4

P28




th

PROGRAM NUMBER: - P -

Filed under same Project Number or

(a) WRITTEN RBPOQ-:

(1) Operations jeport Number: l
OB, Jlacésns s I buguer
/

(2) Iﬁﬁerpretation Reports Number:
(b)  MAPS:
(1) Shotpoint Maps Number: 2

He,96F 1 Iwwe

(2) Interpretation Maps Number: Z[Z
-Jactlon (fon 0/ oF Wi cap ro POT) HE96F [iv i,
=TSN (T W Comthonmtes) 166, % F
=TSh (T of M. CAp) 944 96F
“TSH (F o DKL) 94 C, 96F
- BodGul. At pap

-TWuE v feanve Pips oF fhilrdooic Ra -
(3) Other Ha’psf, o Number: 8

- SWIREN. SEiStmcthns G20, F-42

N kfﬂW SECWWS A Linss . m)_’ P, T4, "1/0, 7593
- GRWGIAL [ OB My scds st

(c) SEISMIC SECTIONS Number: ZZ )
(Réinel-Sseck and Migrated)
703 g5
IS i
V4416 o
4o rs2
52 7525

7YY rs2?



GREAT BEAR & BLACKWATER LAKE
N.W.T.
E.A. #161 and #162

Program No.'s 9229-P28-14E
9229-P28-15E




REPORT ON THE
GEOPHYSICAL EXPLORATION SURVEY

PROGRAM NO. 9229-P28-14E and 9220-P28-1SE
IN THE
GREAT BEAR AND
BLACKWATER LAKE AREAS
NORTHWEST TERRITORIES

EXPLORATION AGREEMENT NOS. 161 AND 162

BY
PETRO-CANADA INC.
SEPTEMBER 1986
PIELD WORK PERIOD: 31st December 1985 to 29th March 1986
LAND USE PERMIT NOS.: N85-B474 and N85-B473

AREA CO-ORDINATES: Latitude 64° 00' - 66° 10'
Longtitude 121° 30' - 124° 45°

DATA ACQUISITION: Seiscom Delta United

SUBMITTED BY

/_:‘: - X
Patrick Wu ): 74 ;aIﬁ;oro, ;. aopﬁ.

Project Geophysicist Exploration Manager
N.W.T. Region




CONTENTS

1.
2.

3.

4.

Page

INTRODUCTION:ceoseccocscccccccccccosccccsscscsococccse 1

DATA ACQUISITION AND DATA REDUCTION.cccccccccccoe

2.1
2.2

2.3

2.4

Instrumentation.cceccececcscsssccoscscsccscns
Seismic Data Acquisitionecccccccessccccoccsne
2.2.1 Seismic Parameters...cccccceccccccccse
2 SurveyingG..cccceccccccccscscccccccccne
3 Shot Hole Drilling - Blackwater......
4 Shot Hole Drilling - Great Bear......
S Line Cuttinq.........................
d OperationsS.ccicececcccsccssscsscsscncsce
1 Ptoduction Statistics.cceccccccccccce
2.3.2 Terrain and Weather ConditionS..ccese
Seismic Processinge.cccccecccccsscscccccscccos

VOB EWWNON [ ]

INTERPRETATION AND PRESENTATION OF RESULTS..cce..ll

3.1

3.2

3.3

3.4

Regional Physiography and Geology.eceocooesell
3.1.1 Overview of Stratigraphy and Well
GeO0lOgYeeeseeossosoocssssssscsscscsccsell
Correlations Between Well Data and Seismic
DAtAcceccoseoscssssccscsscosscssccssscccssssossel?
3.2.1 Blackwater LaKk@.cceoo:.ocessssscssccesl?
3.2.2 Great BeAr.cccccccccssscssssscsccccoeld
3.2.3 Velocity Information..cececcssccscses20
Presentation of Seismic ResultS...ccccceceee2l
3.3.1 Dip Angle MapS.cccccocssccssssccccsceldl
3.3.2 Restored Sections and Fault
Int.rpr.tation...--..-...........-...23
Gravity Modelling and Interpretationecceecs..25

DISCUSSION OF RESULTS IN BLACKWATER AREA.ccccececo.28

4.1

4.2

The ProterozoiCeccccceccccssssoscssocccccss B
4.1.1 Present Morphology.cesscssessscccccsecedB
4.1.2 Proterozoic StructureS...ccescceccecs 28
A. The Wclverine Arch.cseeccecsccscee9
B, Other ArcheS.ceecsscsessssssscsesll

C. Faults and Topography at
Cambrian Tim@eccceeccsescscocsese30
Mount Clark Formation.eceececccescccosccssccse30




-

Bl s« 2ol

CONTENTS

S.

L X X _X ¥ ¥ 3
.
odounmew

) Page
Mount Cap PormatioNeccceececececcecesccccesell
Saline River FPormation.cceccecceccseccccccsssseeld
Pranklin Mountain Pormation.ceccecccccccceeeldld
Mount Kindle Pormation.cccecececscccecccccccseeldd
Pre-Cretaceous Unconformity.ceceececcccceese3ld
CretaceOUS cccccecsoscsssoccsscscscccccscscooeedd
Pro.p.ct....l.l..l‘...l'l..l....l..ll..l..l.s‘

DISCUSSION OF RESULTS IN GREAT BEAR ARBA..cccce0e35

S.1

The Protero20iCeccccccsccccsssccscsccscccnselds
5.1.1 Present Morphologyeccsscecccocccsesse3S
5.1.2 Proterozoic StructureS..cceccceccccse3b
S.1.3 Paults and Topography at Cambrian
TiM@ccccccoccccccccsscccoscscnsccsnscceedb
Mount Clark 'omltion.......................35
Mount Cap PormationN.ceccccccccccsccccccscsesld?
Sllin‘ Riv‘t ?Omltlon..g...................37
The Ronning Group (Silurian-Ordovician
Carbonates).cccceccccccsccscsssscccoscssccceed’?
Pre-Cretaceous Unconformityeeecccoocccoocessld?
CretacCeOUSB.cccccccccscccscssssssosssoscocsscccell
Pto.p.ct....l..‘..‘ll.l.........l.'.’.'.l..038

P



LIST OF FIGURES

Figure

Figure

Figure

Fiqure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1.1

3.1

3.2.1

3.2.2

3.3.1

3.3.2

3.3.3

3.4

3.5

3.6

3.7

3.8.1

3.8.2

3.9

Page

Map of Northwest Territories showing
the general location of the Blackwater
Lake/Great Bear E.A. Nos. 161 and 162....la

Map of the physiographic provinces of the
Blackwater Lake/Great Bear areas. Major
structural features of the areas are

also Shown.................o..u.u.......lll

Locality map of the 1985/86 geophysical
program in the Blackwater Lake and

Southern Great Bear area showing major
structure and faultS..cccecoccsesescecessl2a

Locality map of the 1985/86 geophysical
program in the Northern Great Bear area
showing major faultS..ececcccccscscsseseel2b

Seismic base map (96B)cceccccccsscsccecscMap

Box
Seismic base map (96F)ccceccscsccsccccesoMap
Box
Seismic base map (96G)ecceccsccccssscceccsMap
Box
Synthetic package for the well Map

Buttes et al Blackwater Lake I-54A,.......Box

Synthetic package for the well Map
Shell Blackwater Lake G=52.ccecseesee00¢eBOX

Synthetic package for the well Map
BP Losh Lake G=22¢c00ss000000sscssoscsseesBOX

Synthetic package for the well Map
Arco et al Lost Hill Lake F=62..cc0000¢¢¢BOX

Example of interpeted seismic section
(line 8438) showing horizons correlated..l7a

Example of interpreted seismic section
(line 8520) showing horizons correlated..l8a

Geological/Geophysical model for the
Blackwater/Great Bear are@...c.csecceesseslOa




LIST OF FIGURES

Fiqure

Pigure

Figure

Pigure

Figure

Figure

Pigure

Figure

Figure

Figure

Figure

Fiqure

Figure

Figure

Figure

3.11b

3.12

3.13a
3.13p

3.15a

3.15b

3.16

3.17a

3.17b

3.18

3.19

3.20a
3.20b

3.21

3,22

Page

Top of Proterozoic - Time Structure Map
Map (96B).ccccccscscrossscscncsssssceneeseBOX
Top of Proterozoic - Time Structure Map
Map (96F)cecceccccocssccsnconssscsseessseBOX
Top of Proterozoic - Time Structure Map
Map (96G)eccccessssescsscsoccessosssseceeesBOX
Top of Mount Cap - Time Structure Map
Map (96B)ccccccecssssaoscsccosssssssnssceseBOX
Top of Mount Cap - Time Structure Map
Map (96G)ecececessosssscsnsossssnsssssssseBOX
Top of Mount Cap - Time Structure Map

Map (96F )cecceccscsoccsccscsscccssscsssssesBOX

Top of PreCretaceous Unconformity Map
Time Structure Map (96B).cccsccessscessesBOX

Top of PreCretaceous Unconformity Map
Time Structure Map (96F)cccccccsccscessssBOX

Top of PreCretaceous Unconformity Map
Time Structure Map (96G)cccceccesssocesesBOX

Cambrian Clastic Isochron map (96B).....Map
Box

Cambrian Clastic Isochron map (96G) Map
Camhrian Clastic Isochron map (96F)......Box

True Dip and Relative Dip angles of the Map
Upper Proterozoic beds (96B).cceccscsesssBOX

True Dip and Relative Dip angles of the Map
Upper Proterozoic beds (96G).cesssssseceseBOX

Restored sections for line 8002...cc¢¢0s.¢Map
Box
Restored sections for line 8444..........Map
Box

Restored sections for line 8418....¢¢4...Map
Box

Restored sections for line 8410.cc00s00+0sMap
Box




LIST OF PIGURES

Pigure

Pigure

Pigure

Figure
Figure

Figure

3.23

3.24

3.25

3.26
3.27

Page
Restored sections for line 8503.cc¢sccs0.cMap
Box
Bouger Gravity Contour Map Map

(Blackwater and Southern Great Bear).....Box

Bouger Gravity Contour Map Map
(North.rn Great B..r)'.olonooono'-ocn-tooaox

Gravity modelling along line 8406........26a
Gravity modelling along line 60X..ccoce.o27a

Line 8430 showing possible Cretaceous
Chann.ll......-.......-.......-..........33.




LIST OF TABLES

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

2.1

2.2

2.3

2.4

2.5

2.6

3.1

3.2

3.3

3.4

4.1

5.1

Page

Description of instruments utilized on
the 1985/86 Blackwater and Great Bear
geophysical SUIVeY..ecseeessssccssccsocsecs 2

Description of instruments utilized on
the 1985/86 Blackwater and Great Bear
geophysical Surveyeeeeoceccscocscccccccone 2

Recording parameters for the 1985/86
Blackwater Lake and Great Bear seismic
BULVEYS.ccoosssssosssossssssscssssccsscnce 3

Chronology of major events for the
1985/86 Blackwater and Great Bear seismic

BUTV@Yeooeossosssssocssssensssssssccoossse 6

organization chart for the 1985/86
Blackwater and Great Bear geophysical
BULVEYSB.:cesecssccosccssscosssssssossscssssce 6

Numerical summary of production for the
1985/86 Blackwater and Great Bear
geophysical SurveyS..cesecccccsscccscscece 8

Stratigraphic units of the Great Bear

Plain.......................u..-........13l

Wells within the study area and the
formations which they penetrat@cccececess.14

Approximate velocities of formations in
the Great Bear ar@a@..ccecescsscsssccsscss20

Approximate velocities of formations in
the Blackwater Lake aread...ceoeeoececosecscs2l

Structural Anomalies in Blackwater Lake

E.A....I....I.l"............l.l.'.......29

Structural Anomalies in Great iear E.A...35




| Al

SECTION ONE

INTRODUCTION

A dynamite seismic reflection survey was conducted by Seiscom
Delta United on behalf of Petro-Canada Inc. in the Great Bear
and Blackwater Lake areas of the Northwest Territories during
the 1985/86 winter season. This report summarizes the work
done during this period and the results obtained. The sub-
mission of the report is in partial fulfillment of COGLA re-
quirements for the Blackwater Lake E.A. No. 161, Program No.
9229-P28-15€ and the Great Bear E.A., No. 162 Program No.
9229-P28-14E. The location of the survey area is given in
Figure 1.1,

The purpose of the survey was primarily to delineate anoma-
lies mapped from the 1984/85 seismic program.

This report comprises a statistical summary of the data ac-
quisition, a discussion on the processing and an interpreta-
tion of the data. All maps produced during the work period
of April, 1986 to September, 1986 are included in the report.
Other data required to fulfill the exploration agreement were
sent separately. These items include one mylar copy and two
paper copies of each seismic section and the seismic base
maps of the areas.
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SECTION TWO

DATA ACQUISITION AND REDUCTION

2.1 Instrumentation

A set of 120 channel DFS-V's was used to collect the seismic
data. Further details regarding instrumentation can be found
in Tables 2.1 and 2.2.

SEISMIC RECORDING

Texas Instruments . . . DFS V
Texas Instruments . . . DFS V
S.I.E. e o o o o o ERC-IOC
Input-Output Encoder/Decoder
S, D, V460 m

Mark Products 14HZ

Amplifiers . . . . . .
Tape Systems . . . o o
Camera . « ¢« o o o o o
Remote Firing System .
Cables .+ « ¢« ¢ ¢ ¢ o o
Geophone Strings . . .

TABLE 2.1 DESCRIPTION OF INSTRUMENTS UTILISED ON THE
1985/86 BLACKWATER AND GREAT BEAR
GEOPHYSICAL SURVEY,

SURVEYING
Wilde T-16 Theodolite . . . 2
D14L Distomat « « o o o o o 1 |

1985/86 BLACKWATER AND GREAT BEAR

TABLE 2,2 DESCRIPTION OF INSTRUMENTS UTILISED ON THE {
GEOPHYSICAL SURVEY |

2.2 Seismic Data Acquisition

The data in the Blackwater Lake and Great Bear area was ac-
quired by Seiscom Delta United in one operation.
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2.2.1 Seismic Parameters

The interval between geophone groups was 20 metres. The
source-detector geometry was' ' a 1200-20-0-20-1200 balanced
spread with shot points located at the group flags. A 20
metre gap was used on either side of the shot point. Other
parameters are given in Table 2.3.

The uphole geophone was placed 3 metres from thi shot hole.
Trace 1 was always to the northeast or southeast on each
line. All shots were detonated by radio signals from a
master unit in the recording truck. The start and finish of
each time was started with 120 traces alive and leaving cen-
ter gap in between group number 60 and 61.

Sample Rate. « « + + + o « o o« « 2 milliseconds

Record Lengthe « « + ¢« « s « o « 4 seconds

Recording Filter . . « « « « « o low cut 18 Hz
high cut 128 Hz

Subsurface Coverage. . « » « .« o 10008/1200%

Seismometers per Group « « o o ¢« 9

NO. Of GroupS. « o« « ¢ o o o o o 120

Group Interval . « « ¢« o« o« o o o 20 metres

Geophone Array (Great Bear) . . 9 over 20 metres
(2.5 m)

shot Point Location Interval . . 120 metres/
100 metres/40

: . : . : : 14 metres/10 metres
e o o o o o o 2kilograms

Holes per location
Hole Depth « . .«
Dynamite Charge .

TABLE 2.3 RBCORI;IIOG PARAMETERS FOR THE 1985/86
GREAT BEAR AND BLACKWATER LAKE SEISMIC SURVEYS

2.2.2 Surveying

Shot point and geophone group distances were measured with a
steel chain. Pin flags marked the geophone and shot point
locations. Chainage notes were kept for each line and for-
warded to Petro-Canada with the record shipments.




New cut lines were started using topographic features and sun
shots as a guide. When a helicopter was available it was
used for giving a "line of sight" to set off the bulldozers.
Station elevations were computed by stadia and horizontal lo-
cations by latitudes and departures. The lines were plotted
on Petro-Canada base maps and the original survey notes, lo-
cation sheets, closure sheets, and base maps were forwarded
to Petro-Canada by Seiscom Delta United.

The final horizontal positions were given in the U.T.M. co-
ordinate system. All survey work was performed in the metric
system.

2.2.3 Shot Hole Drilling - Blackwater Lake

There were eight drilling rigs on the crew, six TF-110 Mayhew
Air Drills (two with air/water), one TF-110 Mayhew Air Drill
with downhole hammer and one TF-110 Top Drive air/water with
down-hole hammer.

Except for line 8436, most shots were single holes with a
depth of 14 metres and shot point intervals of 120 metres.
Production holes were preloaded with two kilograms of Geogel
60 and tamped with the cuttings. Line 8436 has three hole
patterns with holes 2 metres apart and centered at the shot
point. The charge size was 1.5 kilograms per hole.

No holes were drilled on lakes or near water-courses. The
drilling condition varied from sticky clay to gravel, rock
and boulders.
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2.2.4 Shot Hole Drilling Great Bear

The same drilling equipment that was used in Blackwater Lake
was used for the Great Bear Seismic Survey.

Except for Line 8452, most shots were single holes with a
depth of 14 metres and charged with 2 kilograms of Geogel.
Shot point interval of 100 metres were used on most of these
lines except for lines 8405 and 8446 where shot point inter-
val of 120 metres were used. For line 8452, a three hole
pattern was uu'd. The holes were 3 metres deep and 2 metres
apart with the centre at the shot point. Bach hole was
charged with 1.5 kilograms of Geogel.

The drilling conditions started out poor, gravel and bould-
ers, but improved to clay and rocks.

2.2.5 Line c“tti"g

Seven bulldozers were assigned to the operation. The lines
were cut to a width of 8 metres except for a 3 kilometre sec-
tion of hand cut line criss crossing a small creek as per
land use regulations.

2.3 Field Operations

Since the survey in Great Bear was a continuation of the sur-
vey in Blackwater Lake, the two operations will be considered
and reported as one. The mobilization date of the crew was
December 31, 1985. On January 9 the bulldosers started plow~
ing in Blackwater. Recording began January 12. All aspects
of the project operations were completed by March 29, 1986.
A summary of the pertinent dates is given in Table 2.4




Mobilization date

Drill CampecscesecsseesDecember 31, 1985

Recording CampececeecsssocJanuary 2, 1986
Start Cuttingecccccsccssscccssssossccsccseescdanuary 9, 1986
Start Rlcording..........-..--..............Jlnuiry 12, 1986
Finish Cuttinq...........--o..................lech 20, 1986
COmpl.tion of Drilling........................H.rch 21‘ 1’.6
Completion of RecOrdingeccescccecesssssseessesoMarch 25, 1986
Demobilization Dat@cecececscccessvcccscasccsssMarch 29, 1986
Total R‘cofding DIYI.........-............................70
Tot.l H°v1ng D.y'...............'.......‘................'17
Total Weather Dlyl.........................................2
Tot.l m'n D.ys.....'..........................‘....'......o

TABLE 2.4 CHRONOLOGY OF MAJOR EVENTS POR THE 1985/86

BLACKWATER LAKE AND GREAT BEAR SEISMIC SURVEY

PETRO-CANADA FIELD SUPERVISOR

SEISCOM DELTA UNITED FIELD SUPERVISOR
—_———

PARTY MANAGER

Recording

ObS@rVer.ssccsocssssccsel
Jr. ObServer..ccescsccccsl
ShOOt@receecssssoccsssssl
Shooter's Helper..ceesssel
Cable Truck Drivers.....4
Recording Helpers...cs..8

Surveying

SUrVeYOrS.sescecosscnesel
Survey Computorescccccesl

Bulldozing

Operators..cccceccocccsed
cook..I.'l.Cll........Qll
c.t N.h.l..l..tl.'....ll
Fuel Camp Operators.....l

—

Drilling

Dr‘ll.r....00.......'0.'.
n.lp.r.“‘..........'l..a
Water Truck Drivers.....2
Drill N.h'.....'....l..l

Catering

COOKSBeeseeoovoccsocsssosed
Assistant CoOKS:eecoceesd
AttendantB.cceccccccccesd

Support Staff

Party ".n.g.r.oouuoaooooz
ClerKececessssccsscsssnsl
MechanicCseccecccccocsceed
Mechanics H.lp.roooooo-ul
Bxpoditotl.....-...-....2
MONitOrecececccccocssessl
Survey H.lp.r'oooonoooooz

TABLE 2.5 ORGANIZATION CHART POR THE 1985/86
BLACKWATER AND GREAT BEAR

_GEOPHYSICAL SURVEY _




The seismic crew was composed of four separate and self-con-
tained camp operations. The cat and survey camp led the op-
eration, surveying, cutting and cleaning the lines. The sur-
veyors then laid out the npriad configuration on the lines
for the drills and recorders. The drill camp was the next
group to travel the lines, they drilled and loaded the shot
points marked by the surveyors with flags and tags. Next
came the recording camp and crew to detonate and record the
seismic waves. As each of these three camps were constantly
on the move, a fourth camp, the base camp, was included in
the operation. This camp, which was located near a large
lake on which an airstrip was plowed, supplied the other
camps with fuel, food, personnel and parts through supply
vehicles. Ideally this camp was to be centrally located so
that other camps would pass it periodically for fuel; thus
the length of stay and the position of the base camp was de-
pendent on the progress of the other camps and limited to the
availability of suitable lakes for airstrips.

Table 2.5 shows the organization chart for the project. Of
the 66 positions in the chart, 42 were filled by residents
from the Northwest Territories (i.e. 65%) and 24 by Canadians
from the south.

2.3.1 Producton Statistics

Table 2.6 provides a summary of the seismic data acquired as
well as data pertinent to shot hole drilling.




SEISMIC RECORDING

Production profiles shot (APProX.)eeseccescsssseess5,293
Total number of lines in Blackwater...cccecceccccccssld
Great B..rnooo--coooooo-o.oolz
Kilometers Shot in Blackwater Lake...cccccccscscccse294
GreatBeAr.cccocccsosssccscsccesee2b2

Average Number of Recorded Shots per
production day.ecececececccssscccsslb
Average Kilometres per production daYeceocescsoscesledS

DRILLING

Number of holes drilledeccececscssccssccscsscccses6,355
Total metres Arilled.ceecccccccsssccssssscccccssse64,803
Average hole depth (MEtErS)eccccccsscssssscsscscsocselld
Total powder consumed (ki10grams) cesecescocssecssl0,460
Average charge per hole (kilograms)eeeoseccscccscecsse

TABLE 2.6 NUMERICAL SUMNARY OF PRODUCTION FOR THE
1985/86 BLACKWATER AND GREAT BEAR SURVEY

2.3.2 Terrain and Weather Conditions

Terrain in the Blackwater area varied from muskeg flats to
rolling hills, with many small lakes which had to be detoured
because of thin ice due to deep snow and mild temperatures.
Arctic Ice Builders were contracted to flood the ice to a de-
sired thickness capable of supporting the camps. Numerous
breakdowns were encountered on the camps while moving over
the summit of the McConnel Range: trailers were winched over
the hills which resulted in a broken hitch pin, the Borek
survival shack was damaged and there were problems with the
sleighs. Because of mild temperature and deep snow there
were problems with cats breaking through and getting stuck.

In the Great Bear area, the terrain varied fror gentle roll-
ing hills with many small lakes to short steep hills requir-
ing a tow cat for some of the equipment.




-9 -

2.4 Seismic Processing

The seismic data in both areas were processed by Geophysical
Services Incorporated. The processing procedures were as
follows.

1. Demultiplex
2. Trace Editing
3. Statics Computations
4. True Amplitude Recovery - 7db/sec from 0 to 3.0 sec
5. First Break Noise Suppression
6. Spiking Deconvolution -
a) operator length: 80 msec
b) prewhitening:
c) design window: 200-1800 msec near trace
900-1950 msec far trace
7. Equalization
8. Velocity Analysis: surface referenced
(type: VELSCAN)
9. Residual Statics Analysis - Surface Consistent
Automatic Statics (HSTATC)
10. Velocity Analysis: VELSCAN, relative and residual
statics applied
11, Mean Datum Statics Applications
12, Trim Statics
13. Stack muting - Offsets (m) 20, 260, 500, 1200
- Time (msec) =50, 0, 400, 1000
14, CDP Stack: 12/10/30 fold
15. Migration
16, Time Invariant Filter: 13/23 - 50/60 Hz
17. Time Variant Scaling - (10 x 100) 200, 200, 300, 500
msec gates, start time 0 msec.
18. Display to Film: Scale sent to COGLA (normal
polarity)

- verticals 3.75 inches/sec in Blackwater and
southern Great Bear and 7.5
inches/sec. in northern Great Bear

- horizontal: 36 traces/inch

Corrections were made for elevation and shot depth. A sur-
face consistent automatic residual statics routine was run on
the data. The datum chosen was 305 metres above sea level
and the replacement velocity used was 2450 metres per

second.
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Moveout velocities were picked from semblance plots. The 4
velocity functions were checked using common offset stacks.
A mute pattern was then chosen for the CDP stack.

A time variant scaling was applied to the data after stacking
as well. The filter used was 13-60 Hertz and a roll-off of
120 decibels/octave at each end. All the data were migrat-
ed.
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SECTION THREE

INTERPRETATION AND PRESENTATION OF RESULTS

3.1 Regional Physiography and Geology

The survey area is located within the Northern Interior
Plain of the Northwest Territories and lies to the southwest
and west of Great Bear Lake. The town of Norman Wells is
west of the area on the Mackenzie River. The location of the
project area is shown in Figure 1.1.

The survey area is bounded by the following co-ordinates:
122°15' - 124° 45' west and 64° 00' - 66° 10' north. The
project area is within the physiographic sub-province of
Great Bear Plain as shown in Figure 3.1.

The project area is composed of two topographically different
zones. The western zone is located in the Franklin Mountains
where elevations vary from 240 to 900 metres above sea level.
The easternzone is relatively low in relief with elevations
that range from 230 to 260 metres above sea level. The lat-
ter contains many lakes and rivers.

A major structural feature in the Blackwater Lake area is the
Cap Thrust which brings lower Paleozoic and Proterosoic rocks
to the surface. The Cap Thrust, which is situated at the
eastern edge of the Franklin Mountains, passes through the
southwest corner of the Blackwater Lake area and strikes
northwesterly and is found west of the Great Bear project
area. The surface location of the fault is shown in Figure

3. 2.1.
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East of the Cap Thrust is the Wqolverine Arch which has no
surface expression. Subsurface information from the
Wolverine Creek D-61 and Mahoney Lake I-74 wells shows that
the rocks of the Cambrian Saline River Formation lie directly
on top of the Proterozoic rocks and the Lower Cambrian Clas-
tics of the Mount Cap and Mount Clark Formations are missing
on this ancient structural high. The approximate location of
the arch is given in Figure 3.2.1 (see also Section 4).

Another feature in the Blackwater Lake area is the fault zone
A in Figure 3.2.1. Although not seen on the surface, it man-
ifests itself as two thrust faults in the Blackwater Lake
G-52 well. One of the thrusts gives a repeated high gamma
ray sequence in the Mount Cap Formation while the other gives
a repeated Mount Kindle sequence. The thrusting reverses its
direction several times along the fault zone as it strikes
northeastwards into the southern part of the Great Bear area.
At several places along the fault zone, thrusting even turns
into normal faulting with the downthrown side to the west and
northwest.

Sub-parallel to fault zone A is fault D which is a normal
fault and is downthrown to the east and southeast. Between
these two fault zones is a graben which is further divided by
the fault zones B and C.

In the Great Bear area, Aitken and Pugh (1984) reported two
northeast trending structures: the Leith Ridge fault and the
Fort Norman structure (see Fig. 3.1). The Leith Ridge fault
is a northwest-side-down fault that runs on the northwest
flank of the Leith Ridge, a high, linear ridge of Aphebian
crystalline rocks that crosses the base of the Leith Peninsu-
la on Great Bear Lake. The Leith Ridge fault probably cross-
es the southeast part of the Great Bear and Blackwater Lake
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area and fault zone A may be a southern extension of this
fault.

The Fort Norman structure is a Proterozoic structure that is
not seen on the surface. Northwest of the structure, in
Mahoney Lake I-74, the Lower Cambrian sandstones rest uncon-
formably upon various formations of the '‘Mackenzie Mountains
Supergroup' (Aitken et.al. 1982). Southeast of the struc-
ture, the unconformity is even more profound: the Lower Cam-
brian sandstones are underlain by the Hornby Bay-Dismal Lakes
Group (Kerans et.al. 1981). The ‘'Mackenzie Mountain Super-
group', which overlay the Dismal Lakes-Hornby Bay Groups in
the Coppermine Homocline northeast of Great Bear Lake and the
Cap Mountain in the south, is missing. This means that the
region was a late Precambrian high relative to the north-

west.

Several other faults are found in the Great Bear area. They
are shown as faults E, F, G and H in Pigure 3.2.2, Pault P
and G are normal faults while faults E and H have thrust com-
ponents. A more detailed discussion on these structures can
be found in Sections 3,4 and 5.

3.1.1 Overview of Stratigraphy and Well Geology

The stratigraphic column of the area includes Proterozoic,
Cambrian, Ordovician, Silurian, Devonian, Cretaceous and
Quaternary units. The stratigraphic units are shown in Table
3.1, and the wells are listed in Table 3.2.




!

System of Serles Map=unit Lithology
QUARTERNARY Q (undivided) Unlithitied gravel, sand, siit, clay, til|
Uncontformi ty
LOWER AND UPPER K (undivided) Partly bentonitic, black snd gray, pspery shale,
CRETACEOUS block: stone, si|ts lignite, mi
Uncon ity
LOWER AND (1) BEAR ROCK FORMAT ION Brecciated gray-brown dolomite: anhydrite,
MIDOLE DEVONIAN r oon _shale and siits t
R
UPPER ORDOVICIAN | O | MOUNT KINDLE FM, Medium to derk brownish grey dolomite, siliciftied
S (7) LOWER SILURIAN| N fossiis, chert
N Unconformi ty
| |F
LOWER ORDOVICIAN N |R
(1), UPPER AND (1) G |A Rhythmic unit | Alternating beds of brownish gray and grayish
MIDOLE CAMBRIAN | N M arange dolomites indistinct colltic textures
6 |kT
MIDOLE AND (1) P |L .| *Cyciic unit' | Dolomite: repetitions ot laminated, colitic,
UPPER CAMBRIAN « | conglomeratic, strometolitic beds, green and
N meroon shale
(7) LOWER, MIDDLE SALINE RIVER FM, red and green shale, butt dolomite, pink
AND UPPER (1)
CAMBRI AN MOUNT CAP FM, red, green, gray shale end siitstone, glauconitic
sandst own _dolomite
(7) LOWER ANO MOUNT CLARK PM, Gray, white, pink, trisble sandstone, minor pebble
MIDOLE CAMBRIAN S
Unconformi ty
MM
(7) HADRYNIAN OR AT Kather ine Gray orthoquartzite s of lomitic d!
HEOMEL IKIAN OR Cc.
PALEOHEL IKIAN K Tsezotene black, silliceous argiiiite, minor chert and
ESG orthoquartzite
NUP
P, W1 micro crystaline to aphenitic dolomite, veri-
| € colored, Pale chert, Interbedded siitstone, shale
€ R and_dolomite
Intrusive Contact
PALEOHEL IKIAN Dismal Lake [ Brown stromstolitic dolomite, chert 1
Mornby Bey Group | White, butt, pink, meroon guertzite
Unconformtly
APHEB | AN Granlte lPlnu anular hyritic granite
Intrus!ve Contact
Feldspar hyr les Pink, brown, black decite snd t LA
Intrusive Contact
SNARE, ECHO BAY AND Partly to Intensely metamorphosed conglomerate,
CAMERON BAY GROUPS sandstone, arglliite, andes!te

3.1 STRATIGRAPHIC UNITS OF THE GREAT BEAR PLAINS (MODIFIED FROM ILL

1971 AND
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811-  Sallne Mt. HMt.

Well Name Devon. Ordov. River Cap Clark Prot.

Blackwater I-54A Y Y Y - - -

Blackwater G-52 Y Y Y Y Y Y

Great Bear Rv. Y - - - - -
N-30

Grey Goose N-70 Y - - - - -

Keller Lake 0-13 Y Y - - - -

Keller Lake P-14 Y - - - - -

Losh Lake G-22 - Y Y Y Y Y

Lost Hill Lake Y Y Y Y - -
P=-62

Mahoney Lake Y Y Y - - Y
1-74

Russel M-07 Y - - - - -

St. Charles Ck. Y Y - - - -
H-61

White M-04 Y - - - - -

Whitefish Rv. Y Y Y - - Y
H-34

whitefish Rv. Y Y Y Y Y -
K=76

Wolverine Ck. Y Y Y - - Y
D-61

TABLE 3.2 WELLS WITBIN THE STUDY AREA AND THE FORMATIONS
WHICH THEY PENETRATE (INDICATED BY Y)

There are only 5 wells in the area that penetrate the Proter-
ozoic. They are the Blackwater G-52, Loch Lake G-22,
Mahoney Lake I-74, Whitefish River H-34 and the Wolverine
Creek D-61 wells. In Blackwater G-52, the Proterozoic con-
sists of shales, siltstones and dolomites. Further to the
north in Loch Lake G-22 and Wolverine Creek D-61, it is pre-
dominantly shales of the Horny Bay-Dismal Lake Group. Howev-
er, across the Fort Norman Structure, in Mahoney Lake I-74
and Whitefish River H-34, the Proterozoic contains dolomites
of the 'Mackenzie Mountain Supergroup' Unit H1 (Aitken and
Pugh, 1984).

The overlying Cambrian units are composed of ciastics, eva-
porites and carbonates. The Lower Cambrian Mount Clark (Ol1d
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Port Island) Formation, which consists of a light grey, medi-
um to fine grained quartzitic sandstone, is the primary ex-
ploration target. At Loch Lake G-22 it is 60 metres thick
and has a porosity of 6% (unfortunately it is wet). At
Blackwater G-52, the sand is only 45 metres thick, and since
the grains have sutured contacts, the porosity is close to
zero. The existence of such sutured grains in the G-52 well
is probably due to the lower thrust, which lies only 30
metres above the Mount Clark. In the Blackwater E-11 well,
which lies outside and to the south of the area, the Mount
Clark is only 20 metres thick and the porosity is about S8.
To the west, the Mount Clark thins more rapidly. In White-
fish River H-34 it is only 30 metres thick, at K-76, it de-
creases to 15 metres, and over the Wolverine Arch at
Wolverine Creek D-61 and Mahoney Lake I-47 the Mount Clark no
longer exists.

The Mount Clark Pormation is overlain by the Mount Cap
shales, siltstones and dolomites. In Loch Lake G-22 and Lost
Hill Lake P-62 in northern Great Bear, the Mount Cap consists
of 25 metres of low velocity shale overlying 10 metres of
dolomite and 40 metres of high gamma ray shale. In the
Blackwater G-52 well the low velocity shale is missing and
the Mount Cap is only 45 metres thick. The Mount Cap shale
also thins to the west, disappearing over the Wolverine Arch
in the Wolverine Creek D-61 and Mahoney I-74 wells.

Above the Mount Cap lies the siltstones, dolomites and gypsum
of the Saline River Formation. In northern Great Bear, there
is 145 metres of halite sandwiched between the siltstones,
dolomites and gypsum, and within the salt, there is a shale
marker of 15 metres thick. The thick salt layer provides an
excellent seal for the Cambrian sandstones. In Blackwater
G-52, the salt is completely missing and the Saline River
Formation is only 35 metres thick.
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The Cambro-Ordovician carbonates of the FPranklin Mountain
Formation overlies these Cambrian formations and the Upper
Ordovician-Lower Silurian carbonates of the Mount Kindle Por-
mation rest unconformably on top. The color of the carbon-
ates are light brown in both formations. WVuggy porosities do
exist in these dolomites, but they are all wet. In Lost Hill
Lake F-62, some dead oil staining (pyrobitumen) is found in
the Mount Kindle Formation. In the south, a shale marker
usually occurs.on the boundary between the two formations,
providing a good seismic reflection. However, this is not
true for the north.

The Devonian section, which consists of carbonates and anhy-
drites of the Bear Rock Formation, lies unconformably on the
Mount Kindle Formation. The anhydrites provide an excellent
seal for the vuggy limestone units within the Bear Rock,
which unfortunately are wet. In Blackwater I-S54A, the Bear
Rock is about 400 metres thick but it thins towards the
north. 1In the Lost Hill Lake F-62 well the Bear Rock is made
up of 40 metres of shale, siltstone and dolomite. In Losh
Lake G-22, the Bear Rock is completely gone.

Upper Cretaceous shales, siltstones and basal sandstones lie
unconformably on the Devonian section. At Losh Lake G-22 and
Lost Hill Lake F-62 the basal Cretaceous sandstone is approx-
imately 50 metres thick and is overlain by thick units of
shale. The Quaternary rocks, composed of gravel, sand, clay
and glacial till, 1lie unconformably on the Cretaceous.
Thickness of the Quaternary section ranges from zero to over
200 metres.

The Mount Clark sandstone is the primary target in this area.
The vuggy limestones and dolomites of the Bear Rock, Mount
Kindle and Pranklin Mountain, the basal sandstones of the
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Cretaceous, and the Proterozoic are all potential secondary
targets.

3.2 Correlations Between Well Data and Seisaic Data
3.2.1 Blackvater Lake

The map in Pigure 3.2.1 gives the location of the seismic
lines and wells in the Blackwater/Southern Great Bear area.
The seismic base maps are shown in Pigures 3.3.

Correlations from geology to geophysics were based on the
Buttes et al Blackwater Lake I-54A and Shell Blackwater Lake
G-52 wells. The I-54A well is located just north of shot
point 187 on Line 8438, The G-52 well is located about 0.5
kilometres south of shot point 145 on Line 8418, which was
shot in last year's program. Synthetic seismograms were used
to tie the well to the seismic data (Figures 3.4, 3.5). The
I-54A well penetrates down to the Saline River Formation only
and thus provides no correlation for the Mount Cap, the Mount
Clark and the Proterozoic. The G-52 well provides no further
information because of its position in the fault szone A.
Other wells provide little help because of their shallow
depth or because they are not close to any of our seismic
lines.

The seismic events that were correlated in the project area
are: the top of the Devonian carbonates (Pre-Cretaceous un-
conformity), the top of the Mount Kindle, the Franklin Moun-
tain, the Saline River Formation, the Mount Cap and the top
of the Proterozoic. An example of the interpreted events is
given in Figure 3.8.1 for Line 8438.

The quality of the 1985/86 seismic data are generally good,
however, there are some problems with surveying and statics,
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and as a result, seismic sections have to be shifted by vari-
ous amounts to make them tie at intersections. Portunately
most of the shifts are less than 25 msec.

Because the Cambrian and Proterozoic markers ari both clas-
tics, the reflectivity coefficient of this interface is not
sufficient to produce a good seismic reflection. However,
the Proterozoic/Cambrian contact can be interpreted in most
cases because the interface is usually an angular unconformi-
ty. An example of this is around shot point 215 of Line 8438
(Pig. 3.8.1). 'Very poor reflections from the Proterosoic do
occur, especially in the southwest, where the Cambrian clas-
tics begin to thin (eg. Line 8424). However, »n the western
part of the project area, where it has been interpreted that
no Cambrian sediments occur, the Proterozoic event is usually
strong. This is because carbonates of the Pranklin Mountain
Pormation overlie the Proterozoic clastics and this results
in a strong reflection coefficient (see for example Lines S6X
and 58X of last year's program). The Proterozoic is corre-
lated and mapped, the result is shown in Figure 3.10.

The top of the Mount Clark sandstone cannot be correlated be~
cause its impedence contrast with the Mount Cap shale is
small and it is rather thin.

The mapped Mount Cap shale marker is a strong event in the
area (Figure 3.12). An isochron map between the Mount Cap
and the Proterozoic is produced in Pigure 3.16. This map not
only tells us how the sandstone reservoir varies in thickness
laterally but the topography of the Proterzoic at Cambrian
time can be inferred from it.

The Saline River Formation is relatively thin in the area and
is composed of rocks which have only a small contrast in im-
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pedence with the overlying Pranklin Mountain Pormation. The
seismic event is, therefore, not always mappable.

The shale marker between thi Pranklin Mt. and the Mount
Kindle allow the unconformity to be mapped. llbwovor above
the dolomites of the Mount Kindle Formation, the Bear Rock
varies between anyhydrites and dolomite and the unconformity
is not always mappable.

The strongest, most continuous event in the area is the top
of the Devonian carbonates because of the strong reflection
coefficient between the low velocity Cretaceous clastics and
the high velocity carbonates.

3.2.2 Great Bear

The map in Figure 3.2.2 gives the location of the seismic
lines and wells in the Great Bear E.A. The seismic base maps
of the area are shown in Figure 3.3.1 and 3.3.2. The scales
of these maps are 1:100,000.

Correlations from geology to geophysics were based on the BP
et al Losh Lake G-22 and Arco et al Lost Hill Lake P-62
wells via synthetic seismograms. The seismic events that
were correlated in the project area are: the top of the
Pre-Cretaceous Unconformity, the salt member in the Saline
River Formation, the Mount Cap and the top of the Proteroszo-
ic. An example of an interpreted seismic line is given in
Pigure 3.8.2.

The quality of the 1985/86 seismic data is good, however, in
order to tie with last year's data, the datum have to be
shifted by as much as 40 msec in the northwest. The
Pre-Cretaceous and the Mount Cap seismic events are easy to
interpret because of their strong amplitude and continuity.
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However the seismic event at the Proterozoic Unconformity and
at the top of the salt are more difficult to interpret because
of the weak character of the reflectors. Portunately for the
Proterozoic, there are angular unconformities at various
places, and at these places Fho Proterozoic can be interpret-
ed.

Although the seismic coverage is not continuous from Northern
Great Bear to Southern Great Bear, the seismic events can be
jump correlated without much problem.

3.2.3 Velocity Information

Velocity information was obtained from three sources, sonic
logs, seismic stacking velocity analyses and first break dia-
grams. Tables 3.3 and 3.4 give average velocities for cer-
tain formations and intervals in the areas. Included also in
Pigure 3.9, is a geological/geophysical model showing the
stratigraphic column along with respective interval velo-

cities.
Interval Velocity
Formations (m/sec)

w.t.rn.ry'....l...l..'........l.l....l.zloo
Ct.tlc.oul.....n-.............-........3100
Devonian carbonates..ccececccccsssscsess 5950
Silurian-Ordovician carbonates..........6400
Saline Riv.t...............-............4600
Mount Cap and Mount ClarK.e.cccesscscsss 4300
ProterozoiCecccecccccsccccsccccces .¢5200
Dev. carbonates - ProterozoiCeccccesecss«6300

TABLE 3.3 APPROXIMATE VELOCITIES OF PORMATIONS IN THE

GREAT BEAR AREA
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Interval Velocity
FPormations (m/sec)

m.t.rn.ry-oaoonooo-nou-oo-cnoonoouooooozloo
Cr.t.c.ou......'....'..............."..2’00
Devonian carbonates.cccccecceccccccseese6000
Mount Kindle and Franklin Mt...ccceeeee.6400
Saline River.cscscococcecsocesssscsceees5800
Mount Cap and Mount Clarkeeeceesccscesss5400
ProterozoiCecceccescssccccoscsccssccscsceee3500
Dev. carbonates - Protoroz0iCecccesceee«6300

TABLE 3.4 APPROXINATE VELOCITIES OF PORNATIONS IN THE
BLACKWATER LAKE AREA

3.3 Presentation of Seismic Results

Migrated, normal polarity seismic sections for the Blackwater
Lake and Great Bear areas were sent separately from this re-
port. One mylar copy and two paper copies of each saction as
well as for each base map were included. The scales of the
sections in Northern Great Bear area are 1316289 (horisontal)
and 7.5 inches/sec (vertical). The scales for the Blackwater
Lake and Southern Great Bear are 1:11,765 (horizontal) and
3.75 inches/sec (vertical). The Interpretive maps made in
the areas are at a scale of 1:100,000.

The following time structure maps were made for the Black-
water Lake and Great Bear areast

( 1) Top of Proterozoic (Pigures 3.10 and 3.11)

( i) Top of Mount Cap (Pigures 3.12 and 3.13)

(iii) Top of Devonian Carbonates for the Blackwater Lake
and Southern Great Bear area (Pigures 3.14)

( iv) Pre-Cretaceous unconformity for Northern Great Bear
(Pigure 3.15)
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Isochron maps of the Cambrian clastics (i.e. between the top
of the Mount Cap and the top of the Proterozoic) are also
made for the areas. (See Figures 3.16 and 3,17). Paults
that have existed before the Mount Cap was laid down are also
marked on these maps. '

3.3.1 Dip Angle Maps

In order to study paleo-structures in the Proterozoic, dip
angle maps for both areas are generated (Pigures 3.18 and
3.19). Marked ‘along the seismic lines on these maps are the
apparent dip angles of the Proterozoic beds which lie near
the top of the unconformity. These angles are apparent dips
because they are angles measured along the seismic lines.
The true dip and the direction of true dip can be calculated
wherever two seismic lines intersect. If A is the angle of
intersection between the two seismic lines, B is the angle of
apparent dip as seen in Line 1 and C is the apparent dip mea-
sured in Line 2, then according to Ragan (1985, p.l1-15), the
true dip angle D and the direction of true dip measured with
respect to Line 1 (angle E) are given by the following rela-
tionships:

tan E = tan C/(tan B * sin A) - cot A
and tan D = tan B/cos E

The arrows on the dip angle maps are the directions of true
dip, and the angles beside the words "dip=" are the true dip
angles.

From Pigure 3.18, it can be seen that the direction of true
dip is to the west on the western part of the Blackwater area
and to the east on the eastern part. The dividing line pro-
bably represents the Proterozoic Wolverine Arch. Prom the
apparent dips, two more ancient arches can be identified -~
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one of them strikes southwest and merges with the Wolverine
Arch; the other is located northeast of Blackwater Lake and
strikes to the northwest.

3.3.2 Restored Sections and Paults Innrpnnuén

Several restored sections, with reflectors restored to the
top of the Pre-Cretaceous unconformity, the top of the
FPranklin Mountain and to the top of the Saline River Forma-
tions, were produced (Figures 3.20, 3.21, 3.22, 3.23). These
restored sections show the history of the structure and
faulting. Por example, from line 8402 (Pigure 3.20a), the
evolution of Fault A can be reconstructed as follows. Dur-
ing Mount Cap time there were no faults to influence the de-
position of the sediments. However, from Ordovician to
Pre-Cretaceous times, the northwestern part was faulted down,
resulting in a thicker section across the fault. During the
Laramide Orogeny this fault was re-activated but the direc-
tion of throw was reversed. At the present it remains a
thrust fault. In Pigure 3.21, the restored sections along
line 8418 also show that Fault A has a similar history
there.

The above examples show the history of Fault A at its extreme
north and south ends. Between them, the development of fault
A is different and can be summarized as follows: During Pro-
terozoic to Cambrian times, a series of local, normal faults
were formed where Fault A now lies. These faults were down-
thrown to the northwest. In Southern Great Bear, these
faults remained active until the present. This is illustrat-
ed in Figure 3.22 where the section thickens across Fault A.
In the southern part of Blackwater, these normal faults were
active until around Silurian time. Elsewhere, the faults
were inactive until the Laramide Orogeny when all parts of
Fault A were rejuvenated and some parts became thrusts.
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Fault B was normal fault downthrown to the northwest during
the Proterozoic. It was rejuvenated during the Devonian and
was active into the tertiary.

FPault C, a normal fault, only moved from the Proterozoic to
Silurian time.

Fault D was active as a normal fault from the Proternzoic to
late Cambrian time. The middle part was rejuvenated during
the Laramide Orogeny. (Figure 3.22).

In Northern Great Bear, Fault E was downthrown to the south-
east from Ordovician to Devonian time. During the Laramide
Orogeny, it reversed its direction of throw and became a
thrust fault.

Fault F was initiated after Silurian time and remained active
into the Tertiary (Pigure 3.23).

Fault G was initiated in the Proterozoic as a small normal
fault. Figure 3.23 shows that it remained active into the
Tertiary, however other parts were rejuvinated during the
Laramide Orogeny and contain thrust components.

Pault H was downthrown to the southeast around Silurian to
Devonian time, but reversed its direction during the Laramide
Orogeny.

From the above discussion, we have seen that many of the map-
ped faults changed from normal faulting to thrust faulting
during the Laramide Orogeny, this indicates that the tectonic
forces changed from tensional to compressional.
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Figure 3.22 shows that a rollover was developed between Fault
A and Fault D around Ordovician time. Pigure 3.20b shows
that a small rollover at South Clement Creek was in place
during late Cambrian to Ordovician time. This rollover in-
creased in amplitude during the Laramide Orogeny. Similar
inferences can be made on the other structural anomalies in
the area and it turns out that most of them were already in
place before or around Ordovician time. This is important
because they could act as reservoirs for hydrocarbons that
migrated into the Mount Clark after Ordovician time.

3.4 Gravity Modelling and Interpretation

No gravity survey was conducted in the 1985/86 program. The
1984/85 gravity was re-interpreted in order to confirm the
structures inferred from the dip angle map.

The Bouger gravity (Fig. 3.24 and 3.25) correlates with the
topography and thickness of the Pre-Cretaceous to Pranklin
Mountain carbonates. Where the carbonates are deep (ie.
where the lower density Cretaceous section is thick), a gra-
vity low is observed and where the carbonates are closer to
the surface, a gravity high usually occurs. The thickness of
the carbonates also affects the gravity; where the carbonates
are thin, the gravity will be lower. These behaviors are ex-
pected because carbonates are denser than the clastics around
them. Exceptions to the above generalizations do exist. Por
example, in the western part of Blackwater Lake, around shot
point 580 of 1ine 60X, a gravity low is observed over a thick
and shallow carbonate (see Figure 3.27). In the Great Bear
area, the regional effect of the southwest dipping carbonate
is not seen in the gravity data.

Last year's interpretation used the upwards continuation
method. The Bouger gravity was upward continued to 2 kilo-
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metres above the observation, and the residual gravity is the
difference between this upward continued gravity and the
Bouger gravity. The residual gravity was found to correlate
with the carbonate topography and yield no information on the
Proterozoic. In order to see below the carbonates, the gra-
vity field has to be continued upwards to a higher elevation.
However this is limited by the short length of some lines in
the survey where end effects distort the survey data. MAn-
other limitation of the upward continuation method is that it
assumes a lopa;atlon of wavelength between the regional and
the local anomalies and it achieves this separation by acting
as a low pass filter. However, as we see, the carbonate top-
ography also contains long wave length variations and thus
this method cannot separate the long wave length gravity due
to the carbonates from that of the Proterozoic structure.
Thus upward continuation will not be used in this study.

One way to see below the carbonates is to model its effect
and then remove it from the Bouger gravity. Now the two way
reflection time to the top and bottom of the carbonates can
be measured, and by assuming the average interval velocity in
the Cretaceous section to be 2.2 km/sec and that in the car-
bonates to be 6.4 km/sec, the depth and thickness of the car-
bonates can be obtained. Since the difference in density is
about 0.4 gm/cc, the gravity anomaly produced by the carbon-
ates can be calculated. This is illustrated in Pigure 3.26.
The lower part of the figure shows the depth and the thick-
ness of the carbonates as deduced from the seismic data along
1ine 8406. The Bouger gravity observed above the correspond-
ing shot points are plotted as a solid line in the upper part
of the figure and is seen to correlate with the topography of
the carbonates. The contribution due to the carbonates is
calculated and plotted as a dashed 1ine. It can be seen that
the Bouger gravity can be explained to a large extent by the
presence of the carbonates. A small increase in density con-




LINE 60X BLACKWATER
10
| Observed Gravity s
Calculated Gravity =— —
|
>
(=4
S 8-
<
c
o
]
SHOT POINT # 690 614 538 462 386 350
° B T T L ettt oy O Y O S SN
] CARBONATE
800 | TOP of
e ap=0.4gm/cc
TR
o -4
’ RBONATE
1800 7 goTTom of Ch
2000
5487 10 of 11 Figure 3.27




-27 -

trast may even give a better fit. The residual gravity, ob-
tained by taking the difference between the curves, is small
except around shot points 420..

Another example is shown in Pigure 3.27 for line 60X. Again,
the lower figure shows the topograpty and the thickness of
the carbonates. The Bouger gravity (solid line) is seen not
to correlate with the carbonates around shot point 580. The
effect of the carbonates is plotted as a dash line. It can
be seen that the Bouger gravity high around shot point 400
can probably be explained by the carbonates but the gravity
low around shot point 580 must be due to some mass deficiency
lying below the carbonates. The maximum possible depth for
this mass deficiency can be estimated from the half width of
the residual anomaly and is found to be around 10 km. The
interesting point is that the location of this residual ano-
maly corresponds to the centre of the Wolverine arch as de-
duced from the Dip Angle map (Figure 3.18). The small diver-
gence seen in line 8406 also coincides with the location of
the arch.

The above exercise illustrates that if the residual gravity
is calculated for every line in the area and then contoured,
then structures in the Proterozoic may be revealed.
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SECTION POUR

DISCUSSION OF RESULTS IN BLACKWATER LAKE AREA

4.1 The Proterosoic
4.1.1 Present Morphology

In the project area, the relief of the Proterozoic unconform=-
ity is moderate and varies between highs and lows by 400
metres. Along Fault A, between the South Clement Creek ano-
maly and the Blackwater Lake anomaly, the relief is as high
as 1000 metres. West of these structures, the Proterozoic
dips gently to the west.

Some changes have been made in the interpretation of the area
since last year. More faults have been mapped and the loca-
tion and extent of other faults are better defined. The ma-
jor Proterozoic highs, that were mapped previously, have been
broken up and the areas of closure that is independent of
faulting are reduced. Other structural highs have also been
interpreted.

The depth and the area of closure of the major anomalies are
listed in Table 4.1. All of these anomalies are rollovers
found on the downthrown side of a fault.
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Area of
Name of Depth Closure
Prospect (metres) (hectares)
Clement Creek 1700 4500 (fault
South indep)
25500 (fault
dependent)
East Blackwater 1900 3200 (fault
Lake indep)
Central 2200 S800 (fault
Blackwater indep)

TABLE 4.1 STRUCTURAL IES IN BLACKWATER LAKE

4.1.2 Proterosoic Structures
A, The Wolverine Arch

As discussed in Sections 3.3.1 and 3.4, the location of the
Wolverine Arch can be inferred from the Dip Angle Map (Pigure
3.18) and this location is confirmed by the gravity data.
Section 3.4 also shows that the arch is associated with a
mass deficiency which may be as deep as 10 kilometres. Per-
haps this ancient structural high has a low density core or
has a low density root lying underneath.

The presence of the Wolverine Arch did affect the deposition
of sediments during Cambrian time. An inspection of the Cam-
brian clastics isochron map (Figure 3.16) shows that the Cam=
brian clastics thin westwards towards the Wolverine arch,
and, except for a few undulations, the 40 msec isochron runs
parallel to the Wolverine Arch (Beyond the 40 msec isochron
the Mount Clark sandstone becomes so thin that it cannot be
resolved by the seismic method). No Mount Clark sandstone
exist on the crest of the arch and west of the arch.



- 30 -

The present morphology of the Proterozoic Unconformity how-
ever do not remember the presence of the Wolverine Arch. The
only exception is in the south over Blackwater Lake where an
anomaly is on trend with and lies on top of this southern
portion of the Arch.

B. Other Arches

Other Proterozoic arches are also observed in the Dip Angle
map. One of .them strikes southwest and merges with the
Wolverine Arch. On top of this arch lies the Central Black-
water anomaly. A third arch is located beneath the East
Blackwater Lake anomaly and strikes in a northwest direction.
Cambrian sediments are thickest on the eastern side of these
anomalies and become very thin on top.

Ce. Paults and Topography at Cambrian Time

From the discussion of 3.3.2 it can be seen that the fault
complexes that we see on the present morphology map were
built up at different stages. At Proterozoic to early
Cambrian time, a number of local normal faults were present
and thick Cambrian clastics are usually found on the down-
thrown side of these faults (Fig. 3.16), indicating that
places with thick Cambrian sediments were probably topograph-
ic lows in early Cambrian time. Thus the isochron map can be
used to infer the topography of the Proterozoic Unconformity
during early Cambrian time.

4.2 Mount Clark Pormation

The isochron map shows that the Mount Clark Pormation thins
westwards and disappears completely before reaching the
Wolverine Arch. 1Its thickness is also determined by the top-
ography of the Proterozoic at early Cambrian time. Over an-
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cient arches it thins, while on top of topographic lows, it
thickens (See also Section 3.1.1).

The exact thickness cannot be determined with certainty but
can be estimated. In the G-~52 well, the Mount Clark and the
Mount Cap are both approximately 45 metres thick. If this
ratio in thickness is maintained in the area, then the Mount
Clark can have a maximum thickness of 120 metres and averages
around S0 metres. Over the structural anomalies in the
south, the thickness may be less than the average value. In
fact, the isochron map indicates that there may not be any
reservoir on the western side of the East Blackwater Lake
anomaly and the Central Blackwater anomaly. This results in
a reduced reserve estimate for these anomalies.

4.3 Mount Cap Pormation

The structural map of the Mount Cap is shown in Pigure 3.12.
There is a strong resemblence between this map and the Pro-
terozoic structure map (Pigure 3.10).

The distribution of the Mount Cap is similar to the Mount
Clark. It thins westwards over the Wolverine Arch and disap-
pears west of it. This also implies that the source of the
sediment is from the east.

In Section 3.1.1, it was pointed out that in northern Great
Bear, the Mount Cap contains 25 metres of low velocity shale
which is thought to provide the hydrocarbon source to the
Mount Clark sandstones. This low velocity shale is absent in
the G-52 well.

Although the low velocity shale is thin, the large velocity
contrast produces a strong tuning effect which can be detect-
ed most of the time. This can be seen in Pigure 3.8.1. How-
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ever when the shale gets really thin, then it cannot be de-
tected. The edge where the low velocity shale becomes unde-
tected from seismic is marked in Pigure 3.12. This edge lies
south of the South Clement Creek Anomaly. In . the eastern
part of the triangular region between Pault A and Pault B,
the low velocity shale is also detected in the seismic. It
should be noted that the shale can still exist in places
where it is not detected seismically, no detection just means
that the low velocity shale is very thin.

4.4 Saline River Pormation

In Northern Great Bear, this formation contains 145 metres of
halite and by the time it reaches the G-52 well, the halite
is completely gone (The I-S54A well, which lies between them,
do not penetrate deep enough into the Saline River to en-
counter the salt.). Since the salt can provide an excellent
seal for hydrocarbons, it is of interest to know its lateral
extent. Again, seismic data can provide some help because
within the salt there is a thin layer of low velocity shale.
The presence of this shale mark»r is seen over the southern
part of the South Clement Creek an-maly in Figure 3.12, Thus
the salt extends at least this far -o the south.

It should be noted that the absence o ithis shale marker does
NOT necessarily mean that the salt is also absent, it may
mean that the shale marker is too thin to be detected or that
the salt does not contain the shale marker. Neither is it
true that places with no salt cannot have a good sealing
rock, in fact, a good seal may exist if the shale section
over the sandstone reservoir is thick enough.
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4.5 Pranklain Mountain Pormation

The cartonates of the Pranklain Mountain Pormation thin to-
vard the west over the Wolverine Arch. The thickness of the
Franklain Mountain decreases from a two way time of approxi-
mately 120 msec in most areas to almost zero in the west.
This is equivalent to a change in thickness from about 300
metres to near zero from east to west.

4.6 Mount nn_dlo Pormation

The thickness of the Mount Kindle is relatively constant
throughout the project ara west of Pault A. There the two
vay time is about 80 msec and this is equivalent to approxi-
mately 200 metres. East of Fault A, the Mount Kindle is very
difficult to correlate.

4.7 Pre-Cretaceous Unconformity

The top of the carbonates and anhydrites of the Devonian Bear
Rock Formation is generally the strongest reflector in the
project area The time structure map of this unconformity is
shown in Figure 3.14.

In general, the Devonian carbonates thicken to the southwest.
and vary from 350 metres on the east side of PFault A to 625
metres near the I-54A well to 1000 metres to the west. The
top of the carbonates dips to the southwest.

4.8 Cretaceous
The Cretaceous section thickens towards the west in the study

area, especially near the Cap Thrust and in the graben west
of Fault A.
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Channel like features on the base of the Cretaceous were map-
ped last year. The new data shows more such features (Fig.
3.14). Two of them appear on line 8430 and two more appear
on line 8444. These features are half a kilometre to slight-
ly more than one kilometre wide, the length can be seven kil-
ometres long (Figure 4.1). If these channels contain thick
sand sequences as in Northern Great Bear (see section 3.1.1)
then they can become secondary targets because they are over-
lain by thick units of shale.

4.9 Prospects

The following summarizes what is known about the major ano-
malies listed in Table 4.1.

All three anomalies started to develop before Ordovician
time. The Central Blackwate anomaly and the East Blackwater
Lake anomaly were cored by Proterozoic arches and a small
rollover existed at South Clement Creek around Ordovician
time., All of them were amplified during the Laramide
Orogeny.

The Saline River Salt, which provides an excellent seal, is
found to lie on top of the South Clement Creek anomaly. The
Mount Cap shale provides seal for the other anomalies.

At the South Clement Creek anomaly 50 to 80 metres of Mount
Clark sandstone has been deposited. For the other two anoma-
lies, the Cambrian reservoir section is interpreted to be

much thinner.
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SECTION PIVE

DISCUSSION OF RESULTS IN GREAT BEAR AREA

5.1 The Proteroszoic

S.1.1 Present Morphology

In the project area, the relief of the Proterozoic unconform-
ity is moderate and varies by 900 m. The Proterozoic uncon-
formity and the overlying Paleozoic strata dip gently to the
west.

Some changes have been made in the interpretation of the area
since last year. Fault E has been found to strike more in a
southwest direction than in a north-south direction. The an-
omaly over Russel Bay is mapped as a rollover structure and
not a fault-bounded structure.

The depth and the area of closure of the major anomalies are
listed in Table 5.1 Ford Bay is a fault bounded structure,
Russel Bay is a rollover anticline and Clements Creek North
is a rollover anticline bounded to the east by Fault A.

Depth Area of Closure

Name of Prospect (m) (hectares)
Ford Bay 1450 12000
(fault dependent)
Russle Bay 1500 14250

(fault dependent)
Clements Creek North 1350 26000
(fault dependent)

TABLE 5.1 STRUCTURAL ANOMALIES IN GREAT BEAR E.A.
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S.1.2 Proterozoic structures

The dip angle map (Fig. 3.19) shows two ancient arches in
Northern Great Bear. They aré located near the Fort Norman
structure and the direction of strike is probably parallel to
it also. However, their relationship with the Fort Norman
structure is not clear.

The presence of these ancient arches affected the deposition
of sediments during Cambrian time. An inspection of the Cam-
brian clastics .isochron map (Fig. 3.17) shows that the Cam-
brian clastics thin slightly over these structures.

S.1.3 Paults and topography at Cambrian time

From the discussion of 3.3.2 it can be seen that faults were
active at different times. In Clements Creek North, the
Fault A was only a local normal fault during the Proterozo-
ic.

In Northern Great Bear, only fault G existed during the Pro-
terozoic.

5.2 Mount Clark Formation
The isochron map shows that the Mount Clark Formation thins

northwards across Fault G, Its thickness is also determined
by the topography of the Proterozoic at early Cambrian time.

The exact thickness cannot be determined with certainty but
can be estimated. In the G-22 well, the Mount Clark is 60 m
thick while the Mount Cap is approximately 75 m thick. If
this ratio in thickness is maintained in the area, then the
Mount Clark can have an average thickness of 80 m.
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In Clements Creek North, the Mount Clark probably is about 60
m thick.

5.3 Mount Cap Pormation

The structural map of the Mount Cap is shown in Figure 3.13.
There is a strong resemblence between this map and the Pro-
terozoic structure map (Fig. 3.11).

The distribution of the Mount Cap is similar to the Mount
Clark. '

S.4 Saline River FPormation

The Saline River Formation was not determined with certainty
in the area but the formation probably thins to the west.

5.5 The Ronning Group (Silurian-Ordovician Carbonates)

The carbonates of this group consists of two formations, the
Mount Kindle and the Pranklin Mountain Formation.

The carbonates of the Franklan Mountain Formation thin toward
the north in Northern Great Bear while the Mount Kindle For-
mation appears to be of relatively uniform thickness.

S.6 Pre-Cretaceous Unconformity

The carbonates and anhydrites of the Devonian Bear Rock sub-
crops in Southern Great Bear. However, the Bear Rock thins
northwards and when it reached the Russel Bay anomaly, it be-
comes so thin that it cannot be resolved from the seismic.
The Mount Kindle Formation then subcrops further the north.
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S.7 Cretaceous

The Cretaceous section thickens towards the west in the study
area.

S.8 Prospects

The following summarizes what is known about the major anoma-
lies listed in Table 5.1.

All three anomalies started to develop before Silurian time.
The Clements Creek North anomaly and the Russel Bay anomaly
began in the Proterozoic as small rollovers while Fault E,
which lie to the east of the Ford Bay structure, was initiat-
ed around Ordovician time. All structures were amplified
during the Laramide Orogeny.

The low velocity shale in the Mount Cap, which is thought to
provide the source is found throughout the project area.

The Saline River Salt, which provides an excellent seal, is
found everywhere.

Reservoir is not a problem because the Mount Clark sand is
more than 60 m thick over these anomalies.

There is a risk for the Ford Bay and the Clements Creek North
structure over the sealing nature of the faults, but the
Russel Bay anomaly seems to be free from such risk.
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