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PART I

EVALUATION

ABSTRACT

The Liard River prospect is located in the Canadi:-
Northwest Territories, some 70 miles north of the British Colur:ia
boundary. The area is of interest, since considerable structure s

known to be present, and porosity and facies changes take place
laterally within the Devonian carbonates. To date, little oil :
gas has been encountered in these environs; however, well con.-:l
is extremely sparse.

In order to evaluate a petroleum and natural gas
permi, several types of geophysical data, which included con-
tinuous marine-borne sparker, correlation water-located seismi:,
and geophysical acoustical logs were analysed. These data we!f.
sufficient to locate major structural anomalies, by extrapolat;r;
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 seiLn,c
data. The control was not sufficient to postulate structural
closure in these anomalous areas. The Regional Velocity Anal H s
indicated the lateral behavior of velocity/rock-units, from
velocity, thickness and transit-time standpoints. The acoustic:
logs also served to indicate the location of numerous formatio-.11
sub-crops.

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

-1-
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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 i'rom a

eef 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 fr om seismograph and sparker data. As a means of

pr oviding 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

Lialci River, up to the Liard Rapids. These methods were used,

since they provide a reduced cost reconnaissance-type control,

utilizing water bodies, eliminating 'file need for a fully-equipped

seismic crew.
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CONCLUSIONS

Four features of interest were mapped from the

geophysical data. The first three, in the lower Liord River,

are indicated to be anHclinal 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 .ts 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 option:.:, 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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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. Ir the areas of

geophysical control, very little sediments are pre/served above

the Slave Point.
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Detracting from the interpietation 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 reconnaissance

analysis are restricted to a structural evaluation, and are

subject to confirmation. Geologic 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, as ndicated

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 bask 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. Pal lister, P. Geoph.
Principal Geophysicist.
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PART II

TECHNICAL DISCUSSION

GEOLOGIC CONTROL

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

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

of Fort Simpson. The project lies on the east edge of the Canadian Col dillera at the

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

Five structural trends are super imposed 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 AI ch - 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 Liard River, within the map area.
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Seven wells have been drilled near Fort Simpson and along the

Liard River; six other wells ate located between Trout Lake and Liard River. All of

these wells wele dly and abandoned except for the Imperial-Sun-Netla No. F-7, which

is a shut-in Slave Point gas well.

South of 610 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 610 north latitude, the Slave Point horizon dips 30 feet per

mile to the southwest, between 600 00' and 600 30' north latitude, and east of 1230

west longitude, the Slave Point Formation dips north at 120 feet per mile. The Mesozoic

et osional surface and formations above it have little dip.

GEOLOGIC SYSTEM

Recent and to Cretaceous
Mississippian - eroskmal
Devonian
Pre-Devonian

TOTAL

THICKNESS
(Ft)

0 - 1700
0 - 2600

1200 - 4700
0 - 500 (estimate)

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 legion. 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 repot t 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 610 north latitude and

120° west longitude, Feature "IB" (see Index Map), appears as a domal structure three-

quarter s of a mile long with 30 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 ( Featur e F.)

A letter by C. Warren Hunt, November 2, 1953, contained in the

Westerol IA 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 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

"Three fur ther 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 por osity was encountered in the Westerol 7A well in the Middle
Devonian
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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
abdve the main rapids. The anticline has a northward dip of about
200 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 11

VELOCITY ANALYSIS

Velocity information for the area was obtained by the integration of

the sonic logs from the following wells:

Murphy-B.O. C. -Muskeg River No. 1 60° 43' 38" N 122° 3' 45" W

Imperial-Sun-Arrowhead I - 46 600 45' 30" N 122° 23'

Imperial-Sun-Netla-Raven F-73 60° 122° 44'

Imperial-Sun-Netla F-7 600 46' 30" N 122° 45' 50" W

Muiphy-B.O. C. -Arrowhead River No. 1 - 600 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 veiocity information was available in tFe area of seismic control.

Mean inteival velocities and isopachs were calculated from control, which is located

south of the project ()lea.

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.

VELOCITY/ROCK-UNIT
AVERAGE AVERAGE
ISOPACH HALF-VELOCITY

(Ft) ( Ft/O. 001 sec)

K.B. - 1000 to Detrital Zone 706 4 . 5

Deti ital Zone to Mississippian 61 4. 1

Mississippian to Wabamun 323 4.6

Wabamun to First Limestone 193 5. 2

Filst Limestone to Second Limestone 878 5.6

Second Limestone to Base of Second Limestone 348 7.5

Base of Second Limestone to Third Limestone 711 5.6

Thii d Limestone to Simpson Shale 137 8. 7

Simpson Shale to Spence Rivet 1672 5 . 7

Spence River to Slave Point 75 6 . 4

Slave Point to Keg River 765 9 . 6

Remainder of Section Not Known

Aveiage isopachs and interval velocities in the Liard River Arca.



In Permit No. 3152, the depth of the Slave Point Fot motion

increases from about - 500 feet to - 1500 feet below sea level and, thus, a gtadient

velocity can be seen on the accompanying maps.

The changes in velocities are in a direct ptoportion 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 No. 3152

and the Liard River.

The "Average velocity and average isopach" table was calculated

f:om 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 isopochs

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 ptedicted to at rive 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 Riuer Foi motion

Intel faces expected to ptoduce seismic leflections.

Due to the fact that the Slave Point Formation was located at a depth

of 407 feet, in the She II-Liat d River No. 2 well, long off-set shooting would not be

tecommended. Thete is a Neely good possibility that, if long off-sets wete used in the

Shell-Liaid River No. 2 atea, left actions instead of teflections will be tecot ded.



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....=1{
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 hol izon picked. The sparker seismic was conducted as a single nearly straight-

I ine traverse. This traverse makes R almost impossible for the interpreter to determine

thiee dimensional geology.

The water seismic was shot with charges varying from 1.1 to 15

'pounds, with a shot depth varying from 2 to 7 feet. The sparker records were

lecolded by towing an electrode 250 feet astern of the survey boat. This electrode is

contiolled 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/lock-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 he useful for any further seismic interpretations in the arca.
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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 intervnl from sea level to the

Slave Point horizon at the Westerol 4A well. A hal f-ve!ocity 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.

At all along isochrons

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 Westerol 4A well and the Westerol-Liard Rapids lA 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 first breaks were checked to see if they gave velocities indlcative

of reflection or refiaction 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 Rive.; No. 2.

Elevation of the Slave Point at this well is 1 215. 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 pr oblems. 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 mops 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 geologic outcrops. These maps were contoured in

har mony 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 str uctural 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 ser;es of tight folds indicated along the river in
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outcrop appear to have north-south trending axes, while the structut es 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 travel se gave the inter-

preter several contour options. The contour option used for this map was one of hying

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 appatently cuts directly across the

permit at ea. 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 futute se;-..k 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 cart ied throughout

the prospect by jump correlations. The reflection times, used to conver t to depth,

were not corrected for normal move-out. Normal move-out was not calculated for the

reason that the off-set dktance 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 r esu I ts.

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 ate 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 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

difference the Bovie Lake Syncline and the Celibeta

Arch

The four th major structure shown on this map is the Mills Lake Ar ch,

which enters the map from the east and trends southwest.

This map summarizes the regional structure on the Slave Point

For motion. 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.
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Maps No. 4A to No. 9C inclusive - Regional Velocity Analysk 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 lepresented 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 iesolved 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.

lsochronal 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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PART III - INTERPRETATION

Project No. 461

Contract No. 302
Party No.

PRINCIPAL GEOPHYSICIST A. E. Pallister SEISMOLOGIST R. G. Walker

NATURE OF PROJECT AND NUMBER OF SHOTPOINTS ANALYZED

DATA

Source*

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

None
( See below)

No. of
Contractor-Date S. P. 's Instruments Tape System T pe of Data Received

. .t ss -r Prints of S ctions

LligntLYelocay,Swy s L tc_s_y I z12 C2riginal anc______

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 Destination

Final Reports 4 3 to Client - I to A.E. P. File

Seismograms
Microfilm
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Tapes
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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 take 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 petroleum 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 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 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 guide future geophysical
exploration.
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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 thefelt d and

Mackenzie Rivers. The permit is 300 miles south-southeast of

Norman Wells, where oil production is being obtaineidrfrom the

limestone member of the Ramparts Formation (Kee Scarp Lime-

stone) of the Upper Devonian.

The major potential reservoir for oil and gas

production illthis area is in the Middle Devonian-Slave Point

Formation, where porosity can be present, 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 wit in Permit No. 3152, and

sparker control was obtained in the navigable part of the
- .

01111"111"1"111"1"17114 d 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.



110.

Acoustical logs in nearby wells were studied

from a geophysical viewpoint, in order fo 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 rr.1:,ping 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 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.
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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 reconnnissance

analysis are restricted to a structural evaluation, and are

subject to confirmation. Geologic 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, as indicated
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 tes ing.

The information available to dote i -not sufficien
*to recommend a test location; however, this evaluation hos

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. Ge7.1,17
Principal GeophysicIst.
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PART H

TECHNICAL DISCUSSION

GEOLOGIC CONTROL

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

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

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

2. Cent:eta Arch - The Celibeta Arch enters from the south, east of the
Home-et ol-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 Mooetain 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 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 Devonian shales and limestones. Quaternary and Recent deposits are present

along the rest of the Liard River, within the map area.
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Seven wells have been drilled near For t 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

Stave Point Formation dips southwest at approximately MO feet per mile. East of 122°

west longitude, and north of 610 north latitude, the Slave Point horizon dips 30 feet per

mile to the southwest between 600 00' and 600 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
(Ft)

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
01110101101001111111101*

domal structures along the Trout River. A location approximately 610 north latitude and

1200 west longitude, Feature "IB" (see Index Map), appears as a domol structure three-

quarters of a mile long with 30 dip up-stream, and 20 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 lA 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 Devonian reef, v.iiich had been sought, was not developed and,
while the well fourid small oil showings in the Middle Devonian, no
substantial porosity was found

"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
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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:

Murphy-B.O.C.-Muskeg River No. 1 600 43' 38" N 122° 3' 45" W

Imperial-Sun-Arrowhead I - 46 60° 45' 30" N 122 23"W
Imperial-Sun-Netla-Raven F-73 600 42' 30" N 122° 44' W

Imperial-Sun-Netla F-7 60° 46' 30" N 122° 45' 50" W

Murphy-B.O.C. -Arrowhead River No. 1 600 50' 22" N 122° 5' 50" W

Briggs-Trout River No. 5 600 55' 03" N 120° 31' 34" W

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

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

Mean interval velocities and isopachs were calculated from ccntrol, which is located

south of the pioject 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 cas 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/ROCKUNIT ISOPACH HALF-VELOCITY-ITT- (Ft/0.001 sec)

K.B. - 1000 to Detrital Zona 706 4.5

Detrital Zone to Mississippian 61 4. 1

Mississippian to Wabamun 12:. 4.6

Wabamun to First Limestone 193 5.2

First Limestcbne to Second Limestone 878 5.6

Second Limestone to Base of Second Limestone 348 7.5

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 Rker 765 9.6

Remainder of Section Not Known

Average isopachs and interval velocities in the Liard 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 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 No. 3152

and the Liord River.

The "Average velocity and average 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 isopochs

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 to arrive from the following velocity interfaces:

Deti ital/Mi ssi ssippian

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 uscd in the

Shell-Liard River No. 2 area, refractions instead of reflections will be recorded.
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A sparker survey of the Liard River was carried out by Accurate

Exploration Ltd., on.Ju ly 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 col relation 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-

I ine traverse. This traverse makes it almost impossible for the interpreter to determine

three dimensional geology.

The water seismic was shot with charges varying from lA 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 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.

At all 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 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 first 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 reel build-up, have been noted in geologic outcrops. These maps were contoured in

harmony with the rcgionol framework.

MAP NO. 1 - ( Slave Point Formation from phantom horizon based on s °raker

Regionally, the map area is located on the southeasi 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 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 shown are compatible with trends indicated

in outcrops along the Liard River. fhe 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 travel se gme the inter-

preter several cuntour options. The contour option usqd for this mop 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 additionol

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 ploy 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 mud' distorted

by the southwest h ending Simpson Arch. This arch apparently cuts directly act oss the

permit oleo. The Slave Point Formation was penetrated at + 215 feet in the Shell-Linrd

River No. 2 well.

The Nose, Feature Four, could be considered 3 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 woik 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 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 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, 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 ore

only approximate, there is a good possibility that closure could exist on the high

1141110P
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 Seisrnogeological Map was prepared from elevations taken from

well control. Its purpose is to show the regional structure on the Slave Point 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 Celibate 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 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 to produce this seismogeological map. 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 Analy)is Mops

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

immor.
_ .._ .. _

comes 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.

lsochronal 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 carriedrrin this area.

Respectfully submitted,

Zee-R. G. Walker,
Seismologist.
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UPPER DEVONIAN (Base of Second Limestone)



OC"te

....REG I 0 NA L I.S.00HRON UPPER DEVONIAN.(Base.of Second Limestone)

11.(.1111.1.ISTER COOSULTHIS LTD
I

TO MIDDLE DEVONIAN (Slave Point Fm)
contour interval 0.020 seconds MAP NO. 78,



REGIONAL HALF-VELOCITY UPPER DEVONIAN.(3ase of Secondlimestone)

11.E.PRILISIER annum LTD. TO MIDDLE DEVONIAN (Slave Point Fm)
contour interval 0.2 feet per millisecond

MAP NO. 7C



tsopAcH DEVONIAN and MISSISSIPPIAN - erasional...TO

fl.E.Pli1.lIST(11 COASUMIS 1.11 MIDDLE DEVONIAN (Slave Point Fm)
contour interval 500 feet MAP NO. 8A,



REGIONAL ISOCHRON

fi.(.191.1.1SIER COEISULTHIS Lit

MISSISSIPPIAN - erosional TO
MIDDLE DEVONIAN (Slave Point Fm)
contour interval 0.025 seconds MAP NO. 8B,



REGIONAL HALF-VELOCITY

11111 0.E.PRI.LISTER COOSUITHATS LTD.

MISSISSIPPIAN - erosional ... .

MIDDLE DEVONIAN (Slave Point Fm)
contour interval 0.1 foot per millisecond

MAP NO. 8C



L....REG.NALIS.O.PACH .

11.E.PIILLISTER COOSULTHITS ITO.

MIDDLE DEVON1AN.(Slave..Point.Fm) TO..
MIDDLE DEVONIAN (Keg River Fm)
contour interval 100 feet MAP NO. 9A,
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REGIONAL HALF-VELOCITY

fl+PRILISTER COOSULTROTS 111.

MIDDLE DEVONIAN...(.5lave..point_Fm) TO...
MIDDLE DEVONIAN (Keg River Fm)
contour interval 0.1 foot per millisecond

MAP NO. 9C



PROJECT SUMMARY

Irmo*

Project
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LIARD RIVER

PART III - INTERPRETATION

PRINCIPAL GEOPHYSICIST A. E. Pallister

Project No. 461
Contract No. 302
Party No.

SEISMOLOGIST

NATURE OF PROJECT AND NUMBER OF SHOTPOINTS ANALYZED

DATA

Source*

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

No. of

None
(See below)

R. G. Walker

Contractor-Date S.P.'s Instruments Tape S stem T e of Data Received
Pitrrkntpri Arrtirn In FY I ifi 37.6 Jnis Sparker

...

Prints of Sections
Original and prints ofClient's Velocity Surveys Ltd 42

Marine Seismic
Seismograms

Current Data,

COMPUTING

METHOD NA

Client s Data, Tra e Data, Purchased Data, etc.

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 Destination

Final Reports 4 3 to Client - 1 to A.E. P. File
Seismograms
Microfilm
Sections
Topes

Naps



EIE VELOCITY ANALYSIS
LOCATION

NAME

R.V. A. AREA
IWORMA71014

SOURCE

LAD. SEC. TV/P. ROE. W. M.
N.W.T. GO° 50' N 122° 45' W

IMP. SUN NETLA F-7

Sonic Log

K B. .2019

T.D. 775

INTEGRATION INTERVAL FROM 1000 TO 7750 TOTAL 6750

FORMATION DEPTH
srhow
K.B.

ELEV.
A.S.L.

1000 +1019

ISOPACH ISOCHROR

IN re 7e WI-
if 144 Two Wrr

7MICI(Niss 7144Z
14he

rip ? SiCi14:04

INTERVAL
VELOCITY
4.w/fowl/

or re Pere reft..,
;J,sI

CUMULATIVE

TWO-WAY

TIME

1620 +399

Miss? 1956 +63

620 0.135 4.e?
0.000

336 0.069 4.9
0.135

Web 2050 -31
94 0.022

Ls 2306 -287
256 0.048

3094 -107a
788 0.142

4.2

5.3

5.6

0.204

REFLECTION,

0
-rime ECALE

INTERVAL VELOCITY
OW A1410 41,0

rvousywur # /xi

6 tt, 14 I.. .4 :4 I:

0.226

n
2 s 3186 -1167

92 0.016

3463 -1.444

5670 -3651

SpR. 6236

Sl.Pt. 6333

Keg R. 7198

Sh 7430

TD(Log) 7750

-4217

-4314

-5179

-5411

-5731

277 0.037

2207 0.366

566 0.092

97 0.014

865 0.091

232 0.022

320 0.039

5.6

7.4

0.274

0.416

0.432

6.0

6.2

0.469

0.835

mi,s13?
-

5 -

L

6.8
0.927

9.5
0.941

10.5

0.2

1.032

1.054

1.093

4

1

- .

1-7
_

_ _ _



5670

SpR. 6236

S1.pt. 6333

Keg P. 7199

Sh 7430

TD(Log) 7750

-3651
2207

-4217

-4314

566

97

-5179
865

-5411
232

-5731
320

0.366 6.0

0.092 b .2

0.014 6.8

0.091 9.5

0.022 10.5

0.039 8.2

COMPUTATIONS AND REMARKS PROTECT NO.

TIE TO S.P. . .. .. SH. moNIP.B.

SURFACE ELEV.

SHOT DEPTH

SHOT ELEV.

EVy

EV2 - S.D.

SURVEY DATUM

ADDITIVE

sl, 1

1 2

Tuh

F vt °D.:
Z v

TO SURVEY TIME

LAO

...........

COPY:4'i CHY PP. 110 "1.74

11+P8LIISTER COI1S11111111TS [IF

;-

-

-
1 .C2

- -

Is _

sop it 1.2 C. It

ffeAvto
ewecato

.
..... .4 " . 0.47, ' I

-



an VELOCITY ANALYSIS
SEG.. TV/P. M.LOCATION

60° 50' N 122° 30' w
NAME IMP. SUN NETLA RAVEN F-73

NREA K,13. 1966
1}4FORMAT{OW

SOURCE Sonic Log T.D. 7959

INTEGRATION INTERVAL FROM lopo TO 7950 TOTAL 6950

FORMATiON DEPTH
gecow
K.B.

ELEV.
A.E.L.

1000 +966

ISOPACH

Wri.SVAL
7MCNAIA,

MI

ISOCHROH INTERVAL

VELOCITY
0.01INAI4p
ael,..41./
414kor

ayer /ore

1695 4.771
695

Det 2037 -71
342

Miss 2096 -130
59

Wab 2546 -580
450

st
2775 -809

229

0.143

0.070

0.014

0.095

0.042

4.8

4.9

CUMULATIVE

TWO-WAY
TIME
.TICONO

0.000 \

4.1ReFLECTION
TIME scALe

foRMATION!

INTERVAL VELOCITY
ON( 0411,

PAIV.1,44,41ra. F. .vrie

4

0.143

4.3
0.213

I S 40 a -

4.7
0.227

5.4
0.322

3615 -1649
840 0.138

3723 -1757
108 0.018

6.1

5.9

0.364

0.502

3978 -2012
255 0.033 7.7

0.520

Simp7

SpR.

SI.Pt.
Keg R.

TEI(Log)

5137

6164

6767

-3171

-4198

-4801

1159

1027

603

0.192

0.175

0.100

6.0
0.553

42-

5.9
0.745

_

6.0
0.920

6874

7636

7950

-4908
107

-5670
762

0.016

0.079

6.8

9.6

1.020

1.036

-5984
314 0.032 9.9

1.115

1.147

3-

iq?

ed

-



UP77,33-
3978 -2012 0.553

1159 0.192 6.0
Simp? 5137 -3171 0.745

1027 0.175 5.9
6164 -4198 0.920

603 0.100 6.0
SpR. 6767 -4801 1.020

107 0.016 6.8
S1.pt. 6E74 -4908 1.036

762 0.079 9.6
Keg R. 7636 -5670 1.115

314 0.032 9.9
TD(Log) 7950 -5984. 1.147

COMPUTATIONS AND REMARKS PROTECT NO.

TIE TO S.P. . SH. M0N./P.5.

SURFACE ELEV.
.

SHoT DEPTH
1

Tu 11

SHOT ELEV.
't

0,

li
1

Eva
v.

r vz
Ev2 -S.D. j I 2 !D j kla

SURVEY DATUNt
KA - LAO

ADDITIVE TO SURVEY TIME

0101M-

. ..........

_ .

rOPV.C/CHT dive

fl+PHLISTER COHSVERIlTS
/Ayr:Immo or

IWICA

-wre
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!ME VELOCITY ANALYSIS

LOCATION

NAME

R.V. A. AREA
INFORMA71014

SOURCE Sonic Log T D. 3931

1.5.D. SEC. TW P. ROE.

N.W.T. 600 55' 03" 120
o

3 ' 34"

BRIGGS TROUT RIVER If 5

K.B. 1,63

INTEGRATION INTERVAL FROM poo TO 3900 TOTAL 340C

REFLECTION
TIME SCALE

PORMAIION!

FORMATION DEPTH
9EZOW

K.B.

ELEV.
A.5.1..

NOPACH

tvreit,AL
THICHA'OSI

11

500 +763
flPr

260
760 503

599
1359 -96

391rd
3 Ls 1750 -487

60
Simp 1810 -547

1768
SpR. 3578 -2315

54'
S.1.pt . 3632 -2369

111
3743 -2480

157
TD(Log) 3900 -2637

ISOCHRON

INrt4s4z.
nvo w4y

riwt

116.7,40:1

IHTEROL
VELOCITY

Af ,..14
. f +rot1 Pr /01

0.063 4.1

0.080 . 5

0.070 5.6

0.009 6.9

0.322 5.5

0 010 5.3

0.015 7.3

0.016 9.7

CUMULATIVE

TWO-WAY
TIME

/1' 314WO.f

0 . 00 0

0.063

0.143

0.213

0.222

0.544

0.554

0.569

0.585

INIERVAL VELOCITY
40 '4C

ren ela 4.4.5 IA. A, :11e.

a to
a to u: la 1111

-

41.

-



I'D( Log ) 3900 -2637
- U11.7 -

0.585

-4;11
*OWNED

111

"=
-

COMPUTATIONS AND REMARKS PROTECT NO.

TIE TO S. P. . SH. P/1014./P. B.

SURFACE ELEV.

SHOT DEPTH

SHOT ELEV.

EVL

EVz - S.D.

SURVEY DATUM ..

K.5. -

ADDITIVE TO SURVEY TIME

clorrAvegr 4/"../1,0

^

-t

-^

fl+PRLLISTER C011SULTHTS
feAtIVID or .

, 6,-" ......... ..(*IC 4Io

et LI h., II :0
"'"..77n*

.ctAre C



VELOCITY ANALYSIS
L.E.D. SEG. TW P. ROE. W. M.LOCATION

60° 0' 22" N 122° 5' 50" W

NAME MURPIff B.O.C. ARROWHEAD RIVER 11

R.V. A. AREA K B. 2078
. .

INFORMATION
SOURCE Son.ic Log

_
T. D. 6669

INTEGRATION INTERVAL FROM 1000 TO 6650 TOTAL 5650

FORMATION

Dot

Miss

Web

st
1 Ls

rd -

3 Ls

Simp

Sp.R

Keg R.

Sh

TD(Log)

DEPTH
Becutv
K.B.

ELEV.
A.s.L.

ISOPACK

tAirlir .41

7ittleKNEAS
rAt

ISOCHRON

1.11rfRv4a
two w4y

JOYDAArt$

1000 +1078
Ft?).

pm.

119 0.027
1114 +964

367 0.091
1481 +597

69 0.018
1550 +528

1,3 0,029
1673 +405

137 0.028
1810 +268

785 0.156
2595 -517

45 0.009
2640 -562

340 0.050
2980 -902

852 0.159
3832 -1754

88 0 .010
3920 -1842

1697 0.302
5617 -3539

79 0.012
5696 -3618

681 0.071
6377 -4299

67 0.007
6444 -4366

206 0.025
6650 -4572

INTERVAL
VELOCITY
..11

I. 46,VAll.,.,4601
CPIP jf,pc

REFLECTION
TIME SCALE

j

:.1

INTERVAL VELOCITY
_

CUMULATIVE Ciett ...41, ., /...d: -2-
TWOWAY

... r......,,,,...,...,....., SIC'

TIME .. 4 el to

0 . 0 0 0 ;
4.3

0.027
4,0

0.119
3.8

0.136
4.3

0.165
4.8

0.193
5.0

0.349
5.0

0.358
6.8

0.408
5.3

0.567
8.5

0.577
5.6

0.879
6.5

0.991
9.6 r-

12.1962
9.3

0.969
8.3

0.994

0 t: 14 -4

2

-^ ^

3: L

-1

r -

;

s

t-1-1
I

t I

t I



rd
LS 3832

Simp

Sp.R

S1.pt.

3920

5617

5696

Keg R.

Sh

TD(Log)

6377

6444

6650

-3539

-3618

-4299

0.010

0.302

0.567
9.5

_ 6
0.577

0.012

0.071

0.007

6.5
9.6

0.879
1

-

0.991

9. a
0.962

311

0.025 9. 3
0.969

0.994

c."

g-
-

-

. I
1

- --7-1 -

K'eq Rr-r2 ',===
. 0"1

COMPUTATIONS AND REMARKS

TIE TO S. P. SH.

SURFACE ELEV.

SHOT DEPTH

SHOT ELEV.

EVz

EV2 - S.D.

SURVEY DATUM

ADDITIVE

v.

f

PROTECT NO.

MON./P.8.

TO SURVEY TIME

LAG

Corrgieh"," /4/4' 40

fl+PELISTER CHIHLI-Nils LTD1
Aft.04Ve Jr -afre

(W1C41.1



ME VELOCITY ANALYSIS
L.S.D. ,SEC. ROE.LOCATION

N..T, 60 43' 38" N 122° 3'

NAAAE MURPHY - BCC MUSKEG RIVER 01

R.V. A. AREA

W. M.

K.B 2)35
INFORMATION

SOURCE Son1:1 Log T.D. 7320_ ..... _

INTEGRATION INTERVAL FROM 600 TO 7.300 TOTAL 6700

FORMATION DEPTH
9EL 0 IV

K. B.

600

ELEV. ISOPACH ISOCHRON

A.S.L. /A' rER VoIL
To% 1441

7N/CleA14,1 sm.f
/AI

rea r .fIC040.1
+1635-1

1000 41235
400 0.100

1374 +861
374 0.084

INTERVAL CUMULATIVE

VELOCITY TWOWAY
TIME 8o 44

14.$ J'Y .1161,440S 8 ;4'3 'f 14 '4. 10 1.2vitt-

'00C;\
f

REFLECTION1
TIME GCAL

FORMATION!

E

I cp-
4,),

Pti

INTERVAL VELOCITY
-4,.

sv rsoolss.os a*

4.0

4 .4

Det 1730

Miss 1785

Wab 2365

lt3t Ls 2522

3296

3367

356 0.082 4.3

0.100

0.184

+505

+450
55 0.014

-130
530 0.127

4.0

4.6

0.266

-267
157 0.032

-1061

-1132

774 0.138

71 0.013

5.0

5.6

.280

0.407

0,439

5.4

3
rd
Ls

Simp

3714 -1479

4550 -2323

4647 -2412

347 0.045

844 0.149

89 0.010

7.7

0.577

0.590

0.635
.

0.784

SpR. 6249 -4014-

S1.Pt. 6300 -4065

1602 0.286

51 0.009

Keg R. 7025 -4790
725 0.074

0.794
5.6

1.080
5.9

1.089
9.13

Sh 7155 -4920

TD(Lotl) i300 -5065

130 0.014 9.6
1,163

0

4 -

"

4 --
'1-'1-*

145 0.018 8.0
.177

.195

=

I.



3714

rd
3 LE 4558

Simp 4647

SpR. 6249

Sl.Pt. 4300

K,ag R. 7025

Sh 7155

TD(Log) 7300

-147-9
-- 844 0.149

-.2323

-2412
89 0.010

5.6

9._

-4614
1602 0.286 5.6

0.635

0 784
-

0.794

-4065
51

-4790
725

0.009

0.074

r 9
1.080

9.9
1.089

-4920

-5065

130 0,014 9.6
1.163

145 0,013 8.0
1.177

.195
-

1

--

COMPUTATIONS AND REMARKS PROTECT NO.

TIE 70 5. P. SH. HO.. ... . . MONIP. B.

SURFACE ELEV.

SHOT DEPTH

SHOT ELEV,

V:
1

SURVEY DATUM

l'uh

z

1

, !V; ea
L

- LAG

ADDITIVE TO SURVEY Ton

11.E.PRLISTER COHN

.

I 10
7, kW/ 4.017 PP.If /4./ot

6 IV 1: 1.1 14, 11 2: :2
14ye

eNICAtio

q11-.



VELOCITY ANALYSIS
L.S.D. SEG. TWP.

LOCATION
N.W.7. 600 50' N 122o

ROE._

15' W

44.

NAME IMP. SUN ARROWHEAD 1-46

R.V. A. AREA K.B. 1905
INFORMATIOW

SOURCE Sonic 1._orl T.D. 7423

INTEGRATION INTERVAL FROM 1000 0 7400 TOTAL 6400

FORMATION DEPTH
eezoiv
K.B.

ELEV.
A.S.L.

1000 +905

1205 +700

Det 1577 +325

Mi

Wab

1637 +266

2003 -98

1st 2189 -284

2
ndLs

2968 -1063

3074 -1169

3346 -1441

3
r Ls 4104 -2199

S HID

SpR.

4415 -2510

6078 -4173

6142 -4237

Sh

6935 -5030

7080 -5175

TD(Log) 7400 -5495

ISOPACH

MOIRVAL
7MCNNIes

ISOCHRON

moil.
Two. W4I"

Tour

/le 7' SICOVIM

205 0.045

372 0.084

GO 0.015

366 0.077

106 0.036

779 0.133

106 0.019

0.035272

758 0.133

311 0.034

1.663 0.279

64 0.010

793 0.062

145 0.015

320 0.040

INTERVAL

VELOCITY

0, el /SIC

4,1.REFLECTIom
TIM e SCALE

INTERVAL VELOCITY
CUMULATIVE wit N4v, .1
TWO-WAY

TIME 4

IvAredwPS I 00 to

/*/ /YesPi).r*.il( Lv

4.5
0-000

4.1

4.7

0.045

0.129

0.144

)43

A3 2:

(

5.2

5.9

0.221
-

0.257

5.6
0.390

7.9
0.409

%al

Lr

5.7

9.2

6.0

0.444

0.577

0.611

C.2

9.7

0.890

9.7

0.900

0.992 31,4

8.0
0.997

1 037

.1I

^

-if--

IS-



-11/0115011.--
rd

3 Ls 4104 -2199
758 0.133 5.7

0.577
311 0.034 9.2

Simo 4415 -2510 0.611
1663 0.279 6.0

spR . 6078 -4173 0.890
64 0.010 6.2

81.1n. 6142 -4237 0.900
793 0.082 9.7

Keg R. 6935 -5030 0.982
145 0.015 9.7

Sh 7080 -5175 0.997
320 0.040 8.0

TD(Log) 7400 -5495 1.037

3

V414 61ilr-

COMPUTATIONS AND REMARKS PROTECT NO.

TIE TO S. P. . ....... .... SH. .. . MOIVP.B.

SURFACE ELEV,

SHOT DEPTH 1 Tuh

SHOT ELEV. 1

f, .,..

H

1

2 %

EV2. I v, 1

EV2 - S.D. I
V:

1

SURVEY DATUM 1

LAG

ADDITIVE TO sultvEy TIME

10

C1101:4'ICHY .,04 III 1: 14

11.E.PRLISTO1 CORSETIIRTS eNOCAIJ

tfr


