise test

Technique

Cubic Autotope DM-40 electranic positioning

| interrogator
2 responders
| omnidirectional antenna

The Auiotape employs microwaves to establish
ranges to fixed or moving locations along the
radio line-of-sight. The system measures the
slope distance between two or more responders
ond visually displays the range in five metric
digits.

One interrogator and two shore-based responders
(beaming into an omnidirectional antenna) were
wed.

The interrogator provides visual read-out of two
ranges simultoneously . A digital read-out of
distances is obtained, with the shot location
being marked numerically and by double spacing
on the paper tope read-out (Plate 2).

Air photos were used to locate the shore stations
which were then marked on navigator's and survey
mops. The stotions were moved on the riverbanks
or islands whenever necessary to be in line-of-
sight.



CUBIC AUTOTAPE DM-40

ELECTRONIC POSITIONING SYSTEM

Ship-to - Shore
Distance with

-.._. . i Range = finder
TR R i e R ek

INTERROGATOR

on-ship / OMNIDIRECTIONAL
/ ANTENNA
/
/
/

|

‘ RESPONDERI

MOVING SITE APPLICATION

SAMPLE DIGITAL READ-OUT

Vol 6 82 Foe553-3
T 72 05 0 6 VISUAL READ-OUT USED BEYOND LOCATION,
| SN T e S i : K g R DIGITAL UNIT SWITCHED ON UNTIL §P SHOT,
: g g g g ; g : ; 3 AND BEHIND AS ADDITIONAL DISTANCE AND
$ 2 50 7 0 4 7 ; SYSTEM CHECK.

001382 = LOCATION
¢ 5. 88 7.0 4-5"5
N A B £ 0-9.8-3 DRIFTING BACK ON LOCATION
354 2 z- 0 '%-#. 5
1.8 5 3 & < 1B R !
a8 5 3. Fal. dv 2.6
. 7 0 4 1| 4  ~=————— BOAT DISTANCE BEYOND 5° LOCATION
READ-OUT IN M£>

RESPONDER RESPONDER

i 2
PETROLEUM GEOPHYSICS DIVISION, HUNTEC LIMITED MARINE SEISMIC

PLATE IT
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In operation, the navigator advises the pilor of his
position. The charge is dropped beyond the shot
location, engines shut down and the boot allowed
to drift bock onto location, while the streamer
drops below the surface (4 feet). The charge is
detonated, power applied and the boat repeats

the procedure. With good conditions, o location
was shot every three minutes.

In addition to the DM-40 system, side-bearings
were taken with a range finder (1000-yard range).

PERSONNEL AND EQUIPMENT

A minimum staff of 17 was required to operate the river program. The crew consisted

- Party Manager - Small craft pilots and deck hands (3)

- Operator - River Pilot

- Assistant Operator = Mechanic

- Shooter - Clerk Computer

- Shooter's Assistants (3) - Cook

- Navigator - Survey Assistants(2)
River Boats

Approximate
Length  Beam

MV/Tiliruk 70 20
MV/Wild Goose 30 10

MV/Pilot I 40 12
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The Tiliruk, @ wooden river boat, was utilized for recording and living quarters.
The Wild Goose was tied alongside the Tiliruk and served as auxiliary power and towed

the streamer.

Two river-scows, flat-bottomed and wide~beamed, were used to move the Auto-
tape responders to their locations, and for ship-to-supply aircraft and ship~to-shore trans-

portation.

The Pilot 11, was used to increase the Tiliruk's progress in fast waters and rapids.

GENERAL STATISTICS

Commencement Date - August 9, 1968
Completion Date - August 16, 1968
Miles Shot - 109.1

Miles Per Doy - 13.6
Shotpeints - 1,460
Shotpoints Per Day - 18

Total Hours - 99.5

Dynamite Used - 18,647 pounds
Average Charge - 12 pounds
Boosters Used - 1,481

Caps Used - 1,482

Weather Days - NIL

respectively .

Weather and river conditions in the Jean-Marie area were good and fair,
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CONCLUSIONS AND RECOMMENDATIONS

Due to the effect of fast waters, rapids and the naturally erratic course of the
Mackenzie River on a long streamer, the use of a shorter spread , either uni-directional
or asymmetrical , is recommended to increase the effectiveness of recording common

subsurface points.

River crafts with greater horsepower will be used in the future, for faster recording
and ease of navigating the extremely fast waters of the Mackenzie, and passibly its tributaries.

Generally, the data obtained were fair, with poor to NR recordings in severe
rapids.

By: J. C. Pelletier,
Geophysicist.

PALLISTER and ASSOCIATES
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SEISMIC DATA PROCESSING

PRELIMINARY TESTS

(a) Spectral Analysis and Autocorrelation -

an analytic program which displays the autocorrelation and power
density curve from a selected window of o designated trace. The
amplitude spectra output from the program are utilized in the
development of bandpass operators. Spectrals were processed for
shotpoints 1957 and 2522. Representative of these spectrals is
shotpoint 2552, Plat |, Page 35 and Plat Il, Poge 36.

(b) Bandpass Display -

enables the determination of the relative amount of energy within
a specified series of frequency ranges or bandpass filters on seismic
records.

Output records are scaled to the same relative amplitudes to allow
comparison of frequency contents from record to rezord. Shotpoints
1957 and 2522 were selected for the Jean-Marie Project. A display
of shotpoint 2552 is shown on Plat Ill, Pege 37.
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PROCESSING

(@) Tapescan

This program has been designed to do a preliminary edit on multiplexed
digital seismic tapes to determine the reel contents and their validity.

(b) Demultiplex

The demultiplex program converts multiplexed seismic records to
sequential digital tapes.

A number of options are included to allow muting, decimation or
truncation of a record.

(c) Binary gain normalization
Normalizes the amplitudes of all traces on a seismic record.
(@) Record reformat

This program reformats or changes the sequence of individual traces
and/or records from several sequential reels onto one reel.

(b) Re-sample

This program rewrites o sequential digital seismic tape in o sample
rate differing from the original sampling.

(@) NMO removal
Final records were used to determine normal moveout curves which
would best fit the data and still allow for dipping formations to be

corrected without manipulation, Plat IV, Page 39.

The preliminary curves were validated by checking the velacity
information obtained against available wells, Plat V, Page 40.

Problems involved in NMO removal were mainly caused by low=
velocity front end noise which, in parts of the area, tended to
interfere with clear definition of seismic events.

(b) Fastband

A bandpass filter program based on the Fourier time-to-frequency
transform method.

{c) Multiplex out

Converts sequential 7-track digital tapes to the multiplex format
prior to displaying any seismic data on drywrites, wetwrites or films.



TWO WAY RECORD TIME (SECONDS)

1.0

800

700

.500

400

.300

200

100

30

60

-39~

PLAT IV

JEAN-MARIE AREA 004
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(o)

®)

(a)

()

Smoothing statics

Were derived by correlation of common subsurface points plotted
in time and proper position.

Sequential mute

Was used to increase front end muting on the seismic records
acceiding to variable patterns. These patterns have been coded
in letters A to F, which appear on the final sections, see Plat VI,
Page 41. Input and output are in CDP standard sequential tape
format .

Trace gather

Reformats sequential seismic tapes to facilitate preparation for
stacking.

Stack

The program processes the output from the trace gather program. A
stacked trace is produced by summing all the traces representing a
common=-depth=point. Traces which have been muted are compensated
for in order to normalize the amplitude relationship on the output trace.

ADDITIONAL PROCESSING

(a)

®)

(c)

100% test sections were made covering shotpoints 1588 - 1602 and
1648 - 1681 inclusive in an attempt to improve recovery of reflections.
No significant improvement was noted.

A power average was used across shotpoints 1925 - 1966 and 2574 -
2594 to improve recovery and gain a clearer definition of primary
events. The results were fair to good.

A condensed section was made using one trace to represent each

shotpoint = trace No. 2, for all end-on spreads and trace No. 5
where the few asymmetrical spreads were shot.

By: R. J. Labun,
Geophysical Technologist.

PALLISTER and ASSOCIATES
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The top of the Middle Devonion carbonate

and the top of basement on the Geologic

con tection are positioned from seismic

dota. They correspond tothe twocolared

reflections shown on the seismic profile.
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