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REARRETES|

EVALUATION

ABSTRACT

The Liard River prospect is located in the Canadizn
Northwest Territories, some 70 miles north of the British Colunkia
boundary. The area is of interest, since considerable structure is
known to be present, and porosity and facies changes take placs
laterally within the Devonian carbonates. To date, little oil o
gas has been encountered in these environs; however, well cont:al
is extremely sparse.

In order to evaluate a petroleum and natural gas
permit, several types of geophysical data, which included con-
tinuous marine-borne sparker, correlation water-located seismiz,
and geophysical acoustical logs were analysed. These data wers
sufficient to locate major structural anomalies, by extrapolating
Slave Point geologic contours into areas without well control.

From the sparker data, three anticlinal axes were
shown near the mouth of the Liard River, while one major anti-
clinal axes was indicated within Permit No. 3152 from the seisnic
data. The control was not sufficient to postulate structural
closure in these anomalous areas. The Regional Velocity Analysis
indicated the lateral behavior of velocity/rock-units, from
velocity, thickness and transit-time standpoints. The acousticzl
logs also served to indicate the location of numerous formationzl
sub=-crops.

The combination of results derived from these threas
sources provided maps which can guide future geophysical
exploration.
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EXPLORATION PROGRAM

The prospect is located near the junction of the
Liard and South Nahanni Rivers, some 70 miles up=-stream from
Fort Simpson, which is located at the junction of the Liard and
Mackenzie Rivers. The permit is 300 miles south-southeast of
Norman Wells, where oil production is being obtained from the
limestone member of the Ramparts Formation (Kee Scarp Lime-
stone) of the Upper Devonian.

The major potential reservoir for oil and gas
production in this area is in the Middle Devonian-Slave Point
Formation, where porosity can be present, sometimes from a
reef facies. The area is the scene of structural folding, as
illustrated by Shell-Liard River No. 2, 6 miles north of the
permit. The structural attitude of the reservoir beds can be
measured from seismograph and sparker data. As a means of
providing reconnaissance structural control, seismic shotpoints
were recorded in water bodies within Permit No. 3152, and
sparker control was obtained in the navigable part of the
Liard River, up to the Liard Rapids. These methods were used,
since they provide a reduced cost reconnaissance-type control,
utilizing water bodies, eliminating the need for a fully-equipped

seismic crew.




CONCLUSIONS

Four features of interest were mapped from the
geophysical data. The first three, in the lower Liard River,
are indicated to be anticlinal trends associated with the
Simpson Arch to their northwest. The structural reversal flank-
ing these trends is quite minor, with Feature Two showing the
maximum reversal of some 80 feet - on the line of control.

Within the permit, Feature Four is indicated as
a southwest-plunging anticlinal trend which may possess
closure to the northeast. Additional control would be neces-
sary to confirm this postulation. This anticline shows
some 700 feet of relief on its flanks, and can be contoured as
a southwestern extension of the anomaly encountered at Shell-
Liard River No. 2, with the Slave Point indicated to be some
1,000 feet lower within the permit area than at the Shell test.
Although this interpretation is subject to contour options, the
most structurally interesting area is Feature Four.

The results of this evaluation should be used in
eventual geophysical surveys, in the confirmation of these
anomalies, and in the exploration for areas where closure is

present.




Acoustical logs in nearby wells were studied
from a geophysical viewpoint, in order to show regional velocity
conditions in direct evaluation of the permit area, and in the
determination of future geophysical methods compatible with all

known geological and geophysical parameters.

An emphasis was placed on the mapping and assess-
ment of the Slave Point, the prime objective. In the areas of
geophysical control, very little sediments are prgserved above

the Slave Point.
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Detracting from the interpretation are:

(a) Limited reliability of conclusions from weak
geophysical information, which cannot be
expected to be as definitive as conventional
(and more costly) seismic reflection shooting
techniques.

(b) The position of the control leaves the seismo-

logist with many options of contouring.

The conclusions derived from this recopnoissance
analysis are restricted to a structural evaluation, and are
subject to confirmation. Geologic considerations of facies
characteristics ana changes will be equally important in acre-

age assessment.
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RECOMMENDATIONS

The location of the anomalous areas, as ‘ndicated
by this analysis, can be used in the guidance of land aequisi-
tion, and in the eventual positioning of other geophysical
surveys, which should precede stratigraphic testing.

The information available to date is not sufficient
to recommend a test location; however, this evaluation has
resulted in providing a good basis from which to conduct future
exploration.

Particular attention is drawn to the structural

anomaly, Feature Four, located within Permit No. 3152.

Respectfully submitted,

A. E. Pallister, P, Geoph.

Principal Geophysicist.
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PART 1|

TECHNICAL DISCUSSION

GEOLOGIC CCNTROL

The Liard River Area is located in the southwestern interior plains of
the Morthwest Territories, on the south side of the Liard River, about 70 milés southwest
of Fort Simpson. The project lies on the east edge of the Canadian Cordillera at the
south end of the Nahanni Range, and directly east of the Liard Range.

Five structural trends are superimposed on the Western Canada
Sedimentary Basin within the regional map area:

1. Simpson Arch = The Simpson Arch enters the map area from the north
and trends south-southwest.

2. Celibeta Arch - The Celibeta Arch enters from the south, east of the
Home-et al-Celibeta No. 1 well, and trends north.

3. Bovie Lake Syncline - The Bovie Lake Syncline enters the map area
from the south, west of Home-et al-Celibeta No. 7 well, and trends
north.
4. Mills Lake Arch - Trends southwest, north of Briggs Tetcho Lake well.
5. Rocky Mountain Cordillera - The first thrust fault is present 15 miles
west of the permit area. There are no indications of foothills in the
zone east of the Rockies, such as those that exist further south.
From the accompanying Geologic Map, it can be seen that the out-
crops, 45 miles along the Liard River from the Mackenzie River, are composed of

Upper Devonicn shales and limestones. Quaternary and Recent deposits are present

along the rest of the Liord River, within the map area.

ATl
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Seven wells have been drilled near Fort Simpson and along the
Liard River; six other wells are located between Trout Lake and Liord River. All of
these wells were dry and abandoned except for the Imperial-Sun=-Netla No. F-7, which
is a shut-in Slave Point gos well.

South of 61° north latitude, and west of 1232 west longitude, the
Slave Point Formation dips southwest at approximately 140 feet per mile. East of 122°
west longitude, and north of 61° north latitude, the Slave Point horizon dips 30 feet per
mile to the southwest, between 60° 00' and 60° 30! north latitude, and east of 123°
west longitude, the Slave Point Formation dips north at 120 feet per mile. The Mesozoic

erosional surface and formations above it have little dip.

GEOLOGIC SYSTEM THICKNESS

(FH)
Recent and to Cretaceous 0 - 1700
Mississippian - erosional 0 - 2600
Devonian 1200 - 4700
Pre-Devonian # 0 - 500 (estimate)
TOTAL 1200 - 9500

Average geologic column in the Liard River Area.

Devonian rocks outcrop on the north edge of the basin, which is
developed in the Trout Lake region. Along the Liard River, the Simpson Shale is out-
cropping; thus, between the basin and the Liard River, approximately 8,000 feet of the

above total section disappears.
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Geologic reports available at the Department of Northern Affairs
point out some interesting surface anomalies in the region. A report written, in 1952, by
L. J. Martin for The British American Oil Company Limited, discusses the existence of
domal structures along the Trout River. A location approximately 61° north latitude and
120° west longitude, Feature "IB" (see Index Map), appears as a domal structure three-
quarters of a mile long with 3° dip up-stream, and 2° down-stream, possibly draping
over a reef body in the Hay River Limestone (Base of Second Limestone?).

A report, by G. Dann, 1952, mentions the existence of small, sharp
folds along the Matou River. Other features in the Hay River Formation, possibly
associated with reef drape, also were described along Birch River (Feature E) and Poplar
River (Feature F.)

A letter by C. Warren Hunt, November 2, 1953, contained in the
Westerol 1A File ( Department of Northern Affairs) outlined some of the preliminary
thought that went into the drilling of the Westerol wells.

"The Westerol 3A well found the thin sedimentary cover above the
basement rocks that had been hoped for, Precambrian being
encountered slightly above total depth of 2,422 feet. Unfortunately,
the Devonion reef, which had been sought, was not developed and,

while the well found small oil showings in the Middle Devonian, no
substantial porosity was found. ..... T

"Three further wells were drilled during the summer, the Westerol 7A,
Westerol 4A and B, A.-Hudson Bay-Trail Creek No. 1. These wells
succeeded in establishing very definitely an east-west strike, and a
south dip of some 35 feet per mile. Secondly, a showing of oil and
some porosity was encountered in the Westerol 7A well in the Middle
Devonian..... Y
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"Westerol Liard Rapids 1A was drilled basically as a stratigraphic
test..... The well was located on the best known structure in the
area, an anticline outcropping on the banks of the (Liard) River
above the main rapids. The anticline has a northward dip of about
20° and gave evidence of having about 200 - 300 feet of amplitude
on the river section. No closure could be proved northward or
southward in the direction of the axis........ .

VELOCITY ANALYSIS

Velocity information for the area was obtained by the integration of

the sonic logs from the following wells:

o

Murphy-B.0O. C. -Muskeg River No. 1 - 607 43'38" N 1227 3'45"W
Imperial-Sun-Arrowhead [ - 46 - 60°45'30" N 122023 W
. Imperial-Sun-Netla-Raven F-73 - 60°42'30"N 122744 W
Imperial-Sun-Netla F-7 - 60° 46' 30" N 122° 45' 50" W
Murphy-B.O. C. -Arrowhead River No. 1 - 60°50' 22" N 122° 5'50"W
Briggs-Trout River No. 5 - 60°55' 03" N 120° 31' 34" W

A total of 35, 850 were integrated from the above wells.

No velocity information was available in the area of seismic control.
Mean interval velocities and isopachs were calculated from control, which is located
south of the project area.

The next step, after calculating the velocities and isopachs, was to
project the calculated velocities into the area of seismic control. This was done by
studying the geology of the prospect area; for example, Simpson-Shale outcrops along

the Liard River. Since the horizon of interest in this report is the Slave Point Formation,
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the velocity down to it, along the Liard River, can be narrowed down to that of the
Simpson Shale, plus the velocity of the low-velocity zone. In the case where the
sparker seismic was used, this low=velocity layer would include the river, and the
zone below the river. Since the depth of the water and the saturated zone is shallow,
in comparison with the thickness of the Simpson Shale, the water and the saturated

layer would not greatly alter the average velocity down to the Slave Point Formation.

AVERAGE AVERAGE

VELOCITY/ROCK-UNIT ISOPACH HALF-VELOCITY

(Ft) (Ft/0.001 sec)
K.B. - 1000 to Detrital Zone 706 4.5
Detrital Zone to Mississippian 6l 4.1
Mississippian to Wabamun 323 4.6
Wabamun to First Limestone 193 Sh
First Limestone to Second Limestone 878 5.6
Second Limesfone to Base of Second Limestone 348 740
Base of Second Limestone to Third Limestone 711 5.6
Third Limestone to Simpson Shale 137 8.7
Simpson Shale to Spence River 1672 5.7
Spence River to Slave Point 75 6.4
Slave Point to Keg River 765 9.6
Remainder of Section Not Known

Average isopachs and interval velocities in the Liard River Area.




In Permit No. 3152, the depth of the Slave Point Formation
increases from about - 500 feet to - 1500 feet below sea level and, thus, a gradient ‘
velocity can be seen on the accompanying maps.

The changes in velocities are in a direct proportion to the depth
of present day burial of the various formations. It can be seen on the generalized dip
sections that the depth of burial increases rapidly southward from Permit Nc. 3152
and the Liard River.

The "Average velocity and averoge isopach" table was calculated
from sonic logs, and should not be applied as such to any particular area without
compensating for the depth of burial and lithologic changes. The variations in isopachs
and velocities can be readily seen on the accompanying maps (Map Nos. 4A to 9C.)

If further seismic work is to be carried out in this area, reflections

could be predicted to arrive from the following velocity interfaces:

Detrital/Mississippian

Wabamun/First Limestone

First Limestone/Second Limestone

Second Limestone/ Base of Second Limestone
Base of Second Limestone/Third Limestone
Third Limestone/Slave Point Formation
Slave Point Formation/Keg River Formation

Interfaces expected to produce seismic reflections.

Due to the fact that the Slave Point Formation was located at a depth
of 407 feet, in the Shell-Liard River No. 2 well, long off-set shooting would not be
recommended. There is a very good possibility that, if long off-sets were used in the

Shell-Liard River No. 2 area, refractions instead of reflections will be recorded.




GEOPHYSICAL APPRAISAL

A sparker survey of the Liard River was carried out by Accurate

Exploration Ltd., on July 26th and 30th, 1959. Velocity Surveys Ltd. shot a recon-

naissance water seismic survey of Permit No. 3152 on September 13th to 16th, 1961.

-~

The sparker records for this survey were below par, due to high
noise level caused by high boat speed down the river, and also vibration on the survey
boat. The record quality of the water seismic was poor to fair.

Due to large off-sets on the water seismic, and the shallowness of
the section, only one or two reflections were recorded. Jump correlations on these
records were hampered by the fact that the reflection picked was located very close to
the first breaks. Frequency and character changes also added to the correlation problem.

One phantom horizon was projected on the sparker records. Numerous
multiples were apparent on the sparker data, but these did not interfere with the
fictitious horizon picked. The sparker seismic was conducted as a single nearly straight-
line traverse. This traverse makes it almost impossible for the interpreter to determine
three dimensional geology.

The water seismic was shot with charges varying from 14 to 15
pounds, with a shot depth varying from 2 to 7 feet. The sparker records were
recorded by towing an electrode 250 feet astern of the survey boat. This electrade is
controlled to emit a spark of 10,000 volts every 2 to 4 seconds. This method provided a
continuous section of the geologic structure beneath the survey boat.

The Regional Velocity Analysis served to indicate the behavior of
velocity/rock-units laterally, from both a velocity and a thickness standpoint (see Map
Nos. 4A to 9C.) The Velocity Analysis also helped to simplify the geologic correlation

and will be useful for any further seismic interpretations in the area.
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GEOPHYSICAL - GEOLOGICAL INTEGRATION

The Slave Point Elevation Map was prepared from the Sparker Survey
in the following manner:

An isochron was calculated for the interval from sea level to the
Slave Point horizon at the Westerol 4A well. A half-velocity of 5.7 feet per millisecond
was used to compute this isochron; this isochron then was marked on the sparker record
adjacent to the 4A well. Reflection dips were picked on all records. A phantom
horizon was projected, on the sparker records, from the tie point at the Westerol 4A
well. The phantom horizon reached the limit of penetration of the sparker records as the
depth of the section increased. A new phantom then had to be started at the top of the
record. This phantom horizon was based on the deeper reflection dips.

Atall .points along the traverse, the isochrons were converted to depth,
by using a half-velocity of 5.7 feet per millisecond.

It has been found, from well control, that the Middle Devonian drops
463 feet between the Westero!l 4A well and the Westerol-Liard R;::pids 1A well. Over
this same interval, the fictitious horizon drops 930 feet. The Westerol-Liard Rapids 1A
well is located 10 miles west and up-dip from the Liard River, thus accounting for the
difference in the drop of the Middle Devonian over this interval.

The Slave Point Elevation Map was prepared from the water seismic
reconnaissance in the following manner:

All firet breaks were checked to see if they gave velocities indicative
of reflection or refraction energy. All records except a few (these are shown as N.V.)

indicated velocities associated with reflections.
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The closest well to Permit No. 3152 is the Shell-Liard River No. 2.
Elevation of the Slave Point at this well is +215. Regional dip then was projected to
Shotpoint No. E-16, and an identification of the Slave Point Reflection was made,' using
a half-velocity of 5.7 feet per millisecond. This reflection was carried throughout the
project area.

All reflection times were converted to depth, using a half-velocity
of 5.7 feet per millisecond. The elevation of the shotpoints was subtracted from the
depth conversions to give the elevation of Slave Point horizon. No computations were
made to allow for low-velocity problems. The normal move-out for the off-set of the

geophones was not calculated, and remains in the depths mapped.
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MAP DISCUSSION

Maps No. 1, No. 2 and No. 3A Elevation and Seismogeological
Regional Elevation - MIDDLE DEVONIAN ( Slave Point Fm)

These maps were prepared in order to evaluate any structure on the
Slave Point horizon. Porous Slave Point potential has been indicated at the shut-in
gas well Imperial-Sun-Netla No. F-7, which is approximately 15 miles south of
Permit No. 3152. Several indications of geologic structure, which could be the result
of reef build-up, have been noted in geclogic outcrops. These maps were contoured in

harmony with the regional framework.

MAP NO. 1 - (Slave Point Formation from phantom horizon based on sparker dips)

Regionally, the map area is located on the southeast flank of the
Simpson Arch. The Arch rises northwest of the map area at 60 feet per mile.

This map was prepared by picking a phantom horizon, utilizing
reflection dips on the sparker records. These phantom values were then converted to
depth by using a half-velocity of 5.7 feet per millisecond. The elevation of the river
then was subtracted from the converted phantom values. A phantom horizon such as
this is highly interpretive.

Three structural highs are noted on this map; no entrapments are
indicated on these highs. The three features snown are compatible with trends indicated

in outcrops along the Liard River. The series of tight folds indicated along the river in
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outcrop appear to have north-south trending axes, while the structures on this map
have northwest-southeast axes.

It is next to impossible to determine three dimensional geologic
structure from a single nearly straight-line traverse. This traverse gave the inter-
preter several contour options. The contour option used for this map was one of trying
to show any possible highs, which extend from the flank of the arch, and to show

possible closure on these highs.

Any further evaluation of the highs shown would require additional

conventional seismic control across and along these highs.

Porosity in the third limestone, which should pinch-out close to

this area, could be of interest, along with the major play in the Slave Point Formation.

MAP NO. 2 - (Slave Point Formation from water seismic reconnaissance)

Regionally, this horizon portrays southwest dip of approximately
140 feet per mile. North of the Liard River the regional picture is very much distorted
by the southwest trending Simpson Arch. This arch apparently cuts directly across the
permit area. The Slave Point Formation was penetrated at + 215 feet in the Shell-Liard
River No. 2 well.

The Nose, Feature Four, could be considered a southwest extension
of the anomaly on which the Shell-Liard well was drilled. Any closure on this feature,
within the permit area, would have to be evaluated by further seismic control. It is
suggested that, if future seizmic work is to be done, a few lines should be shot across

this nose and also along its axis.
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This map was prepared by making an identification of the Slave
Point Reflection at Shotpoint No. E-16. This reflection then was carried throughout
the prospect by jump correlations. The reflection fimes, used to convert to depth,
were not corrected for normal move-out. Normal move-out was not calculated for the
reason that the off-set distance was essentially constant at all shotpoints. The
accuracy of the results, of course, are limited by three conditions: one, the difficulty
in making correlations close to first breaks; secondly, by the use of jump correlations;
and, thirdly, by the possibility that a velocity change could take place locally, so
that the conversion velocity used would be incorrect through a portion of the area.

A half-velocity of 5.7 feet per millisecond was used to convert to depth throughout the
prospect.

Reliability of the jump correlations is dependent on the closeness of
the reflection to the first breaks and the severity of frequency changes; thus, these
correlations could not be considered completely reliable, and would only produce approxi-
mate results.

Here, again, a few contour options were available and the option
taken was one to show a high extending from the Simpson Arch. Since the results are
only approximate, there is a good possibility that closure could exist on the high
shown as Feature Four.

In addition to Slave Point production possibilities, any porosity
associated with the Second Limestone zero edge should not be overlooked. Facies
changes and zero edge relationships associated with the First and the Second Lime-

stone are also of interest (see Sonic Log Cross-Section and Geologic Cross-Sections.)
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MAP NO. 3A - (Slave Point Seismogeological Regional Elevation)

This Seismogeological Map was prepared from elevations taken from
well control. lts purpose is to show the regional structure on the Slave Poirt Formation.
The contouring was done as smoothly as possible to retain the structure on this horizon.
This map portrays four strong features in this portion of the Western
Canada Sedimentary Basin. The largest feature, and possibly the most important, is the
Simpson Arch. The Simpson Arch enters the map area from the north, trending south=-
west and cutting across Permit No. 3152.
The second largest feature is the Celibeta Arch, which enters the
map area from the south and trends north.
West of the Celibeta Arch lies the Bovie Lake Syncline. There is
. approximately 3,500 feet difference between the Bovie Lake Syncline and the Celibeta
Arch.
The fourth major structure shown on this map is the Mills Lake Arch,
which enters the map from the east and trends southwest.
This map summarizes the regional structure on the Slave Point
;5 Formation. The values from the sparker survey (Map No. 1) and water seismic (Map
No. 2), were added to the regional picture to produce this seismogeological map. These

values influence the regional contours only in the areas of geophysical control.

|




Maps No. 4A to No. 9C inclusive - Regional Velocity Analysis Maps

These maps were prepared to display regional isopachous, isochronal
and interval-velocity variations within the region.

Isopach values were obtained from published and released well
control. Only those geologic horizons which represented strong velocity changes were
used. Several nomenclatural problems were experienced in these correlations.

Velocity information was gained from six acoustic type logs. The logs
were integrated to obtain interval velocities and transit time values. The interval

velocities show a general increase to the southwest, in response to the deepening of the

basin. Distinct velocity log interfaces were of value in solving correlation problems.

The regional velocity values may be used with confidence for any
future seismic depth conversions in the area. However, as further acoustic log control
becomes available, it should be included with this analysis. Nomenclatural problems
may be resolved as further study is completed; however, this will alter little, the
results of this R.V.A., since only obvious velocity breaks were correlated and, no
doubt, will be associated with major sedimentary changes.

Isochronal values were computed from the known isopachs and
average interval velocities.

This Regional Velocity Analysis will be of value for future seismic

work that may be carried out in this area.

Respectfully submitted,

R. G. Walker,
Seismologist.
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PROJECT SUMMARY

Project

LIARD RIVER

Project No. 461
Contract No. 302

PART 11l - [INTERPRETATION

PRINCIPAL GEOPHYSICIST A. E. Pallister

Party No.

SEISMOLOGIST R. G. Walker

NATURE OF PROJECT AND NUMBER OF SHOTPOINTS ANALYZED

Interpretation of Current Field Data
Interpretation of Past Field Data
Supervision Only (Field Project)

None
( See below)

DATA
No. of
Source* Contractor-Date S.P.'s Instruments  Tape System Type of Data Received
||rr'l1n§rhrl Arrurate Fxn | td 37.6 mis Spurker Prints Of Secfions

Client's |Yelocity Surveys Ltd| 42 Oriqinal and prints of
Marine Seismic
= Seismograms
* Current Data, Client's Data, Trade Data, Purchased Data, etc.
COMPUTING
METHOD N/A
Base Filter Datum Sea Level Datum Velocity 11,400 ft./sec.

Depth Conversion Method

R. V. A. Area 6 Velocity Analyses

PLAYBACK SECTIONS

Company N/A
Presentation N/A
Dynamic Correction Function N/A
Static Correction Function N/A

REPRODUCTION Number of Copies

Final Reports 4
Seismograms

Microfilm

Sections

Tapes

Maps

Destination

3 to Client - 1to A.E.P. File
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PART I
EVALUATION

ABSTRACT

The Liard River prospect is located in the Canadian
Northwest Territories, some 70 miles north of the British Columbia
boundary. The area is of interest, since considerable structure! is
known to be present, and porosity and facies changes toke place
laterally within the Devonian carbonates. To date, little oil or
gas has been encountered in these environs; however, well control
is extremely sparse,

In order to evaluate a petraleum and natural gas
permit, several types of geophysical data, which included con-=-
tinuous marine-borne sparker, correlation water=-located seismic,
and geophysical acoustical logs were analysed. These data were
sufficient to locate major structural anomalies, by extrapolating
Slave Point geologic contours into areas without well contral.

From the spaorker data, three anticlinal axes were
shown near the mouth of the Liard River, while one major anti~
clinal axes was indicated within Permit No. 3152 from the seismic
data. The control was not sufficient to postulate structural
closure in these anomalous areas. The Regional Velocity Analysis
indicated the lateral behavior of velocity/rock-units, from
velocity, thickness and transit-time standpoints. The acoustical
logs also served to indicate the location of numerous formational
sub-crops.

The combination of results derived from these three
sources provided maps which can gulde future geophysical
exploration.
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EXPLORATION PROGRAM

The prospect is located near the junction of the
Liard and South Nahanni Rivers, some 70 miles up=stream from
Fort Simpson, which is located at the junction of the Liard and
Mackenzie Rivers. The permit is 300 miles south-southeast of
Norman Wells, where oll production is being obtained from the
limestone member of the Ramparts Formation (Kee Scarp Lime-
stone) of the Upper Devonian.

The major potential reservoir for oil and gas
production in this area is in the Middle Devonian-5Slave Point
Formation, where porosity can be present, sometimes from a
reef facies. The area is the scene of structural folding, as
illustrated by Shell-Liard River No. 2, 6 miles north of the
permit. The structural attitude of the reservoir beds can be
measured from seismograph and sparker data. As a means of
providing reconnaissance structural control, seismic shotpoints
were recorded in water bodies within Permit No., 3152, and
sparker control was obtained in the navigable part of the
Liard River, up to the Liard Rapids. These methods were used,
since they provide a reduced cost reconnaissance-type control,
utilizing water bodies, eliminating the need for a fully-equipped

seismic crew.



Acoustical logs in nearby wells were studied
from a geophysical viewpoint, in order to show regional velocity
conditions in direct evaluation of the permit area, and in the
determination of future geophysical methods compatible with all
known geological and geophysical parameters.

An emphasis was placed on the mupgping and assess=-
ment of the Slave Point, the prime objective. In the areas of
geophysical control, very little sediments are preserved above

the Slave Point.




CONCLUSIONS

Four features of interest were mapped from the
geophysical data. The first three, in the lower Liard River,
are indicated to be anticlinal trends associated with the
Simpson Arch to their northwest. The structural reversal flank-
ing these trends is quite minor, with Feature Two showing the
maximum reversal of some 80 feet - on the line of control.

Within the permit, Feature Four is indicated as
a southwest-plunging anticlinal trend which may possess
closure to the northeast. Additional control would'be neces-
sary to confirm this postulation. This anticline shows

. some 700 feet of rlellef on its flanks, and can be contoured as
a southwestern extension of the anomaly encountered at Shell-
Liord River No. 2, with the Slave Point indicated to be some
1,000 feet lower within the permit area than at the Shell test.
Although this interpretation is subject to contour options, the
most structurally interesting area is Feature Four.

The results of this evaluation should be used in
eventual geophysical surveys, in the confirmation of these

anomalies, and in the exploration for areas where closure is

present.
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Detracting from the interpretation are:
Limited reliability of conclusions from weak
geophysical information, which cannot be
expected to be as definitive as conventional
(and' more costly) seismic reflection shooting
techniques.

The position of the control leaves the seismo-

logist with many options of contouring.
The conclusions derived from this reconnnissance

y |

. *
analysis are restricted to a structural evaluation, and are

subject to confirmation. Geoclogic considerations of facies

characteristics and changes will be equally important in acre-

age assessment.
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RECOMMENDATIONS

The location of the anomalous areas, os indicaled
by this analysis, can be used in the guidance of land acquisi-
tion, and in the eventual positioning of other geophysical
surveys, which should precede stratigraphic testing.

The information available to date Is not sufficient
to recommend a test location; however, this evaluation has
resulted in providing a good basis from which to conduct future
exploration.

Particular attention is drawn to the structural

anomaly, Feature Four, located within Permit No. 3152.

Respectfully submitted,

A. E. Pallister, P5 Geoph.,
Principal Geophysicist.
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PART ||

TECHNICAL DISCUSSION

GEOLOGIC CONTROL

the Northwest Territories, on the south side of the Liard River, about 70 miles southwest

The Liard River Area is located in the southwestern interior plains of

of Fort Simpson. The project |fes on the east edge of the Canadian Cordillera ot the

south end of the Nohanni Range, and directly east of the Liard Range.

Five structural trends are superimposed on the Western Canada

Sedimentary. Basin within the regional mop orea:

1.

2.

Simpson Arch = The Simpson Arch enters the map area from the north
and trends south-southwest.

Gelibeta Arch = The Celibeta Arch enters from the south, east of the
Home-et al-Celibeta Na. 1 well, and trends north.

Bovie Lake Syncline = The Bovie Lake Syncline enters the map area
from the south, west of Home-et al-Celibeta No. 7 well, and trends

north.
Mills Lake Arch = Trends southwest, north of Briggs Tetcho Loke well.

Rocky Motirtain Cordillera - The first thrust fault is present 15 miles
west of the permit area. There are no indications of foothills in the
zone cost of the Rockies, such as those that exlist further south.

From the accompanying Geologic Map, it can be seen that the out=

crops, 45 miles along the Liard River fromthe Mackenzie River, are composed of

Upper Devonion shales ond limestones. Quaternory and Recent deposits are present

along the rast of the Liord River, within the map area.

-11-




ERA PERIOD | LEGEND OF GEOLOGY FOR LIARD RIVER REGION
QUATERNARY
CEROZOIC | iewesar | Q| Sursrerse. ocpostrs
Bu' | ror7 mezsow, KoTaneeLes, erc.
UPPER |
MESOZOIC
CRETACEOUS
RIf | Forr sz sown crouws
AT
l CPm®| sarrsown, FANTASQUE
SCmf | meerr, cemusean, yowm
Mississippian|
DC  |swate, StAre, SKTETONE
(Devonmn & Missiasizeinv)
REDKNIFE
Duo | oxse 24y
PALEOZOIC] il ud
UPPER gh e :
pevouiad  |LDUN B 7xovr AnvER, TE7CHO
1l KAKISH
> ‘ i h
\Dusi | /oR7 SmirsOM (may mctvde Alddie Deu SA.)
lj".—' i
ceonien |IOm | wananns, oeax sock. wuse
S
orooviciAN | OSk
Al %_.r‘};f MOUNT KINDLE. , FRANKLIN MOUNTAIN
Bl
CAMDRIAN € SANOSTONE , SHRLE

DISTRICT
GEOLOGIC MAP OF THE LIARD RIVER REGION

foken from Geologreal Survey o Hap Mo JO. - 1963




-13-

Seven wells have been drilled near Fort Simpson and along the
Liard River; six other wells are located between Trout Lake and Liard River. All of
these wells were dry and abandoned except for the Imperial-Sun-Netla No. F-7, which
is a shut=in Slave Point gas well.

South of 61° north latitude, and west of 123 west longitude, the
Slave Point Formation dips southwest at approximately 140 feet per mile. East of 122°
west longitude, and north of 61° north latitude, the Slave Point horizon dips 30 feet per
mile to the southwest, between 60° 00! and 60° 30" north'latitude, and east of 123°
west longitude, the Slave Point Formation dips north at 120 feet per mile. The Mesozoic

erosional surface and formations above it have little dip.

GEOLOGIC S5YSTEM THICKINESS

Ft
Recent and to Cretaceous 0- 1700
Mississippian ~ erosional 0 - 2600
Devonian 1200 - 4700
Pre~-Devonian 0 - 500 (estimate)
TOTAL 1200 - 9500

Averaoge geologic column in the Liord River Area.

Devonian rocks outcrop on the nerth edge of the basin, which is
developed in the Trout Lake region. Along the Liard River, the Simpson Shale is out-
cropping; thus, between the basin and the Liard River, approximately 8,000 feet of the

cbove total section disappears.
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Geologic reports available at the Department of Northern Affairs
point out some interesting surface anomalies in the region. A report written, in 1952, by
L. J. Martin for The British American Oil Company Limited, discusses the existence of
domal structures along the Trout River. A location approximately 612 north latitude and
120° west longitude, Feature "IB" (see Index Map), appears as a domal structure three-
quarters of a mile long with 32 dip up-stream, and 2° down-stream, possibly draping
over a reef body in the Hay River Limestone (Base of Second Limestone?).

A report, by G. Dann, 1952, mentions the existence of small, shorp
folds olong the Matou River. Other features in the Hoy River Formation, possibly
associated with reef drape, also were described along Birch River (Feature E) and Poplor
River (Feature F.)

A letter by C. Warren Hunt, November 2, 1953, contained in the
Westerol 1A File (Department of Northern Affairs) outlined some of the preliminary
thought that went into the drilling of the Westerol wells.

"The Westerol 3A well found the thin sedimentary cover above the
basement rocks that had been hoped for, Precambrion being
encountered slightly above total depth of 2,422 feet. Unfortunately,
the Devonian reef, which hod been sought, was not developed and,
while the well found small oil showings in the Middle Devonian, no
substantial porosity was found. s ovues

"Three further wells were drilled during the summer, the Westerol 7A,
Westerol 4A and B.A.-Hudson Bay-Trail Creek No. 1. These wells
succeeded in establishing very definitely an east-west strike, ond a
south dip of some 35 feet per mile. Secondly, a showing of oil and

some porosity was encountered in the Westerol 7A well in the Middle
Devonian. .ese s
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"Westerol Liord Rapids 1A was drilled basically as a stratigraphic
test.ss+o The well wos located on the best known structure in the
area, an anticline outcropping on the banks of the ( Liard) River
above the main ropids. The anticline has a' northward dip of about
202 and gave evidence of having about 200 - 300 feet of amplitude
on the river section. No closure could be proved northward or
southward 1n the direction of the axis..seeu.e

VELOCITY: ANALYSIS

Velocily information for the area was obtained by. the integration of

the sonic logs from the follcwing wells:
Murphy=B.O. C. ~-Muskeg River No. 1 -
Imperial=Sun-Arrowhead [ - 46 -
Imperial=Sun=Netla=Raven F=73 -
Imperial=Sun=Netla F=7 %
Murphy-8.O. C. ~Arrowhead River. No. 1 -

Briggs-Trout River No. 5 -

60° 43' 38" N 122° 3! 45" W
60°45!30" N 1227 23! W
60% 42! 30" N 122° 44" W
60° 46! 30" N 122°45' 50" W
60° 50' 22" N 1229 5' 50" W

602 55' 03" M 120° 31! 34" W

A tolal of 35,850 were integrated from the abova wells.

No vulocity information was available in the area of seismic control.

Meon interval velocities and isopachs were calculated from ccnirol, which is located

south of the project area.

The next step, after calculating the velocities ond isopachs, was to

project the calculated velocities into the area of seismic control. This was done by

studying the geology of the prospect area; for example, Simpson-Shale outcrops along

the Liard River. Since the horizon of interast in this report is the Slave Point Formation,
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the velocity down to it, along the Liard River, can be narrowed down to that of the
Simpson Shale, plus the velocity. of the low=-velocity zone. In the cosc where the
sparker seismic wos used, this low-velocity layer would include the river, ond the
zone below the river, Since the depth of the water and the saturated zone is shallow,
in comparisun with the thickness of the Simpson Shale, the water and the saturated

layer would not greatly alter the averoge velocity down ta the Slave Point Formation.

AVERAGE AVERAGE

VELOCITY/ROCK-UNIT ISOPACH  HALF-VELOCITY
(Ft) (F1/0:001 sec)

K.B. - 1000 to Detritel Zone 706 4,5

Detrital Zone to Mississippian 61 4.1

Mississippian to Waobamun 328 4.6

Wabomun to Firsr. Limestone 193 5.2

First Limestone to Second Limestone 878 5.6

Second Limestone to Base of Second Limestone 348 7.5

Base of Second Limestone to Third Limestone 71 5.6

Third Limestone to Simpson Shale 137 8.7

Simpson Shale to Spence River 1672 5.7

Spence River to Slave Point 75 6.4

Slave Point to Keg River 765 9.6

Remainder of Section Not Known

Average isopachs and interval velocities in the Liord River Area.
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In Permit No. 3152, the depth of the Slave Point Formation

increases from about = 500 feet to - 1500 feet below sea level and, thus, a gradient
velocity can be seen on the accompanying maps.

The changes in velocities ore in a direct proportion to the depth
of present day burial of the various formations. It con be seen on the generalized dip
sections that the depth of burial increases rapidly southword from Permit No. 3152
and the Liord River. 7

The "Averoge velocity and averoge isopach' table was calculoted
from sonic logs, and should'not be applied as such to any particular area without
compensating for the depth of burial and lithologic changes. The variations in isopachs
and velocities can_be readily seen on the accompanying maps (Mop Nos. 4A to 9C.)

If further seismic work is to be carried out in this area, reflections
could be predicted lo arrive from the following velocity interfaces:

Detrital/Mississippian .

Wobamun/First Limestone

First Limestone/Second Limestone

Second Limestone/Base of Second Limestone

Base of Second Limestone/Third Limestone

Third Limestone/Slave Point Formation

Slave Point Formation/Keg River Formation

Interfaces expected to produce seismic reflections.

Due to the fact that the Slave Point Formation was located ot a depth
of 407 feet, in the Shell-Liard River No. 2 well, long off-set shooting would not be
recommended. There is a very good possibility that, if long off-sets were used in the

Shell-Liord River No. 2 area, refractions instead of reflections will be recorded. .




-21-

GEOPHYSICAL APPRAISAL

A sparker survey of the Liard River was carried out by Accurate

Exploration Ltd., on July 26th and 30th, 1959. Velocity Surveys Ltd. shot a recon-

naissance water seismic survey of Permit No. 3152 on September. 13th to 16th, 1961,

The sparker records for this survey were below par, due to high
noise level caused by high boat speed down the river, and also vibration on the survey
boat. The record quality of the water. seismic was poor to fair.

Due o large off-sets on the water seismic, and the shallowness of
the section, only one or two reflections were recorded. Jump correlations on these
records were hampered by the fact that the reflection picked was located very close to
the first breaks. Frequency and character changes also added to lhe_ correlation problem.

One phantom horizon was projected on the sparker records. Numerous
multiples were apparent on the sparker data, but these did not interfere with the
fictitious horizon picked. The sparker seismic was conducted as a single neorly straight-
line traverse. This traverse makes it almost impossible for the interpreter to determine
three dimensional geology.

The waler seismic was shot with charges varying from 14 to 15
pounds, with a shot depth varying from 2 to 7 feet. The sparker records were
recorded by towing an electrode 250 feet astern of the survey boat. This electrode is
controlled to emit a spark of 10,000 volts every 2 to 4 seconds. This method provided a
continuous section of the geologic structure beneath the survey boat.

The Regional Velocity Analysis served to indicate the behavior of
velocity/rock-units laterally, from both a velocity and a thickness standpoint (see Map
Nos. 4A to 9C.) The Velocity Analysis also helped to simplify the geologic correlation

and will be useful for any further seismic interpretations in the area.
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GEOPHYSICAL - GEOLOGICAL INTEGRATION

The Slave Point Elevation Map was prepared from the Sparker Survey,
in the following manner:

An isochron was calculated for the interval from sea level to.the
Slave Point horizon at the Westerol 4A well. A half-velocity of 5.7 feet per millisecond
was used to compute this isochron; this isochron then was marked on the sparker record
adjacent to the 4A well. Reflection dips were picked on all records. A phantom
horizon was projected, on the sparker records, from the tie point at the Westerol 4A
well. The phontom horizon reached the limit of penelr.uﬁon of the sporker records as the
depth of the section increased.. A new phantom then hod to be started at the top of the
record. This phantom horizon was based on the deeper reflection dips.

Atall .poinls along the traverse, the isochrons were converted to depth,
by using a hall-velocity of 5.7 feet per millisecond.

It has been found, from well control, that the Middle Devonian drops
463 feet between the Westerol 4A well and the Westerol-Liord Rapids 1A well, Over
this same interval, the fictitious horizon drops 930 feet. The Westerol-Liard Rapids 1A
well is located 10 miles west and up-dip from the Liard River, thus accounting for the
difference in the drop of the Middle Devonian over this interval.

The Slave Point Elevation Map was prepared from the water seismic
reconnaissance in the following manner:

All firet breaks were checked to see if .lhcy gave velocities indicative
of reflection or refraction energy. All records except a few ( these are shown as N.V.)

indicated velocities associoted with reflections.
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The closest well to Permit No. 3152 is the Shell-Liard River No, 2.
Elevation of the Slave Point at this well is'+215. Regional dip then was projected to
Shotpoint No. E-16, and an identification of the Slava Point Reflection was made, using
a half-velocity of 5.7 feet per millisecond. This reflection was carried throughout the
project area.

All reflection times were converted to depth, using a half-velocity
of 5.7 feet per millisecond. The clevation of the shotpoints was subtracted from the
depth conversions to give the elevation of Slave Point horizon. Mo computations were
made to allow for low-velocity problems. The normal move-out for the off-set of the

geophones was not calculated, and remains in the depths mapped.
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Map No. BA - Regional! Isopach
Map No. 8B - Regional lsochron
Map No. BC - Regional Half-Velocity
MISSISSIPPIAN - erosional TO MIDDLE DEVONIAN (Sl & Point Fm)

Map No, A - Regional  Isopach
Map No. 98 - Regional Isochron
Map No. 9C - Regional Half=Velocity
MIDDLE DEVONIAN (Slave Point Fm) TO MIDDLE DEVONIAN (Keg River Fm)
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MAP DISCUSSION

Maps No. 1, No. 2 and No. 3A  Elevation and Seismogeological
Regional Elevation - MIDDLE DEVONIAN (Slave Point Fm)

These maps were prepared in order to evaluate any struclure on the
Slave Point horizon. Porous Slave Point potential has been indicated at the shut=in
gas well Imperial-Sun-Netla No. F-7, which is approximately 15 miles south of
Permit No. 3152. Several indications of geologic structure, which could be the result
of reef build-up, have been noted in geologic outcrops. These mops were contoured in

harmony with the regional framework.

MAP NO. 1'= (Slave Point Formation from phantom horizon bosed on sparker dips)

Regionally, the map area is located on the southeast flank of the
Simpson Arch. The Arch rises northwest of the map area al 60 feet per mile.

This map was prepared by picking a phantom horizon, utilizing
reflection dipsion the sparker records. These phantom values were then converted to
depth by using a half-velocity of 5.7 feet per millisecond. The elevation of the river
then was subtracted from the converted phantom values. A phantom horizon such as
this'is highly interpretive.

Three structural highs are noted on this map; no entrapments are
indicated on these highs. The three features shown are compatible with trends indicated

in outcrops along the Liard River. The series of tight folds indicated along the river in
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outcrop appear to have north-south trending axes, while the structures on this map
have northwest-southeast axes.
It is next to impossible to datermine three dimensional geologic
structure from a single neorly straight=line traverse. This traverse gave the inter-
preter saveral contour options. The contour option used for this mop wos one of trying
to show any possible highs, which extend from the flank of the arch, and to show
possible closure on these highs.
Any further evaluation of the highs shown would require additional
conventional seismic control across and along these highs.
Porosity in the third limestone, which should pinch-out close to |

this area, could be of interest, along with the major play in the Slave Point Formation.

MAP NO.: 2:~ (Slave Point Formation from water selsmic reconnaissance)

Regionally, this horizon portrays southwest dip of approximately
140 feet per mile. North of the Liard River the regional picture is very much distorted
by the southwest trending Simpson Arch. This arch apparently cuts directly across the
permit area. The Slave Point Formation was penetrated at + 215 feet in the Shell-Liard
River No. 2 well.

The Nose, Feature Four, could be considered a southwest extension
of the anomaly on which the Shell-Liard well was drilled. Any closure on this feature,
within the permit area, would have to be evaluated by further seismic control. It is

suggested that, if future seismic work is to be done, a few lines should be shot across

this nose ond also along its axis.
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This map was prepared by making an identification of the Slave
Point Reflection at Shotpoint No. E=16. This reflection then was carried throughout
the prospect by jump correlations. The reflocifon times, used to convert to depth,
were not corrected for normal move-out. Normal move-out was not calculated for the
reason that the off-set distance was essentially constant ot all shotpoints. The
accuracy of the results, of course, are limited by three conditions: one, the difficulty
in making correlations close to first breaks; secondly, by the use of jump correlations;
and, thirdly, by the possibility that a velocity change could take place locally, so
that the conversion velocity used would be incorrect through a portion of the area.

A half-velocity of 5.7 feet per millisecond was used to convert to depth throughout the
prospect,

Reliobility of the jump correlations is dependent on the closeness of
the reflection to the first brecks and the severity of frequency changes; thus, these
correlations could not be considered completely reliable, and would only produce approxi=
mate results.

Here, ogain, a few contour options were available and the option
taken was one to show a high extending from the Simpson Arch. Since the results are
only approximate, there is a good possibility thot closure could exist on the high
shown as Feature Four.

In addition to Slave Point production possibilities, any porosity
associated with the Second Limestone zero edge should not be overlooked. Facies

changes and zero edge relationships associated with the First and the Second Lime-

stone are also of interest (see Sonic Log Cross-Section and Geologic Cross=Sections.)
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MAP NO. 3A - (Slave Point Seismogeological Regional Elevation)

This Seismogeological Map was prepared from elevations taken from
well control. Its purpose is to show the regional structure on the Slave Point Formalion.
The contouring was done as smoothly as possible to retain the structure on this horizon.

This map portrays four strong features in this portion of the Western
Canada Sedimentary Basin. The largest feature, and possibly the most important) is the
Simpson Arch. The Simpson Arch enters the map area from the north, Irending south-
west and cutting across Permit No. 3152.

The second largest feature is the Celibeta Arch, which enters the
map area from the south and trends north. :

West of the Celibeta Arch lies the Bovie Lake Syncline. There is
approximately 3,500 feet difference between the Bovie Loke Syncline and the Celibeta
Arch.

The fourth major structure shown on this map is the Mills Loke Arch,
which rnters the map from the east and trends southwest.

This map summarizes the regional structure on the Slave Point
Formation. The values from the sparker survey (Map No. 1) and water seismic (Map

No. 2), were added to the regional picture o produce this seismogeological mop. These

values influence the regional contours only in the areas of geophysical control.
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Maps No. 4A to No. 9C inclusive - Regional Velocity Analysis Maps

These maps were prepared to display regional isopachous, isochronal
aond interval-velocity variations within the region.

Isopach values were obtained from published 'and released well
control.  Only those geologic horizons which represented strong velocity changes were
used. Several nomenclatural problems were experienced in these correlations.

Velocily information was gained from six acoustic type logs. The logs
were integrated to obtain interval velocities and transit time values. The interval
velocities show a general incrense to the southwest, in response to the deepening of the
basin.  Distinct velocity. log interfaces were of value in solving correlation problems.

The rcéional velocity values may be used with confidence for any
future seismic depth conversions in the area, However, as further acoustic log control
becomes available, it should be included with this analysis. Nomenclatural problems
may be resolved as further study is completed; however, this will alter little, the
results of thisR.V.A., since only obvious velocity brecks were correlated and, no
doubt, will be associated with major sedimentary changes.

Isochronal values were computed from the known isopachs and
averoge interval velocities.

This Regional Velocity Analysis will be of value for future seismic

work that may be carried out in this area.

Respectfully submitted,

Ry Gi Walker,
Seismologist.
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PROJECT SUMMARY. Project No. 461
Project LIARD RIVER Contract No. 302
Party No.
PART Ill- = INTERPRETATION
PRINCIPAL GEOPHYSICIST A. E. Pallister SEISMOLOGIST R. G. Walker

NATURE OF PROJECT AND NUMBER OF SHOTPOINTS ANALYZED

Interpretation of Current Field Data None
Interpretation of Past Field Data (See below)
Supervision Only (Field Project)
DATA
No. of
Source?* Contractor=Date S.P.'s Instruments Tope System  Type of Data Recelved
wchosed {Accucate Evn 1t 1376 mis| " Sparker Prints of Sections
Client's” |Velocity Survevs Lid| " "42 Original’and prints'of
Marine Seismic
Seismograms
* Current Data, Client's Data, = Trade Data,  Purchased Data, etc.
COMPUTING
METHOD  nj/A
Base Filter Datum Sea Level Datum Velocity 11,400  ft. /sec.
Depth Conversion Method
R. V. A. Area 6 Velocity Analyses
PLAYBACK SECTIONS
Company N/A
Presentation N/A
Dynomic Correction Function N/A
Static Correction Function N/A
REPRODUCTION Number of Copies Destination
Final Reports 4 3'to Client = 1 to' A.E.P. File
Seismograms
Microfilm
Sections
Tapes
Maps
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