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1.0

GULF CANADA RESOURCES INC.
WILLOW RIVER COAL PROSPECT

SUMMARY
l.1 LOCATION

The Willow River Prospect 1s comprised of three
non~contiquous blocks of Coal Licences_centeréd approximately 50
km southeast of Prince George, B.C., lying between 53° 30" &
54° 00’ north latitude and 122° 00’ & 122° 30’ west longitude
{see location map, Figure 1, overleaf). In total, 63 coal
licences encompassing some 15,759 hectares are controlled by Gulf
Canada Resources Inc., with licence renewal anniversary dates of
July 1 for c¢ocal licences, 6431 to 6491, inclusive and 6866,
6867.

1.2 GEQLOGY & LICENCING STRATEGY

The licences comprising this prospect were. acquired during
1980 largely owing to their proximity to the Bowron River coal
deposit. Availablé literature concerning the Bowron River
deposit suggests that the Tertiary coal basin is preserved by
pre=~-glacial structural conditions and the Gulf licences were
acqguired bhecause of the possibility for the existence of
heretofore undiscovered extensions to the Bowron River deposit or

isolated structures of similar origin.
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Bedrock within the licenced areas is usually cbscured by a
thick mantle of Pleistocene to Recent glacial deposits comprised
largely of gravels and sands with minor lacustrine c¢lays and
silts. Preliminary field reconnaissance of the area prior to
acquisition eliminated from licencing those 1locations where
bedrock older than the coal bearing sediments could positively be
identified. Field mapping during 1980 further defined those

areas most favorable for coal exploration.

A simple reconnalssance gravity survey was conducted hy
Ager, Barretta and'ﬂgésociates Inc. at the direction of Gulft
Canada Resources Inc., across five lines within the two southerly
licence blocks, during February, 1981. This survey defined the
limits of an alluvial basin in one instance and the eastern limit
of an apparent basin in a second instance. The models develcped
for the gravity anomalies showed a possibility for coal seam
development beneath glacial deposits and three of five drill
holes were targeted for these potential seams. No gravity survey
was performed across the northernmost licence block, but its
proximity to the western limit of known coal bearing licences and
the presence of a regional trending topographic low through its

centre made it the target for the two remaining drill holes.

1.3 1981 EXPLORATION RESULTS

During nineteen days commencing May 4, 1981, exploration
drilling accompanied by field mapping was carried out on the
Willow River Coal Properﬁy. In total, five holes totalling
1015.62 metres were successfully completed with one hole
totalling 67.0% mctres having to be abandoned and re-located

because of severe gravel conditions. Two 1.5 metre bedrock
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cores were taken at two separate locations. Geophysical logging
was attempted for all holes, with the successfully logged

intervals totalling 728 metres.

No coal occurrences were encountered during the exploration
program. The low gravity anomalies were determined to have
resulted from thick accumulations of unconsolidated gravels and
sands of probable Pleistocene to Recent age. Up to 115 metres of
such deposits were intersected. Bedrock below the gravels
consisted largely of argillaceous, carbonaceous limestone, and
dark grey to green égéy basalts, tentatively correlated with the
Mississippian Slide Mountain Greup, and older than the prospect

Bowron beds.

The 1981 Exploration Program was of insufficient detail to
absolutely eliminate the existence of cnal within the Gulf Willow
River licences. Drill hele placement was such that the potential
for coal tonnages sufficient to substantiate economic

exploitation is virtually non-existant.
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u ‘ 2.0 INTRODUCTION

OBJECTIVES

The Gulf Willow River Coal Licences were acqulired
in 1980, on a speculative basis, with the intent 'of
possibly discovering an extension or a structurally
preserved correlative to the Bowron River Ceoal Field.
Field mapping was undertaken during July, 1980, under the
direction'of Dr. J. Hughes, Consulting Geologist, and with
operational personnel of John Innis, Gulf Geologist in
charge, and John Stockwell, Consulting Geologist.
Management of the Willow River Project has heen tﬁe
responsibility of B.P. Flynn, Supervisor Regional

Exploration.

The 1980 field mapping program identified the two
most southerly licence blocks as those most favorable for
preservation of the Bowron Beds. A gravity survey,
commissioned to Ager Barretta and Associates Inc., was
undertaken across five lines within the two southern blocks
during February, 198l. This survey defined the limits of
an alluvial basin in one instance and the eastern extent of
an apparent basin 1n a second instance. The models
developed from the survey showed the possibility for thick
coal accumulations underlying the drift mantle (zec

Appendix IV ~ Gravity Survey -~ for details).

The objectives of the 1981 Exploration Program were
to assess, by drilling, the potential for economic coal
seam development within the Gulf Licences. Particular
emphasis was placed in those areas where the gravity survey
had indicated alluvial basin potential. additionally,

field mapping was to be continued.
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LOCATION

. The Gulf Willow River Coal Licences are comprised
of three non-contiguous licence blocks, totalling 63
individual licences covering 15,759 hectares, and located
within approximately sixty kilometres south and east of
Prince George, B.C., and within twelve kilometres west of
the Norco Resources Ltd. Bowron River Coal Licences. (See

1:250 000 Location Map, Appendix VI}.

COAL LICENCES

The 63 coal licences are numbered 6431 to 6491
inclusive and 6866, 6867. Annual licence renewal dates of

July 1 apply in all cases.

OWNERSHIP

G.C.R.I. ~ 95%

Dr. J. Hughes - 5%

ACCESS

Access " to the Gulf licences 1is wvia gravelled
logging haul roads emanating from Highways 16 and 97.
Highway la transects the northern licence hlock
approximately 45 km east of Prince George, and access to
the licences is gained along logging haul roads emanating
south from the Highway at about 50 km and north cf the

Highway at about 52 km. Drill site 3 is about 0.5 km south



of Highway 16 at 50 km. One logging haul road originating
at Giscome, emanating south from highway 16 immediately
east of the Bowron River Bridge crossing and turning north
at the underpass, approximately parallels the Bowron River
and provides access to drill site 4 and that portion of the
licence block lying north of the river via an overgrown
dirt-haul road at km 58 from Giscome. A washed out creek
crossing prohibited access to the northwest porticon of this
licence block during the course of 1981 exploration. The
central and southern licence blocks are most readily
accessed by fci&owing highway 97 south from Prince George
to the amber flashing light at approximately 14 km marking
the intersection of the highway with the Willow Forest
Road. Access then proceeds east and slightly south along
the Forest Road to the Willow River bridge crdssing at km
41.5., The central licence block is accessed by crossing
the bridge and continuing to km 49 where the east fork
leads to drill sites 1, 2 and 2 . Access to the southern
licence block continues south from km 41.5 to about km 46
then east across the Willow River. Drill site 5 is at km

54 along this southerly route.

The Forestry roads within the Gulf Licences serve
as haul roads for timbering operations centered at Prince
George and are well maintained during those periods when
logging is active. The roads are constructed of packed
gravels and sands so are well drained and passable even

during extremely wet periocds.



3.0 EXPLORATION
3.1 INTRODUCTION

Exploration of the Willow River Coal Licences has

taken place in three distinct phases:

i) field mapping during 1980;
ii} gqravity survey during Feh., 1981;

iii) 1981 drill program.

The results of phases 1) and 1i) are briefly
summarized in section 3.2 - Geological Mapping and 3.3. -

' Gravity Survey. More detailed accounts can bhe found in
Appendix III -~ J.E. Hughes Reéports and Appendix IV -
Gravity Survey Details of the 1981 drill program are

included as Section 3.4 - Exploration.

3,2  GEOLOGICAL MAPPING

The results from field mapping carried out during
July, 1980 were enough to elimirate areas of little or no
promise for coal development. The geologicél map produced
from this reconnaissance serves as the Geological Base Map
appended to the present report, and helped in selecting
those areas most favorable fOr‘the gravity survey and for
exploration drilling. Complete details of the program are

included as Appendix III.



No changes to the 1980 field program resulted from mapping
carried out in conjunction with the 1981 exploration
program, but two bedrock exposures additional to those
previocusly mapped were found and have been added to the

Geological Base Map.

GRAVITY SURVEY

The 1980 field mapping proygram indicated a lesser
likelihood forxthe northern licence bleock to be underlain
by Bowron Beds than for the central and southern licence
blocks. The gravity survey, commissioned to Ager Barretta
and Associates Inc., and performed during February, 1981,
was therefore confined to the central and southern blocks.
In total, five survey lines were run across the two licence
blocks with spacing between the lines of two to two and one
half kilometres for the three 1lines within the central
block and two kilometres for the two lines within the
southern block. Station intervals of 50 metres were used
throughout and a total of 583 stations along 28,950 line

kilometres were recorded.

Interpretation of the gravity data identified the
limits of an alluvial basin within the central licence
block. Within the scuthern block, the eastern limit of a
possible alluvial basin was identified. Several models
were developed to explain the gravity profiles recorded,
based on average rock densities of 2.8 grams per cc for
country rock, 2.0 grams per cc for alluvial material and

assumed density of 1.65 grams per cc for coal.



The most favorable model showed 50 - 60 metres of alluvial
material overlying up to 60 metres of coal near station

2800 on the centre line through the central licence block.

An alternate model for this same locale showed 150 - 200
metres of alluvial material. It was suggested that
drilling in this locale "... would vyield sufficient

information to explain the gravity response and further
evaluate the probability of a significant coal deposit in

the aredsses.

1981 EXPLORATION

' The 1981 Exploration Program was undertaken to
investigate, by drilling, the potential for economic coal
deposits within the Willow River Licences. Approximate
drilling locations were selected within those areas where
the previous field mapping and gravity survey had indicated
most favorable targets. Additionally, the use of the
gravity survey as a method of initial reconnaissance for
helping to locate potentially coal-bearing sedimentary
basing was to be checked. Actual drill locations were
slightly modified within the northern lease block in
response to available surface access conditions Cand o
rumors as to the mdst favorahle areas for locating an

extension to the Bowron River coalfield.

Concurrent with the drilling operations, geological
reconnaissance for bedrock outcrops additional to those

previously mapped was undertaken to further refine the

geological mép.
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EXPLORATION EQUIPMENT

A model TH-60 Cyclone drill, equipped with
a casing hammer and capable of operating with
either air or water, was rented from Can-West
Prilling Inc. of Box 1209, Prince George, B.C. The
drill was operated on 2-12 hour shifts per day and

used the following as associated and support

equipment:

et

i} 1500 ft. (457 m) 3-1/8" o.d. drill rods
in 20 ft. lengths;
ii} downhole hammer;
iii) 6" o.d. surface casing with wall
thicknesses of 188,280 and 377 mm, 1in
20 ft. lengths;
iv) 2 ~ 4 wheel drive 3/4 ton pickups;
v) combination water/service truck with
approximately 500 gallon capacity;
vi) all necessary bits, subs, tools and

equipment.

Century Geophysical Corporation, "Calgary.
was employed to provide logging services consisting
of Natural Gamma, Gamma-Density, Resistivity and
Caliper. A five foot diamond triple-tube core
barrel, yielding approximatley 2-7/8" diameter core
was rented for a portion of the program. Gulf
personnal rented two - 4 wheel drive 3/4 ton
pickups, for daily transportation to the program
and omployed a Bell 206 Jet Ranger helicopter for

three hours reconnaissance.
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EXPLORATION FERSONNEL

The program was carried out under the
supervision of Mr. B.P. Flynn, Supervisor Regional
Exploration, Gulf Canada Resource 1Inc. Field

personnel included:

G.W. Jackson - Consulting Geologist and
Field Manager.
Ali Rahmani - Geologist, Gulf Canada
e ' Resources Inc.
Ajit Vora - Project Accountant, Gult
Canada Resources Inc.

Consulting Geologist

Dr. J.E. Hughes

hccommodation for all out of town personnel

was obtained at motels within Prince George.

RESULTS OF 1981 EXPLORATION

A total of six holes were attempted at five
different sites (see Drill Hole Location Map,
Appendix IV for hole locations). One hole, 2,, had
to he abandoned at 107.9 metres depth when the
G.188 mm wall thickness casing collapsed due to
excessive gravels. This hole was skidded to
location 2 and successfully completed using 0.280
and 0.377 mm casing. In total 1082.687 metres of
drilling was completed, including two L1.5 mebtrne

cored intervals.

_13 -



Drill cuttings, representative of each
twenty foot interval, were collected and retained
for each hole. The cinttings were wvisually
described by on-site geologiéts and form the basis
for the drill litho-logs included as Appendix I.
Additionally, interpretative descriptions of the
drill cuttings and cores have been prepared by Dr.
J.E. Hughes for those drill " sites visited by
himself. Dr. Hughes notes are included as Appendix
IT.

The two cores were also retained and
visually described by the on-site geclogists.
Positive age identification of the rocks could not
be made on the basis of wvisual description, but
pre-Tertiary ages are interpreted in all cases.
Micropalecontological studies of the core from
WR-RDH-2 might positively identify the age, if such
determination is deemed necessary. all cores and
drill cuttings samples were shipped to Calgary and

are temporarily stored at Gulf's facilities.

Attempts to geophysically log the drill
holes encountered difficulties at locations liand
2. At location 1, severe sloughing conditions in
weakly consolidated (Recent?) siltstones were
encountered by the drill immediately below the
surface casing. Attempts to log beybnd this peint
were .unsuccessful, even after reaming and heavy
foam injection. The logging unit was not equipped
with a slimline tool, so no log could be run

through the drill stem. After six hours reaming



and attempting to log, the hole was abandened. At
location 2, bridging of the hole had occurred at
128 metres. Attempt to ream through the bridge and
open~hole log were not successful. The slimline
tool was ordered after hole 1, and was run inside
the drill stem for all but the bottom 19 metre
interval at hole 2. Open hole logs were obtained
to the bridge. No logging was attempted at hole 2
because it had been abandoned prior teo reaching the
overburden/bedrock interface. No logging problems
were encountered for the remaining three drill

holes.

Helicopter veconnaissance of the licences
was undertaken to check access, particularly in the
southern block, to check for bedrock outcrop
additional to those previcusly mapped and to
investigate the trend of drilling patterns on
licences adjacent to Gulf's as a possible aid in
locating an extension to the Bowron River Field.
Access routes  spotted from the air were
ground-checked and proved to bhe impassible by
exploration equipment, One area of outcrop was
spotted between the northern and central licence
blocks. Ground-checks showed this to be of
pasaltic composition (Mississippian - Slide Mtn.).
The driiling pattern of Norco Rescurce Limited was
difficult to trace through numerous logged over
areas, bhut appeared to follow a northwest -
southwest grid pattern with no obvious correlation

to the Gulf Licences.



Field traverses undertaken while drilling
was in progress vyielded only one new outcrop
(limestone, tentatively Jurassic} within the

central block.

No coal was encounfered during the course
of 1981 exploration. Unconsclidated overburden
deposits up to 115 metres were penetrated and are
considered to be the probable cause for the
anomalously low gravity responses. Whereas this
exploration program couléd not verify the accuracy
of reégknaissance gra?ity surveys as an aild to
locating coal deposits, the gravity method was
proven to be useful in lecating areas yielding low
gravity responses by virtue of abhormally thickened
alluvial deposition. This use could be beneficial
in eliminating areas of non-coal potential from
further Programs . The use for detecting
coal-bearing areas will be hampered whenever thick

drift deposits are present.

RECLAMATION

The six drill sites were left with
approximately 0.5 metres of casing protruding from
the ground, and with drill cuttings stacked to
about the same height. Reclamation will consist of
cutting off the casing below ground level, capping
the hole, spreading the cnfttings and possibly
seeding the areas. No clearing was performed in
conjunctien with this program nor was any extensive
environmental damage apparent to the field

exploration personnel.



GEOLOGY

The heavy cover of alluvium and drift, with only scattered

“outcrop occurrences, makes structural and stratigraphic

correlations across the Gulf licences virtually impossihle. As
previously noted, micropaleontological evaluation of the 4drill
cores might allow positive age identification. The geological
map produced in conjunction with previous exploration is
considered occurate and has been updated with the fesults of 1981
field work. All bhedrock encountered by drilling is tentatively

described as pre-Tertiary.

The stratigraphic c¢olumn constructed for this report
{Figqure II}) was accumulated from a study of various other
reports, papers etc., and shows both the regional stratigraphy

and that interpreted from 1981 drilling.



RECOMMENDATIONS

The drilling pattern, together with badrock determinations
virtually eliminate the possibility for ecconomically ecxploitabie
coal deposits within the Willew River Licence area. It 1is

therefore recommended that these licences numhered 6431 to 6491

‘inclusive and 6866 & 6867 not be renewed at the next anniversary

date of July 1, 1981. The appropriate B.C. Provincial Goverament

officials in Victoria should be notified.

!‘4~'
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APPENDIX I

DRILL CUTTINGS & CORE DESCRIPTION

LITHOLOGY LOGS
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WR-RDH-1

DRILL HOLE:

LOCATION: Lat.
Long.

DATE: May, 1981

INCLINATION:

GEOPHYSICAL LOGS:

LOG INTERVAL:

" FROM"

0

42.5
55

67

73

103.5

213

53¢
122°

Vertical

No logs run.

PROPERTY: Willow River

ELEVATION: 839 m

HOLE SIZE MAX.: 13.3 cm

Hole badly caved at 73 m.

No slimline tool with logging unit.

'IrI\O"

42.5

55.

67

73

103.5

213

238

DESCRIPTION

{OB} sand and gravel increasing
grain size with depth from med-sand

" to coarse sand-pebble >»L/16 ~1/2"

color darX green when wet.

Clay, dark grey. Color dark green

when wet.

Fine silt and clay, dark grey and
green grey. Color tan when wet.

Silty clay with quartz wveins well
oxidized. Dry grey siltstone white
quartz

Dark grey siltstone, slightly
calcareocus, less quartz than above
more calcareocus, no gquartz with
depth.

Siltstone, dark grey. Calcarecus -
partly calcareous with depth,
Siltstone medium grey with calcite
veins preent calcite decreases with
depth,

Interbedded siltstone and
claystone. Siltstone-medium grey,
reacts with HCL

Claystone well oxidized, rusty
color.

With depth, interbedded claystone
and fine sandstone, weakly

calcareous.
claystone, oxidized.
sandstone medium grey



DRILI, HOLE: WR-RDH-1 _P_RQ_PERTE: Willow River
LOCATION: Lat. 539 45~ ELEVATION: 839 m

Long. 122° 06
DATE: May, 1981 s HOLE SIZE MAX.: 13.3 cm

INCLINATION: Vertical

GEOPHYSICAL LOGS: MNo logs run. Hole badly caved at 73 m.

No slimline tool with logging unit.

LOG INTERVAL:

. "FROM" "To" DESCRI PTICE

238 _ 262 (TD)_ﬂw. Limestone, argillaceous, medium
grey, fine grained, strongly
calcareous. Minor ironstone and

sandstone, fine grained.



DRILL HOLE: WR-RDH-2 PROPERE{: Willow River

LOCATION: Lat. 53° 46+ ELEVATION: 854 m

Long. 122°¢ B7-

DATE: May, 1981 C HOLE SIZE MAX.: 13.3 cm
INCLINATION: Vertical

GEOPHYSICAL LOGS: Gamma, Density, Caliper, Resistivity,

Gamma—Resistivity.

LOG INTERVAL: 261.2 m

"FROM" : "TO" GESCRIPTIQE

0 . 71.5 Gravel and sand
6" pipe 300/gal/min.

71.5 ' 79 . Siltstone medium reaction with HCL
Graphite present (carbonaceous)

79 100.5 - Siltstone, carbonaceous, excessive
amount of graphite present

100.5 : 134 Limestone, Argillaceous,
carbonacecus,
Light grey. Graphite content
decreases from 100.5 - 134 m,
reaction with HCL is medium.

134.0 280.5 (TDb) As  above, limestone with minor

shale. Shale is micaceous platey,

fissile, dark grey and shows

no

reaction with HCL, slightly

graphitic.

Calcite veins present and increases

with depth.
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DRILL HOLE: WR~RDH-2 PROPERTY: Willow River
LOCATION: Lat. 53° 46+ ELEVATION: 838 m

Long. 122° 07+
DATE: May, 1981 HOLE S1ZE MAX.:

INCLINATION: Vertical
GEOPHYSICAL LOGS: Not run, hole abandoned

~ LOG INTERVAL:

"FROM" "Ton ‘ DESCRIPTICHN.

o 107.9 m (TDY Gravel and sand. Casing collapsed
from excessive pounding.
abandoned, skid to location 2.
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DRILL HOLE: WR-RDi-3 PROPERTY : Willow River
LOCATION: Lat. 53° 62+ ELEVATION: 762 m

Long. 122° 06-

DATE: May, 1981 HOLE SIZE MAX.: 13.3 cm
INCLINATION: Vertical

GEOPHYSICAL LOGS: Gamma, Density, Caliper, Resistivity

Gamma-Density

LOG INTERVAL: 245 m

"FROM" nrTor DESCRIPTIQE
0 3.5 ~eel Overburden gravel and sand
3.5 79 . Limestone, argillaceous, dark grey,

hard, carbonaceous streaks

79 201 As above, limestone with calcite
content increasing about 15-20%
Occasional pyrite
See core description 85.5-87 m

201 245 (TD) aa limestone, light- - grey, carbon
content decreasing

Core Description
85.5 87 Recovery 100%

Limestone, argillaceous, dark grey
to bhlack

Broken stick with 1.2 cm toe 10 cm.
pcs., average ahout 5 cm

Calcite infilling both vertical and
sub-parallel to bedding

About 50% calcite in c¢rystalline
form at 71.12 .cm to 83.82 cm.
Vertical calcite joint about 3 mn
thick at 124 to 142 cm.

Very carbanaceous to graphitic
along fracture planes
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EB;LL HOLE: WR-RDH-4 PROPER?!: Willow River

‘-) LOCATION: Lat. 53° 64+ ELEVATION: 717 m
Long. 122° 03 '

DATE: May, 1981 HOLE SIZE MAX.: 13.3 cm

INCLINATION: Vertical
GEOPHYSICAL LOGS: Gamma, Density, Caliper, Resistivity

LOG INTERVAL: 69.6 m

"FROM" " TO" DESCRIPTION
0 6 : 7 Clay & rocks, brown
6 24.5 o Sand or finely ground bedrock,

chips of dark qgrey, finely
crystalline non calcareous rock

! {basalt)
|
b ' .
24.5 36.5 Dark grey, finely crystalline
hasalt,
: Fragments of hlack (aphanitic}
‘ shale

Trace amounts of calcite

| U 36.5 67 Grey-ygreen hasalt, finely
! . crystalline, minor calcite probably
veining.

CORE DESCRIPTION

67 69.6 (TD) Recovery 100%
Very fine crystalline basalt,
calcite veined, minor bhlack
fragments, aphanitic inclusions
(possibly silicified shales}.
Minor pyrite along shear planes.



(bl Lot a3

DRILL HOLE: WR-RDH-5 PROEEBEX: Willkinw River
LOCATION: Lat. 53° 40- ELEVATION: 899 m

Long. 122° 09+
DATE: May, 1981 HOLE SIZE MAX.: 13.3 cm

INCLINATION: Vertical

GEQOPHYSICAL LOGS: Gamma, Density, Caliper, Resistivity,

Gamma-Density

LOG INTERVAL: 152.2 m

"FROM" ) " TO" DESCRIPTIO}i
0 109.5 Gravel and sand

Abundant pyrite

109.5 122 Dray grey limestone
Non-carbonaceous
Minor pyrite and quartz

122 _ ‘ 134 Grey shale, slightly carbonaceous
Non-calc. except in calcite veins

134 152.5 (TD) Basalt, dark green & black.
Quartz & chert cutting. Chert
Quartz-white to milky. Chert-green
and tan?



APPENDIX IT

NOTES ON DRILLING AND EXPLORATION,
J.E. HUGHES



CWILLOW PROJECT:  DRILLING

Note on Drilling and Exploration: Mav 1981: A summary of

nobservations from field visits

Drill Hole 1

Cuttings of bedrock available for inspection, include shales -
argilites, si]tstones,.sandstones, - and {7) some calcareous shales
and limestones. No cores; and coring tools not available.

Drilled section is pre-Tertiary.

Brill Hole 2

Cuttings of bedrock: argillites, siltstones, sandstones very fine
grained, dark greyﬁ calcareous shales, and limestones, black, and
graphitic shales (or ?_schists) notable, forming much of the lower part. -
No cores obtainable; two attempts failed to rgach bhottom.

Cavina and bridging in lower part of the hole can be referred to a low
density zone recorded on the gamma-density log. This and other |
similar record, probably and represents a fault with graphitic, and
carbonaceous gouge developed from the black limestones and shales.

The dritled section is Pre-Tertiary.

Drill Hole 4: Vama Coal Licences

Drill cuttings of bedrock of greenstone. The core from the basal

5 feet, is similar and representative of the drilled section.



~Core No. 1. Altered basalt ( - greenstone or basalt of this aspect):

aphanitic and partly very fine crystalline (? with fresh recrystallized
felspars}; core broken, scme shears with chlorite surfaces, some

calcareous veining.

The drilled section belongs to the Antler Formation, Slide Mountain

‘Group; Mississippian & ? part Devonian,

Drill Hole 3

Drill cuttings from the lower part, includes shales - argillites,
siltstones, ca]carepu; shates and 1imest6nes very dark grey to

black. Core Mo. 1, - 5 feet: 1limestone, biack aphanitic, very
cafbonaceous, sooty: core broken some shears with graphitic streaks;
tension gashes filled with calcite veining. The drilled section is

Pre-Tertiary.

Stratigraphic references for Drill Holes 1, 2 and 3 are generalized.
Similar lithic tvpes are reported from the Hadrynian - Cambrian,
Gevonian (?) - Mississippian, and Triass{c sequences. Micropalasoutoloay
may be useful for datings.

The basatt (greenstone) of Drill Hole 3, of the Slide tountain group,
Drill Hole 3 is part of the major trend of this outcrop. in‘

Cariboo Mountains.

9*{:_’. l l-‘L 1_._\‘5(.{._1,
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FIELD SUMMARY REVORT:  JULY, 1930

COREVORD

The Willow project éomprehEnds the search and
exploration for Lower Tertiary coals, - the corralnipves
of the Bowron coalfield.

The field work for Ihe profject, Juby  3erd 5
2.-'}th was'direclted to the qaeology of lquh, i,
and Vama coal | “CE}I;SCES, and to siratigraphy, prospectiag,
and reconnaissance of Ithe NPitoney Lake s ¥ionsa
Creek, Map Areas 93C/9 and 16, Figurez 1 andd 2.
The report desqr‘ibes the results of field work in sumieary
form to.intmduce a basis for (he design of  erpleraiion
and drilling.

This second edition of the Report of Progress l980.,
has been edited with few revisions. | There iz onse
change Hal th;s.- stratigrapﬁic placement of woleanic
beds of the westerly outcrops.

Al stratigr‘aphic refe;‘ences are tentative, subjoct

to confirmation by further studies.



TERRAIN

The Wansa and Pitoney areas include the northwest
termination’ of the Cariboo Mountains, and its surrounding
uplands and plains which make a transition to the
lowlands of the Fraser Valley on the north and east.

The Caribeo Mountains are reduced to hitll ranges

of broken forms, represented by  outhiers of Mount
Bowron and Spring Mountain on the west, and the
hills grouped about Mount George on  the east. The

uplands of low hills, plateau and wvalley forms occupy
the middle ground, to elevations of 3 500 feet. They
declin.e nerthward to a plain of 2 500 feet =elevation
with fe.w fow hills, and merge with the valley plains
of the Fraser River.

Extensive gtacial deposits cover the uplands
and plains. The drainage was superimpased on the
glacial 'dr.ift, and collected by the Bowron and Willow
Rivers which follow ‘Incised vailleys 100 to 250 feet
deep. The terrain is .thickly forested, the northern
plain  more diversified by open scrub  and muskeg
art low ground and swamps.

Much.of. the areas of the coal licences are
logged by open cuts, mostiy of the last .five years.

Forestry and logging roads provide good access -and



a network of trails. The prevalent subsnil of sands

and  gravels are well  diained and allow use in ‘wet

weather. Muskeg and swamps lack roads and trails,
and may impede working in ' parts of the Vama group
of coal licences, The roads and trails and the terrain

showld allow economies in first and sulisagquent explora-

tion and drilling in most of the area undor ceal licences.

STRAT IGRAPHY

Bedrock of the Wansa and Pitonsy areas caﬁ
be assigned a stratigraphic range, Hadryinian to
Triassic; the subsequent intrusions INZETA cmplaced
probably in the lurassic — Cretaceous.

Lower Tertiary beds, th.e Bowron coal measures,

the objective of exploration have pnot  been found.

Upper = Tertiary wunits (G.5.C., Map 49 -~ 1950, 93G)
are in question, anrnd require confirmation. Pleistocene
deposits cover most of the bedrock in theo coal licences

and Su-r‘r;oundings-

Exposures of bedrock are few, and dispersed
atong parts of the Willow and Bowron Rivers, and
in  road cuts, They are not enough to obtain a

comprehensive view of the stratigraphy o to deternine
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structura, This lémitation is more complicatad by
similar sequences of clastics and carbonates in  lihe
Hydryntan, Mississippian and Triassic SUCCOSSion, .

and repeated wvoilcanism of the Mis;sippian and Triassic.
No fossil sequences haQe been found.

Field work allows stratigraphic assiaiinimids
of only generalized nature, depending on  judounont,

and descriptions of published reports.

HADRYNIAN - CAMBRIAN: KAZA and CARIBOO GROUPS

The observed lithic types include shales, corbon-

aceqaus shales, argillites, siltstones, sandstones, «tules,
phyitites and schists. Phyllites and clastics ocour
together in interbedded sequences. The schists inciude

.iight coloured, «qreen or brownish types of recrystallized
muécovite and quartz, and lesser gr‘aphitic,. micaceous
schists, and few chlorite-tale schists., One trend
of phyllites. with  graphitic, and mica schists and
carbonacecus shales camn be followed along the west

Slope.s of the Willow Valley frem George to Jerry Creek.
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MISSISSIPPIAN:  SLII'Z MOUNTAIN GROLP

This unit is identified by the basalts, greenstones,
and cherts 'of the Antier Formatioﬁ. The basalts outcrop
in Box Canyon  in the porth part of the Vama group
of coal licences, ancd the slopes of  Mount .Bowr‘on.
To the. southeast, they underlie the Bowron coal measures.

The basalts are dark greon, aphanitic ér fine
crystalline; and: massive ar hrecciated in par*té.

They tend to be altered; some degree of chloritization

with epidote and calcite is  common, adiobrecciation

is ffequent, in places; a fe».v pitlow structures are
noted. Qther lighter coloured lavas of felsie, whitish,
microcrystalline alizration and aspect are referrad
to the Mississippian, (localities, -~ Willow River,
Lat. 53°53' - Wansa Creek, Lat. 53"49'): but a possible

Triassic age may be noted.

Greenstonas of adjacent areas show a feited

matrix of chiorite and feldspars. The chert is massive,
structureless and unbedded, of wuniform grey colour
and tt;:)lctur-e. Some shalés, sandstones, and conglomerates
in proxi'mity with volcanics have been included in

the Slide Meountain group.



TRIAS5IC:  TAKLA GROUP

The sequence of rocks ascribed to the.Tr-iassic.
of the Cariboco region includes wvolcanics, carbonates,
and clastics. Takla beds outcrop in areas west of
the Willow River (Tipper 1960).

Exposur;r: of phyiltites, and shales, silintones
and sandstones casi of .thc: Willow River, desaribed
as Fre-Cretacaouc without stratal assignments, = may
betang to the Takhlr;'.:: Group. Some of this ground was
shown as Triassic (Tippar 1960}, Cther Vriassic outcrops
are showr;x along the Bowron River in the area of the

VVama coal licences {ibid.}.

TRIASSIC — JURASSIC (?)

Shales founhd northeast of Wansa. Lake are regarded
as possible Upper Triassic - Jurassic in age. They
are very dark grey to black, of dull appearance.

The shales are of uniforrn'type, notably carbonacecus

without any plant debris, and non-calcareous. Thay
weather in fissile plates of dark olive colour. They
show cleavage in small folds, bout lack any definite

foliation or metamorphism, The shales probably amount
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to 200 feet strutigrapbhic measurs in ihe s2veral exposures.
Mearby float of argillacenus, carbonaceous ifimestons
of similar, dull black appearance probably belongs

to the shale segquence.

TERTIARY
Units .of .Mjocnne {7} and Palaeocene-Miocone
sediments, and one of late Tertiary volcanics are
recorded in  the Wansa, Pitoney, and Giscome ae2ag
(G.5.C., Map 49 - 1960, G.S5.C., Map 2 - 1962).
lnvészigations do not ceonfirm these stratfgraxphic
assignments; by aobservations of lithology and field
refations in areas of the coal licences and surroundinys.
Exposures in  ground - formerly mapped as Late
Tertiary units cén be described as Fo!!owé: (.l} along
the northerly and middle reaches of the WiH.owl River,
clays with pebbles, and <clays grading upwards o
glaciai lake silts, and tills, apparently of Pleistocene
age; {(2) the mapped unit three miles south of the
village of Willow River, glacial lake clﬂ'y.s; {3) along
the southerly reaches of the Willow, bedded and gravels
regarded as prabable Pleistocene or Recent deposits;

{4} the mapped unit rnorthwest of Wansa Lake, a thick



sequence of gravelly tilts, and some beddad reddish
sands  and aravels of  which the contact and field
relations are obscure. Simitar sands and gravelis
are- commonplace along the Willow River and surroundings
are ofherwise shown as Pleistocene and Recent.

A mapped unit of Tertiary on Jerry Creekr {west

fork) is in doubt for lack of positive identification.

Tertiary voloanics shown west of Wansa Lake (G.5.C.
Map 4% - 193) wore not found, but may well reuvire
another search. Jerry Creek (east ' fork), exposes
about 15 fext of greenish sands, one lignitized tree

trunk, and few thin interbeds with plant debris; a
bed of alfuvial gravels overlies the sands: observations
here allow a possible Tertiary age. {Note different
names of east and west forks, NT5 293G, I:50 000 and

1:250 000 series.)

INTRUSIVES

tntrusives oulcrop along the west side of the
Willow River and along its course in the area and
surroundings of the lIspah coal licences.

Granites of George and Hurtubrise Creeks are

identicai; a light coloured bioctite granite with much



quartz, about 30%, interstitial, and in  aggregates
resembling  greisens. The granite may  be referred
to the Topley Intrusiveé (G.S.C-, Map 49 - [960}).

Basic intrusives consist of simitar, dark green
pyroxene gabbros, of colour index 50 ta 60, Basalts
occur close by in  separaie  expuoilran, in  the wiest
bank of the Willow River north of Hurtubrise Oresk.,
The northarn group of basic intiuaices are linked
by a moderate, and wel l-d=fine matspeiic trend,  a
dyke extending from a northern plug. The basalts
represent  chitled margins orl' a feedse  channel. The

Willdw gabbros probably belong to Tojley magmatism,

though a Tertiary age is not excluded.

PLEISTOCENE

Pleistocene deposits in the Ispan, Wansa, and
Vama coal licences are tacustrine clays and silts,
sands and gravels of littorals and outwash, and tills
of engiacial. and lateral moraines. ~ The tilis have
rounded waler-worn gravels, ard commonly in ‘the
southern parts, matrices of fine Igravels, sand, and
silts with lesser clay;r.

The Pleistocene deposits have wvarious disiributions



though they conform to general pattern; north of Lati-
tude 537 49°, _!_a_;_lciulsl_tr'ine clays _and silts, and clay
tills .ar*e most -abl'.mdant.: .on the south, sands and
gravels, and gravel tills. The SLIIbSOH, roads, exposures
and r'iv_er banks = in the Iuplanc!s south of Latitude
53° 49"  show  this great accumulaticn ol sands  and
graveis, of dull grey COIIOUFS, ang bright rusty colours,

They probably derive f{rom Late Tertiney {luvial and

Hittoral beds. The boundary of the oorthern and
southern glacial facies seemingly coi'ncideé with a
still stand of ihe glacial retreat {rom wouiln to north.

Remnanis of the ice contact Fface (inferred},
occcur  west  and  southwest of Beaver lake near the
divide of Taspai and Wansa Creeks. Here, the isolated
hili elevation of 2 940 feet reveals sands and gravels

in  a section of 430 feet, base wunseen; logging roads
cn  the east face have left exposures from the top.
o the walley fleor at Taspat Creek, elevation 2 510
feet. The sands and gra;vels are interproied as deposits
of glacial outwash, Their 430 .feet seclion indicate
a measure of ‘the Pleistocene fill in 1the pre-glacial
take. A corelof bedrock may underlie the hill and
should be checked by detailed mapping.

Estimates ~ for - thickness of Pleistocene  drifts

are subject to some uncertainties, the relief of the



bedrock  surface, the iopth  of  pre-glacial valleys.
In  the areas of | the ‘t=pah and Wansa coal licences,
it seems the thickness of drift in the uplands .can
range fo 250 feet. Drifts in intervals of 200 to 350
feet .a!ongside the Willow . River probably rcfié;:r the
fill Ir.,‘{ tts  Late Tertiary pre-glacial \raH:-_-.y.. Helief
of the bedrock in the lIspah and Wanss coal licences
attain 600 feet, about comparable to the oxistiong relief
at surface.

Similar conditions probably appl'y-_ to the Vama
coal  licences, Ia dr‘if;l.cover in the r‘angg.r: te 200 feet,
the bédrock. relief is probably less,. in  the range
to 300 feet. The course of the Bowron River her‘e.
may not be refated to a major pre-glacial .va!lgy.

Piéistocene deposits are mapped in pretiminary

order and greouped in units, which incorporate features

of terrain. The map unit, - sg; "sands and gravels",
combine materials of several origins, enqglacial and
lateral moraines, outwash, tittoral and lacustrine

deposits, alluvium, reworkad material andl recent deposits
and subsoil derived from the Pleistocene floor, and
~as swuch, the term serves a convenience in place of
long term investigations.- This.unit tends to represent
thicker drifts. Areas of relatively thin drift, less

than about 65 feet are drawn from submask patterns,



but this mapping is interpretative and lacks enough

bedrock exposure for calibration.

STRUCTURE

A lack of exposures and definite stratigraphic
references handicap  work  on siructure of areas under
caoal! liconces.

On a .r"egioﬁal scale ther".e are structural features
of nute.: the absence of the Slide Mountain Group
{or its character‘ist.ic basalts} in outcrops west of
the Wansa and Willow wvalleys and plains; the prevailing

southwest dips and foliation in the area of the Wansa

and lIspah coal licences. The structure has 'the general
form - reading northeast from the Willow River:
Hadrynian and Cambrian in anticline, syncline and
ascending limbj; fault limb of prevailing .southeast

dips, with structure modified by subordinate disharmonic
folding in Triassic beds, folding and faulting or wuplift,

bounded on  the east by a fault, or downfold along

the Willow River: the footwali or syncline on the
east, and a west dipping 1limb, modified by minor

faults and folds: the major compaound anticline along

the trend of Spring Mountain.
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Structures  of interest  for exploration  can he
Cindicated: the possible syncline or footwall, alongside
the Willow River, on the eas!: a possible synclinal

or down faulted trend 'aiong the west flank of Spring’

Mountain.

REVIEW (OF EXPLORATION

There is not _;nough information to predict specific
structures for expiofation drifling.

Exposures along the Willow and Bowron Rivers
allow projections of bedrock geology for much of the
Ispah, Wansa and Vama coai- licences, which exposures,
if regarded as representative samples of the bedrock,
exclude much of the area under coal licences from
testing and drilling.

Some trends can be considered for prospecting,
(EE_E under STRUCTURE): the Wiltow trend, —. the footwall
or synclime east of the River: the Wansa trend, northeast
of Wansa Lakeland along the flank of Spring Mountain.
The latter can be interpreted from beds reéarded' as
(7} Triassic - Jurassic: if representative of the youngest
pre-orogentc  strata, they may be followed  downdip

%
in search of Bowron beds.

See: Memoranda and Notes, Willow Project; November,
December, 1980 ' -
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Qutcrops of the Late Tertiary (G.5.C., Map
2 - 1962, G.5.C., Map 49 - 960} are doubtful and
some are likely to be discredited. Therefore, - we
carnnot depend on the concept c;f‘ Late Tertiary beds
as a gquide to synclines which may preserve ;he pre-

orogznic Bowror coal measures of Larly Tertiary age.
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MAP UNITS -

Bedrock: Pre-Crelaceous, no stratal units
assigned

(? possible) Late Tertiary, post-orogenic
(? possible) Jurassic - Late Triassic
Triassic; Talklin Group

Mississippian, and {? part} Devanian; Stide
Mountain Group

Cambian and Hadrynian; Cariboo Group and
{? part}) Kaza Group

Intrusives

Granite; probably Toplay intrusives, Jurassic
Gabbro, assaciated basalt and diabase; probably
Topley intrusives, Jurassic; may include some
Tertiary basic intrusives

RECENT AMD PLEAISTOCEME DEPOSITS

Recant

aliuvium; overlying Pleistocene deposits, or
bedrock

Recent or Pleistocene

thin drift cover; mostly ground moraine, concealed
sands and gravels, in places sands and gravels
with lesser interstitial clays: includes bedded
sands and graveis, some (7} original glacial
tilis and reworked tills, fluvio glacial outwash;
in places may include some alluvium

drift unclassified

Pleistocene

moraine forms with tills: wvarious
tills {? interpretative) . .
glacial deposits of lowlands: tills, clays,

tacustrine clays and silts, mimor sands
lacustrine clays; clays; and clays with fesser or
minor silt and sand layers, some random pebbles
in places; - reserved for speacific localities and
observations
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Bedrock observed; representative exposure

. Bedrock exposure; - records of field staff

Formational, or unit boundary, indicated,
inferred, probable _

Drift boundary; unconsclidated, Recent andd
Pleistocene deposits; indicated, inferred,
prrobabie

Fault:  inferred, possibie

Sirtke and dip, degress:  veirtical bedn
Approximate dip, degrees; uncdulant dip -
Variation and range of dips [(degrees)
Uir-acg fokd '

Fotiation, direction, and dip {degrees}:
foliation vertical

anticline
syncline
plunge

bedrock, with thin or partial drift cover;
enclosure

bedrock of major area, unmapped;
enclosure

J.E. Hughes

Willow Project / Aug 3 / 1980.
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Willow Project

SUMMARY OF PROGRESS 11
The report summarises activities and findings
of the Willow Project. It supplements previocus writings

and offers a commantary on  geology and exploration,

INTRODUCTION

The 'pr‘ojec.t entails a search for a concealed
coalfield{s) for which the determinants are: coal

measure  sediments of pre-orogenic age, Cretlacedsus-

Tertiary contained and preserved in synclines or down

fauited strucfures, now covered by glacial an_d recent
drifts, and ﬁerhaps in places post orogenic depaosits
of Later Ter"tiar‘y aqge. The Bowron coaifield serves
as example, and fmnl1 this can be dedufed an ecxplor-
ation model, a structure of 1,6 X (2.8 km, and the
objective, a potential .to about 30 million tons wor-kable
coal in place. The Bowlron coals are ranked Bituminous
High Volatile B/C: they . have notable content of resins
and some partial concentrations of germanium.

The exploration can be simplified by interpretations
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of  structures, and of post-orogenic and recent relief,
Previous information on the geology 1% introductory,
and published mapping of reconnaissance order [(G.5.C.,

Maps: 49/1960; 2/1962; 1356 A }.

The  design _’_'and progress ol coaptoratian can
be indicated by the sequence of work:
i} reconnoitre nd map geology as far asg  exposlres,
terrain, schoedules and economics allow
2} id(—:rltify and select prospective struatures
3) gcophysic.-al ~ surveys to detineate s.ubsurfuc.e
structure and dritling targets

4) dritiing where appropriate to hae  results  {3)

WORK COMBLETED

Field work July 3 to 20/80, was applied to

geclogy mapping and prospecting. This was organised

in two parties led by IJ. Innis, and G. Johnson, to

cover the Vama, Wansa, and Ispah groups of coal

licences. J.E. Hughes provided guidance and support



te the work on the coal licences, and undertook the
geoiogy  of the intervening and surrounding aveas.
Field oper‘a.tions were  based in  Prince George and
serviced by he.li'coptor, J. Currie plilot. {See Willow
Project Report of Progress | @ 1980 : Summary of Field
Work, July (280, {(August 3/80)).

Thies r‘esultsl we.re enoudqgh to  eliminate seocon
of . little or no promise, according lo cexposures ol
oltder beds and their"l probable, and projected acobceags,
These .i_ncluded most  of thé Vama coal licences. In
parts of the Wansa and Ispah coal ticences, lLwo troouady
were regarded as possible strucliures of (EART RN
a synciine {?} partly inferred, trend (457 | parallel
and 'a'iong the southwest flank of Spring ;‘--'101;;»';_..:h=
- reference Lat 53746, Long 1227 05'; the east froot,
o foutwail of a downfeoid or fault, irferred «lonaside
the Willow River, trend 160", - reference Lat 53" 36',
Long 122 05' (§_._°._g: Notes on Explgratio.n & Memor—énda,
November [980) .

Gravity - surveys te examine these - trends
may be confi.rmator‘y. interpretation of the surveys
-depend on different densities 7Jor unconsolidated deift,
bedrock, and that projected for Tertiary beds and

coal measures: it is subject to a wvariable factor,

unknown depth to bedrock.
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GEQLOGY AND EXPLORATION

The following commentary relates to geclogicatl
‘work to date.

The extensive drift cover restricts work, especially
in  the Jlowlands and .the intermontane areas, and it

imits mapping and determinations of stratigraphy

and structure. This difficulty is made .worse by similar
“and repeated lithologies 0 mere than 10 000 m of
geasynclinal su;cession, Hadrynian to Triassic. Fossil
sequences are JNcommon, Other factors indicate cauvlions
for stratigraphic work regional unconformities of
the sub-Misissippian and sub--Triassic intervals, and
the extent of regional metamorphism. Vertical and

stratal rangés of metamorphism may seem obscure and
arquments of its origin pre-Mississippian or Laramide,
unsettled (E: Campbel!l et al, 1973}, These limitations
on geological work in folded and faulted terrain were
recognized in advance, and the dependence on subsurface
methods of search as a committment (o the project.

Most of the bedrock belongs to the two sedimentary
sequences, the Slide Mountain, and the Caribo(:;—}(aza
Groups.

The Slide Mountain Group {Mississippian and

{?} Devonian} is identified by the massive cheris,



and the ophiolite association, greenstones, tuffs, basalts,
and 7?7 other volcanics -~ though similar wvelcanics with
andesites are noted from descriptions of the Takla
Group (Triassic, - ? Jurassic). The area east of
the Willow River contains outcrops of the Slide Mountain
Group. Other beds exposed here are left unnamed
at present. |

A generalized Kaza-Cariboo sequonce  can be
assigned to schists,” phyllites, and clastics with differ-
ential foiiation, on the west of the Willow River.

These distrib.mions, together with prevalent
westerly dips and foliations, may indicate a faull
or down fold, of trend 160" along the line of the Willow

River,

Stratigraphic assignments of field weork 1980,
are provisional and subject _Fo revision from further
studies. |

Late Tertiary beds sheown in mapping {G.S.C.,
Map 49 - 1960, Map 1204 A) were regarded as post-
orogenic fills in synclinés and downfaulted structures,
and thereby possible indicators to subcrops of Bowron
coal measures. Fieldwork 1980, questions these assign-
ments. Several of their locations are ocecupied bS/

glacial lake clays: some by sands or gravels of



remnant margiinl | terraces which  may  well have a
history of multipte Quaternary processes. The possibility
of one Late Tertiary ouicrop, at Jer‘r‘y. Creek, is suggested
by field relationships.

The drift cover has been mapped in pr6v15ional

status to accamp.dale applicaticns to geophysical
work and drilliicg. ol available time  in the field.
Sands and gravel:  in subseil  and  cut banks  south

of Highway 16 cover tho largest area. Thay are separable
into two wuwnits, witlt, estimates of thickness to 20 or
30 m, and (?) 60 or 80 wm. River courses are incised,

and the Willow valley is overdeepened.



REFERENCES

Ager, Berretta & Assoc. {1981): Gulf Coal Gravity Survey; .
Willow River

Campbelt, R.B., et al (1973): Geology of McBride Map-
Area, British Columbia; G.5.C. Paper 72-35

Hughes, J.E. (1980): Wiilow Project Feport of Progress, |
i980 : Summary of Field Work, luly, 1580

Hughes, J.E. (i980): Willow Project : Expioration Notes

Muller, J.E., Tipper, H.W. (1969): Mcleod Lake, British
Columbia; G.5.C., Map 1204 A

Tipper, H.W. (1961}: = Priace George, British Columbia;
' G.5.C., Map 49 - (560 '



APPENDIX IV

WILLOW RIVER AREA GRAVITY SURVEY
AGER BARRETTA & ASSOC. INC.



GULF COAL GRAVITY- SURVEY

WILLOW RIVER

p

AGER BERRETTA & ASSOCIATES INC,
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Telephone: {604) 669.7748

AGER, BERRETTA & ASSOCIATES INC. - CONSULTING
GEOPHYSICISTS

206 - 595 Howe Sireed _
Vancouver, B.C., Canado
WhC 2T5

GULF COAL GRAVITY SURVILY - WILLOW RIVER

Summary

A reconnaissance gravity uurvey has been completed
over potential coal bearing ayecas in the vicinity
of Willow River near Prince George B, C. The gravity
data has defined the limits of an alluvial basin in
one instance and the easteru ouclent ol an appareat
basin in a second region. Geological models have
‘examined some of the possible sources of the
gravity response obtained i Arill hole locations
have been specified.

This report outlines the suxrvey procedures and
includes a brief description of the fundamentals

of the gravity'data reduction process,

‘Respectfully submitted,

A
: i}
.Gor&an Ellis
" Geophysicist,

31 March, 1981
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Gulf Coal

Willow River

INTRODUCTION

At the request of Gulf Canada Rescurces Inc., Ager, Berfetta
& Associates Inc, have conducted a reconnaissance gravity survey in
the Willow River area of British Columbia - (Figure 1}. The
purpose of the work was to examine the possihility of the existance
of a significant sedimentary basin within the survey area (Figure
2) .

The survey was completed during February 1981, 'The grid area
is primarily heavy forest with scme logged off areas. Access is via

a number of logging roads. Crews stayed on-site in a mobile home.

SURVEY PROCEDURES & TNSTRUMENTATION

«Five survey lines were completéd in two areas (Figure 2).
All liﬁes run at approximately 50 degrees. Lines one, two and
three are between 2 to 2.5 kilometres apart. Lines four and five
are two kilometres apart and approximately twelve kilometres
south of the first three lines. No survey lines were but and
there is no base line between grid lines. Survey lines were
established using compass and chain. The station interval is 50
metres throughout. On lines one, two and three, the south west
end of the line is designated zero and the lines each cross the
main road at 1200 (1.2 Kilometres) north east. On lines four and
five, the station on the road is desiguated zero and the lines run

north east and south west from the road. Line lengths are as

follows:
Line one 0.0 to 5000 Northeast 101 stations
Line two 0.0 to 52530 Northeast 106 stations
Line three 0.0 to 6300 Northeast : 127 stations
Line four 2400 Southwest to 2000 Nortfeast 89 stations
Line Five 4000 Southwest 4000 Northeast 160 stations

Total ' _ 83 stations
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Gravity observations were made using a

(G gravity meter (Serial No. 199) with readi

mgals. Instrument and diurnal drift were a
ally tying into know base stations. All gr
within the dial range 4300-4400 for which t
is 1.05908 milligals per division. Gravity
established on the east side of Wansa Lake
on the northeast corner of Pitoney lake. 5
determined from standard levelling and surv
using an electronic level developed in-hous
Station elevations were determined to a rel
+0.10 feet or better.

For a brief discription of gravity fun

GEOLOGICAL BACKGROUND

The target is a sedimentary.basin in w
coal. On the first three lines, outcrop to
southwest determines the limits of the pote
Between the higher elévations on either end

alluvial area under which may lie coal beax

Lack of outcrep in the region of lines
amount of backgfound geclogical information
target remains a sedimentary basin in which
A sedimentary basin would be indicated by a

gravity response.

Samples were taken from locations thro

area. Specific gravities of the samples ar

INTERPRETATICN

Simple Bouguer contour maps are given
Figure.3 covers the northern three lines.
approximately the same amplitude can be see
and northeast sides of the survey area. Th
surface rock. Between these highs is the 3

line one, the gravity data yvields a flat re

LaCoste & Romberg Model
ng accuracy of +0.01
ccounted for by periodic-
avity observations were
he instrument constant

base stations werns

and in the campsite
tation elevations ware
ey closure methods
e by the consultant.

ative accuracy of

damentals, see appuiniix 1.

hich there may be
the northeast and

ntial target area.

s of the lines 1s an

ing sediments.

four and five limits the
avaliable. The
coal may be preseni.

significantly low

ughout'the survey

e given in table 1.

as Figures 3 and 4.
Gravity highs of

n along the southwest
ese highs indicate near.
liuvial basin. On

sponse suggesting a



flat bottom to the alluvial basin.

On lines two and three, the magnitude of the aravity low
increases considefably and looses its flat characteristic
in the basin area. This may be due to either a deepening
of the alluvial material (an 0ld valley bottom or lake bed)
or the presence of other less-dense material such as caal,
Models can be developed to approximate geblogical pos—
sibilities. A model from which to start assumes that the
base of the alluvial material is everywhere approximately
the same elevation as indicated on line one, and that further

gravity deficlencies are due to additional voluwes of

less dense mass.

Necessary parameters have been derived as follows:
~density of country rock calculated from gravity/
elevation correlation and from rock sample density
measurements (Table 1} =2.,8 grams per c.c. '
~density of alluvial material calculnted £rom gyavity/
elevatioh correlation in alluvial regions =2.0grams per <.cC.

~density of coal approximately 1.65 grams per c.cC.

Using the above parameters, alluvial material is calculated
to be in the order of 50 to 60 metres thick on line one(Fig.5).
If this thickness is assumed to be constant over the survey
area, then the additional gravity deficiency on line two '
could be accounted for by a body of coal varying from 30
to 60 metres in thickness, as in Figure 5a.

A more likely model assumes that the depth of the alluvial
material increases between lines one and two and that the
alluvial basin depth is indicated by the flat gravity regions
centered at 2200 and 3500 northeast on line two. To
accommodate these parameters, the alluvial basin would have
to be in the order of 100 metres thick. The residual gravity
low (magnitude 1.5 milligals) could be. accounted for by coal

or other similarly dense material in the order of 30 metres
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1C
1
12
13

14

16
17

18

i

Table )
Specific Gravity Kesults

Average=

2.80

3.01
2.65

2.59
2.77
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in thickness, as in Figurce Sh.
A third model assumes that the entire gravity anomaly is
caused by increasing thickness of alluvial material. This

would be the case if we are dealing with a former lake

“bottom or valley. As indicated in Figure 5c, 150 to 200

metres of alluvial material wouvld be required in the
vicinity of 3000 north east on line two to justify the
gravity response obtained. Figuxe 3 indicates that this
gravity low feaiure extends south to a lesser extent through
iline three. -

The most prabable model is » hroad flat valley at lipe one
ﬁﬂepening toward lides two and three with a valley or lake
hed near 3000 north east on lipe two. The most favourable
target for a significant coal deposit is below the gravity
feature centered at 2800 north east on line two.

Lines four and five did not yield a well defined basin
similar to that found in the northern region.Most of the
area covered by lines four and five appears Lo be geologically
similar to the higher regions on the flanks of Jines one,
two and three. The steep gravity gradient running north somith
along the soultli west side of the southerw region is of the
same magnitude and slope as the gradients on eitbher side
of the gravity low in the northern survey aréea. The gradient
in the southern region drops off inte the Willow River
suggesting thai the river basin may be the source of the
gravity reSpcnse..Unfortunately, the gravity survey was not
extended across the river to determine whether oxr not
the gravity values increased agsin to the south west. The

potential targyet zone is therefore on the edge of the survey

~area and is not well defined. Geoiogical models for this

region would be similar in magnitude to those for the

northern region.,

CONCLUSION

an alluvial basin under which may lie a coal deposit

has been defined within the region of lines one, two and
three, A number of models which could produce the obtained
gravity have been presented. One drill hole in the vicinity



nf 2800 north east on line two would yi«ld sufficient
information to explain the gravity response and further
evaluate the probability of a significant coal deposit
in the area. The gravity response centered at 2800 north
cast on line two could be caused by a ccal deposit 30 or
more metres in thickness and is therefore a prime drill
target. '

A second gravity low response has been.noted to Lhe south
west end of lines four and five. This low is not as well
defined as the one outlined above, but ik does indicate
the eastern extent of a second prebable basin and possible

‘coal bearing zone. ..



APPENDIX I

GRAVITY FUNDAMENTALS

There are a number of steps required in order to obtaln
meaningful, relative gravity values from raw field data, The
final values are referred to as Complete Bouguer Gravity and are

derived from the following components;

g_ = observed gravity = fimld observations corrected for
drift and adjusted ta National Grid Base.

9ta”  free air effect = cocreciion for the relative distance
of observation points from the center of mass (earth}.
This calculaftion move: all stations 1o a common elevation
and corrects for relative differences in distance from
the source mass.

= bouguer slab effect = correction for thez relative
differences in amount: of surface rock below gravity
stations. This calculation requires that a mean density
or rock type between the lowest and highest grid
elevations be established. All stations are shifted
to a common datum as in the free air cffect except
that the vertical change 1is through an assumed slab of
the derived density.

9, = latitude correction - correction for change of observed
' gravity with change in latitude - due primarily to

the difference in the earth's radiuvs between the

poles and eguator.

9, = terrain correction = corxrection for variations
caused by local terrain. The vertical component of
the gravitional effect exerted by nearby hills, or
not exerted by valleys or gullys, will effect the net
reading obtained at any one station. The overall
effect on a given line profile or grid area will be
a function of the station spacing relative to the
frequency of the terrain correction.

Accurate and appropriate application of the above corrections
vields Complete Bouguer Gravity values which are in theory, free

from all effects excepts those caused by realtive changes in density

within rock units below the survey area.
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G = G T (e, F G a, + g, } = Complete Bouguer (ravity.

Changes in relative gravity values which may result in

"anomalcous" readings are a function of;

-~ the difference in densitiecs between rock units.

~ Lthe sizes of rock units relative +o each other and relative
to the grid spacing or "target" size. '

- the distance from the arees of density contrast to the
observation points. '

For example; steeply dipping, nes: surface massive sulphide deposit:
or coal seams will give sharp featured gravity anomalies,
the former greater than background, the latter less than
background. Density contrasis at depth, such as slopes or
changes in basement stratigraphy, will result in very low
freguency changes, often referred to as gradients.



APPENDIX. IT
Listing of Simple Bouger gravity values. Bouger
correction factor based on a density of 2.77 grams

per cubic centimetre.

Gravity datum as printed; arbitrary

Elevation datum;’ approximated from 1:50,000 contour

map
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2950.0 T4 G 8 24630 .5 102,44 9,24 Y. 0 2 i, 39
2200, 0 74243 263%5,4 e .21 Pl T il L 286,37

(’ 2950.0 Th 3.2 2435.2 102,13 Fa23 Ual 3%, 43
e e - . A . o o T, RIS A




1]

3100.0 74 6.8 2450.3 101,78 9.13 Je U 254,062
1150.0 TaTsl 2451.,3 10%1.486 9,10 J.2 25%a 79
3200.0 741, 4 215149 1ul.99 d.07 Jad 234,93
325000 ?‘fp.z 2"5’1‘.; lﬂ?.uh ().Udf lj-d 25501"?
3300.9 Ty, } 2hb 1.3 JUl.al 9,08 1,2 253. 118
C03350.0 .o o T5C.T . 24630 101.8 T Yo O 298,31
- 3400.90 75 2.5 ;2%03,85~3101.5? oo de?D e 3.0 255.38 .
345000 157, 7 472,70 1Wlea9 . T 3091 Ded 7 7F 253,50
3500.0 75545 0 00 2474d,5 T 101 LY _ 8,88 70,00 ¥ 1255,63 ¢
3550.90 75645 248203 0 l0ULYE - L35 L 30 C 299,49
3600, 0 75 7.0 248544 1J0.E5 - 482 0 0.0 233,51
3650.0 756,90 2490 ,0 UG, L0 3,79 T. 0 235,50
3700.0 Thloa 26T, 1 100, 28 Ball Yo 235,062
3750.30 76 2.9 Zhoi. gD, 08 4,73 Jadd 235,610
3800.0 76 3.7 2505,7  10U.C% 8.0 NG 23T o e
3450.0 76 3.3 25U .4 130,15 ST Y 235, 76
3900U.0 16 S. 6 25ti.7 Gy, 75 .03 Je 255,77
3950,.,0 777.8 2551 .4 GT.3% dat: 0} J. 195.67
400Q.0 776, 1 250602 S T.92 4,57 dad 253,33
4050.0 77 3.5 253 7.4 9He G da5% . 255,97
410G,u _740.9 2562.1 97.18 4.1 _dev 256403 - o
A4i50,0 13 6.8 25HL .4 Y6, 20 4% 5 J. 0 256421
420040 T32.1 2098.¢6 Y555 H,%45% Ja U 256.47
$250.0 79 2.4 599,68 95,78 Bald De 2306, 73
430C.0 1937 2634.0 ¥s, 75 .3 0.y 2564493
435C.0 79 3.4 £603,1 Yo, L0 1.35 }. ¢ 257.1%
4430.0 79 4.9 2607 ,9 G612 4,32 3.0 213l.40 - N
4450.0 802, b TR ERE Y4, ul 3429 1.0 ei7. 1!
4530.0 fR1 1,0 200U T 93,07 e l2h J. 238, 20
4550.0 82 1.9 2hi3. 32,02 3.23% 1.9 254, 30
4600.0 843¢€.0 242, Y.l Jol% Jed Sty AT
465 3.0 R4 Q. B 2INT.y IO duli ek A8, T
4100.0 85 4, 5 2473, 0 BUeod 413 0.0 253,07 i )
4753.0 T ) 204241 837 E100 T L0 259,03 T
4R00.0 870.5 2156 ,0 Hi,79 H.07 0.0 25Ye b
4850.0 g815.2 2871.3 43,17 TN 0.0 259.69
4900.% R t, 9 2%313,0 Bi.n3 3.1 J. U 2549, 64



259,940

5000.0 83, ! 29435 7. 94 1.49% D0 _
5L50.0 83 2.0 23275.,5 79,99 T.91 Je ¥ 253,62
5100.0 42 8.4 JU4an, e 16,42 T.80 7.0 259.6%
5150.0 9l .2 286,3 16.76 705 Y. 0 259,84
520040 N ) 39049414 73.45 7082 Y. 0 259, 55
5250, 0 930, 7 1053 .4 - 172.488 T.79 .0 254,81
ELEV FT 2422 2500 Zoua 26l 2T156 ZHAn £3re2 30906 : agan 372
CELEY M 738 763 749 Hlg 534 () 353 %30 9lb 941 967
MGAL 25"'.6 255.1 dl’sc“' 2.5{)-1 (]rif;ofi 25{'..‘. ZS;.:'{) 25!391 2%8-(1 unol.
1 i 1 i 1 ! H 1] : 1 1
0.~ L G
50 .- i
$10.~ X
150‘0_ I-



_ wiLLOW RIVFP LINE THEEE
DENSITY 2.770 LLEVATION FACTOR U, 192509
\_ STATION CDURD ELEV (M) ELEVIFTY 0RS 5 LAT G TER 3 Ld GRAV .
' - - _
Uel o ITi.5 2531.0C 96,20 12,65 Je 0 2537.36
53.0 T 6 2521, Ye,4l l2.62 RS PR 296.99
100.0 759,05 2524 4% 99.64 1204 0.3 256,41
150.0 77 1.7 2330, 95,31 12.5¢6 0. 250, 3%
200,90 171.3 25301 $5.14 12,53 (3,0 256, 10
250.0 HEERE ehdu. i 95,20 12.5¢ S 255,98
300.0 T8, 3 725207 Y534 12,47 3.0 235,71
350.0 L Tuhln 2809.3 95.72 12.4% 0.0 255 %1
400.0 76 t.5 24904 Yo.9% 12.41 Je J 2%5%.94
450.0 T6l.6 24 .Y TN 12,38 0.3 255,609
500.0 1.3 2497.8 Y6 .69 12.35 Q.3 255,60
550.0 750, 5 P DIN Q6,06 12,37 SV 25%,43
6000 70901 243l .l 96,92 12.28 Dol 255,45
N 650, 0 7643, 0 24936 Y6 .82 te.2n Je0 255,39
70049 TH L 2491, 1 96,77 12.22 Je 255,57
150.0 T61.3 267,17 36,70 12019 3.9 255,45
330.0 - 76109 2430.,4 I 6Y 12.1¢ Jed 235,36
B5(0.0 T, 7 2495, 96 TD 12.13 Je v 25%.28
900 .0 90,1 a5 ,6 U6 e b P2.10 (el 255, 18
CL8806.0 [T\ 24 35,7 Yoy 54 12.07 0.0 255,03
1000 Teo 17} 2496.8 G053 12.06 3 B} 235.08
2 1050.0 , 70 0.9 24649643 96,60 12,01 0.0 255,09
1160.0 o o, ? 2491.5 96, 65 11.94. 0,9 255,14
T i150.0 IR VRSN GLaad L1.9% Je D 2 3% 00
1200.0 705,08 251240 95,064 11,92 2.9 254,99
 1250.0 77C. 3 252127 Yha Ol 11.89 Je v 234,84
1300,0 ‘ 77¢.% 2:1 7 F4,15 L8 Yo O { 2u%e 737
1350.4 [0S ! cb -3 32451 IR 1. 23

LA T Ty oo



L

1450, 0 79403 2604,0 39.94 11,77 254, T4
1500.0 79844 26D v 89,42 1 lLL.T6 2 54 . 46
1350.0 BG5S, ¢ 2641 ,8 0 88,27 0 11.71 254,99
1600.0 gl 1.9 2653+ 86,99 1i.08 25%4.90
1650.0 6L 3. 7 2680, 2 45, 18 L1405 255404
1700.0 825, 2120,2 33480 1l.02 255,03
1750.0 CENST ZT26.5 83,11 11,59 255,19
1d400.0 L3300y 27250 0 83,57 Ll.5¢6 255,07
13859.0 IR C2593.8 L 45,01 1153 258489
1900,0 Y268 U 2712.5 -0 86,31 11,50 234,97
1950,0 CR21.2. 273%.0 0 - 83,10 11,47 234,97
2000.0 RS, 7 274L.9. u2.44 11.43 2 34,98
2350.0 ey Lo s 21630 $EO36TT T 11440 254,84
2100.0 85 2. 2 2ISG L 10,3R 254, 82
2150.0 B 1.2 ehizuvaa . 11,69 23%. 82

' ,2200.0 - ) 80 ?u_l l B l’df‘}*ir L. .I(‘ob_:* : 234,87
12250000 UETLL3 L 28580 T6.00 70 255,03
2300.0 TR 9 28769 14,90 254,96
235070 BT C. 2 237e.8 757 LI 25516
240047 N 2870, 75.67 1la0% 235.28
2450. 0 370 28641 75.98 iL.16 235.20
2500.0 peg, | 2920.3 L 12.76 Lh.13 A55.24
2550.0 sy 1. | 2 a i T¢.40 Tl 228, 4
. 2600.0 89 4, ) 2931.0 12.43 11.07 235,65
265040 At 8.0 2915.3 13.6u L1.06 ). 3 235,74
2100.0 A6, T 2309.2 14,26 11-0% 3l 35,47
2750.0 B t. 2907 ,6 Taa 26 HS T 2.0 235,95
12800.0 A3 1,5 2314.0 1593 20,95 3o 0 25%. 792
2350.0 B0, 290954 1649 13,92 3ol 256,13
2900,3 AR 3. 2 2897, 4 15029 L.80 Ja 3 256421
4 2450.0 B 2.3 2HI% L0 75063 L.ty 3.y 255,35




1100.0 BT 8.6 . 263L.7 | 7671 . 10.77 3.2 236457

3150.0 376,09 2473.8 TT.3Y 0 19,74 J. 0 256,07
3200.0 - P lad 2094 .1 716.29 10.71 Y0 256, 81
3250.0 PB4 2G1 4.5 7927 19.68 K 256,96
3300.0 B3 g, 2 2917.4 75,28 1065 3.0 257,11
3350.0 418 3, 7 2905 ,9 15.87 LV.A2 3.0 257,00
3400, - H90.9 292724 T4.8% 10,54 Jed 250.9%
CL3450,0 0 - BR9,5 0 2918, 3 T5.42 . L0LSH . .0 257,21
3500, 0 S 2,00 2926, 0 15,2 V10,520 T .y 257, bt
3590.0 L EDAGD o 2923.1 .0 75,00 0 t0.4Y9 0 0 257.60
3630.9 87,9 0 2445.4 140346 10006 - 0.3 257465
3650.0 DIA YR 2900 - T3.24 . 10,45 Sy 237. 71
3700.0 ' RS B R CO2Y9HL.E L T2 T. 10.40 B ) 257,83
3750.0 91 5, 7 3004 .4 71,30 LU.37 Vo0 257,90
3300.9 21 By 3013, L Flela o M0.36 el o 238.24 e
3850.0 42 G, U 3018,.5 PY.9h 0 10.31 Qv 254,39
39009 SR W C3p29,0 1} .44 T8 e 2 3533445
3950, 0 . 925.9 313 4.0 In.06G Lie2% 3.0 253453
4000.0 929.3 39,8 09 .48 15,22 Je 0 258.60
4J50.0 9L 4. 4 3065.5 6d«H1 C1o.19 el 258.387
4100.0 a4 0.% 3085.9 6f.92 C10.18 R 259.13
6150 ,0 e 6ot} 310,45 67..9 1C.13 Ga i 257,43
$200.0 95 2,0 312343 0 e 33 10,10 Q.0 229,69
4250.0 95 1, 2 3140,4 55%.74 10.07 - 0,0 260,04
4300.0 94 G, 4 3147.7 09,473 1U.0% de D 260,37
- 4350.0 G 3.0 A159,5 t . 73 10.01 Jed 260,14
4400490 S6 &b 3171.1 G, 83 4,98 Q.0 259,88
4450,0 Y6 Y9, b C3143,¢ 63633 9,45 b} 25392
4500.0 o 4§73, 4 3164, 4 G2.63  3.82. Je o 296,81
4$550,0 9T 4,5 211,58 6H1.758 3.855 35 235%.89
4600.0 Ydda, 7 A240.8 EYRINSY Gatls Jal 26U, 09
40650.0 €3y, Y 324,40 H0.U0% 3.8 3o D 260.37
4 700.0 597, A 32574 R S B T I 254,96
¢I50. ¢ , g9 7,1 327 .4 D PR DOV 3 S O R T A
4800.0 . LOu 305 _ 3291 .4 ) }0.73 ‘3.?‘7. o . 253.67
4850,0 - 100%.e - 0 3103.3 565675 - .. .70 . 259,53
T T4900.0 o Loy &, 7 4325.7 5% .79 Y67 S 253,01
LA o Yoy ooy T T v S T [ o LT e I o B A |

~)



2582058

5000.0 1023.5 C31358,0 52.94 . 9.61 © - 0.0 L2549, 59
5050, 1027.4 313710.4 5225 Q.98 0 Jed 259,67
5100.0 1029.7 3378,1 51494 Y,5% Ve 259. 71
515J.0 1031,7 338947 51,17 4682 Jed 259,90
5200.9 103244 1837.1) 51.83 CY,.44 Jod 260.06
5250.0 10313, 4 3391 .8 5166 .4t Je0 262,14
5300.0 1034.73 21321,2 51,74 Yeh3 SN 260,30
5350.0 TGYESS 3506 1,31 Y 7.3 253,31 T T
5400.0 1048, 7 3408, 50,93 .37 Je 200,27
5450.0 104 Ce s 34liat 5J.50 1 9.34 2.0 260.20
5500.0 E0v 2.y 3421 .6 Y0, 15 Ye31 3o 2h).a3
5553, L2 3,4 C 340404 4% 4 3.2 34D 250419
- 5600, 104906 3463%,2 +.487 S i}l 2533.17
5650,u 104 5.3 3631,49 49,61 Sedd Sa 2hH0.17
5700.0 104 5.2 1432.4 47,55 4419 Jed 260,15
. 5750,0 los0, ) 3445,1 Gua. 81 .18 Je D 260,11 '
5800.U LO5 7.0 A461.9 G820 413 Ja 3 2H0. B
5850.0 100 2.5 3486 .0 & 7.5% U.10 3.2 2ellle
Se00 .0 1006 8.2 3504.9 AG. SR 30T e L 251.30
5950.0 1075%.0 %20 ¢ PEEY Fa Qb Q. 2ok.51
6000.0 1e80.9 3540643 oL 24 V.01 1.2 232138
..6050.0 108 7.8 356R.8 43,30 3.98 dev 261568
5100.0 C1094,9 A552.1 217 A, 535 Gad 2051.84%
(150,02 0% 5, ! iAyil.t 43,95 Sd L7 3.2 261507
6£200.2 110 %, 4 41620.0 40,19 §.049 3,0 2hi.49 e
6250.0 110 9. 7 363 T4 33,90 P 3.0 261 86 o
£300.0 1ila. 9 1657.9 38.60 d.487 20




WILLOW RIVER LIk FOUR _ L
DENSIETY 2.770 CLEVATLON FACTOR Q0.19250%
- STATION CCOFD CLEV ('Y) ELEVIFT) {tBs G LAT G TER 3 L3 GRAV
S
2400.0 685,17 2249, 7 TT.48 23.4% Ul 232.98
o ......2350.0  6B5.9 2250,2 T7.45 23.46 . 0.0 232.96
2300.0 685,60 2249,4 77,55 - 23,43 0,0 232.97
2250.0 6R 5.7 2249,8  T17.52 23,40 J&D 232,93
2200.0 06U 5.8 2249.9 77 .60 23.37 0,0 232,99
2150.0 68 640 2250.7 174065 23434 0.2 233.05
2100.0 . . W AP 2252.0 77.81 23431 Je 0 233,26
2050.0 615,9 2250.5 T9.03 0 23,28 3 ) 233,36
2000.0 68 86,5 2252.1 T8.01 23.25 JeQ 233,41
1950, 0 68 6.0 2250.6  TR,3T T 23,22 Je 2 233,59
1900,0Q 63 54 2250,53 75,58 23.1¢ Jo 231,73
1350,0 OB €. C 0 2250.6 0 18.56 23.16 3.0 233.7R
1800.0 7097 2293.7 . 75.90 23.13 D.0 233,91
__17150.0 o 715.2 2346,5 73.45 23.10 1.0 234,23
1700.0 72 5.1 2373.9 71.52 23.07 3al 236,23
1650.0 735.3 2412.3 706,02 23.0% 8.0 234,80
1600.6 73843 2422.% 89,56 23,01 .7 236.6%
1550.0 739.5 Z626,1 69.%4 22,98 Je U 234,837
1500,0 735.9 241%4.5 70 4% 22.95 3.0 235,006
1450.0 _ 73641 2415.0 0.6l 22 .91 0.3 235,23
1400.0 - T4 2.9 . 2437.3 9. 34 22,648 U0 235,24
1350.0 149, & 2a459,¢ 68428 22.85 Ue0 238042
1300.0 75 6, 9 2483,3 06 .97 2282 QoD 235.51
1250.0 76 3.0 2503 .4 65,97 22.79 Ye D 235.4%
1200.0 767.9 251 9.4 65.29 22.76 0.0 23%, 79
___1150.0 771.9 - 2532.6 64463 22,13 0.C 235,097
1100.0 173.06 2538.0 L4.57 22,70 Jad 236,19
1050.0 T74.4 2549.7 64450 22.67 Ol 236425
11300.0 774.3 254043 66 6T = 22,64 De 0 236.37
950.0 772.2 2533.3 £5.25 22.61 FI) 236451
L0 2R34.72

900.90 76 8. 2 2520.3 66,26 22.54¢



Vamnd S,
850.C 76 3.1 250347 6132 22.55 Je U 336 18
80,0 75605 - 2443.2 G877 22 .5¢ Ve J 237.00
150.0 754, 9 2416.0 64,25 22449 0.0 237.06
700.0 75 4.4 24715.0 09430 22.45 Je D 2364913
650.0 75 3.9 2473.1 89, 46 22443 J3¢2 237.01
600.0 753.5 241240 69.82 22440 Je D 237.27
550.0 7153.06 2472.5 7T0.31 22.37 Jed 23{.76
500.0 759,18 249247 69.22 2234 Jev 247.82
450.0 763.3 25041 63e 74 22431 3.0 237.98%
400.0 ba, Y 250744 L83, 40 2228 0,0 237,92
350.0 765, 7 2512.1 Lliec? 2200 Yeu 237.487
300.0 75 5.5 2511.5 68,21 22422 Je U 237.179
250.0 Tob, Y 2509.6 63417 224,14 Jed 237,61
200.0 756, 3 248l.s 649,67 22415 “Je D, 237443
150.0 76 5,6 2653,2 Tl.11 22.13 0.0° 237.53
100.0 752, 4 246845 70,60 22.09 Yo 237,60 °
50.0 50, 3 243946 GIa bk 2205 3.0 237035 -
0.0 T 2.2 2500.0 0.0 22.03 Je 0 Lo, 73
0.0 762, 0 2530.0 ¢ 3.02 22 .00 Yoo 23132
50.0 7obed 2515,9 £1.606 2l.9f el 2ir.24
100.0 17 0.9 2529.1 AT 21.94 Ja 23T.22
15000 77-“-" /‘55?-3 ‘f."\t).f-‘? t)}.-t;‘,\ }o.‘..} cf,’?-;-"
200.0 776.0 25%6.1 0h. 97 21.88 1. 0 237,25
250.0 777.7 2551 .6 H5.67 21.8% Je 0 237.19
30C.0 L 7718.0 2552.¢6 552453 21.87 3.0 237.13
350.0 778.48 2555. 1 65,47 2L.79 Je 23714
400.0 T79.5 25574 6£5.33 21476 Je 237.15
450.0 779.9 2558.7 55,24 21.73 }. 2 237011
500,.,0 74 1.3 2563.2 G454 21.70 3.0 237.00
550.0 167,71 2568.0 64,68 2l 6T Je) 236.80
600,90 778.3 2553.5 65.13 2L .64 Ja O 236460
650.0 I 251641 6HT.LL5 21 .61 0.3 23840
700.0 75 1.4 2466, 5 T 82 21 .8% Oev 236.52
750,0 73 7.1 2619,3 71,07 2155 3.0 236,52
30C.0 73 €. 2 2ESUNTT Fu 3w Y e 236,60
250, 4 730,70 2626, 7 T IR 3, 0 235610
3037 I 25303 Tle 30 21 abh Je C 236, %0
950. 8 75 7o 2484 ,8 69.29 21l.43 Y. 0 236452
1000.0 75 9. 0 2522.38 Lh e 9% 21440 de 5 236,27
_1050.0 70,3 296147 64,70 Z1.37 3.2 236,33




eldbh.38

1050.0 70.8  2561.7 64,70 21.37 3.0
1100.0 T78.6 2554 3 6520 2134 3.3 TN
1150.0 7310 2562, 2 Gaa 75 2L.31 Jo U EETI
- 1200.0 C781.3 - 2565.1 G4 e 50 21,27 0.0 236,29
1250.0 782.% 2568.06 64,33 21.24 Ul 236429
1300.0 783.7 ©25T71.2 6410 21.21 Js 0 236418
1350.0 78 4,3 25731 63.94 2118 0,0 236415
L4000 783.4 2570.,2 64.23  21.15 J.0 236419
1450.0 78 1.3 2553.3 64062 21.12 Je 0 236.15
1500.,0 78 1,2 25671 64462 21.09 3.0 236.10
1550.0 780.6 2561.0 6he 68 21.06 Q0 236,02
1600, 779.3 2556.3 ¢4, 9% 21.03 9.0 236,00
1650,0 778.2 2553.3 65,24 21,00 d42 236,06
1700.0 T 716l T 2548, 1 65,01 29.97 0. 0 736410
1750.0 174,17 2541.7 Gt 06 20494 J.0 230412
1 1800.0 772.5 2534.3 664 H5 20491 3.0 236,16
1850.0 772.4 2534.3 £6450 20.88 Je0 236408
1900.0 76 3.3 2520.6 67.37 20.85 3¢ 236412
1950.,0 7618 2500.0 6820 20.82 0.2 236,06
2000.0 75 9. 7 2492.5 6 O 2079 0. o 2 36.03




wWlLLDOW RIVER
2.?7\]

DENSITY

STAI[ON CUORD

LEBL FLyFR

ELEVATIUN FACTOR

uds 5

N FLEV(MD  BLLVIFT)
]( %000.0 658.80 00 2/67.30 .02 75.70
| 3950.0 £58.70 662.1 2/61.002172.3° 15.65
: 3900.0 &57.80 662,0Q169.6641L72.0 [5.54
‘ 3850.0 659/ ¢6 122469721757 75.¢5
! 3300.2 57780 663.8 224927217 17.0 13.07
; 375000 68928 TTTE.S RadailaLs 70,4
: 3700.0  68Y.30 (86,3 QD733V2251.¢ 70,95
§ 3650.6  gam 13 (K Ta3 5 40 28540 TG0
E 3600.40 £ 1 20% .7 .14
; 3550.0 689, 7 22672.49 70,59
; 3500,0 63 2.1 22798 70.30
! 34%50.7) LG LT T T I NLsT TTTo.06
3 3400.0 69 4.0 2211.0 70.26
: 3350.90 54,5 2278.¢ 70.52
! 3300.0 69 4, 4 27341 70,70
i 3250.,0 (34,1 2271743 70.95
1 3200.0 69 3.9 2275.5 71.29
f Y150.0 G A T 22715090 Tl.5n
3100.0 6935 2275.4 71.89
3050.0 09 3,5 2215.2 71.94
3000.0 09 3o b 207547 72.UY
2950.0 £2 4.4 22764 71,87
29950.0 65247 22349.1 74,01
23508.0 (5,07 224a1.1 73,71
2400.7 (T 224541 Ty o7
? 2150.0 CUR(P 224%.6 . T3.43
; 2700.0 68 4.3 22451 T3.42
i 2650.0 R4, 2241.2 T3.217
. 2600.0 08 5.7 2249.7 73.15
SRETY N CRES B TUUFR G~ TR Frony

0., 142509

24.89
2483
S T T
2,10

L.t

L2458
dh .51

dh.an
Shalu
24030
Z"P.Z(;
Zalb

24.13

2h.07
24,00
23.949
d3.HE
23.e1
23.75

d.ﬁ-{)‘-} .

2i.08
23.50
VAR NI
23.un
AR L ')
£3.31
23+2%
23.18
23.12

9 i

Ce w L
- L] L] -
T

RPN WA o
* »
[0 A5 Ay

N
PRLOS I &5

Cri ()F f\u

100,59 227.48
227:94 327,38 .
227.75 Q87.33¢
228.01 @734
225.50 227.05
225475 02.1?7._&5
c21.538 92739
2T 39235755
227,510

227 69

2 27.80
221,38

225400

228429

2253438

228,52

228. 74

223,86

225,15

2129.20

229,03

228,93

228461

428, 54

S238. 44

228.40

224.31

223.27

AR,



850.0

2500.0 0D Pty 2251.¢ 7297 e, T2 0 T
245040 GH & 2N, 2 L 22, u; tyJ 28,09
2400,0 6U 7.2 2254.0 73,01 22,86 ded 228.17
2350,0 68 7.7 225643 72.92 22469 SR 223.11
2300.0 688.5 2259.0 72.79 22,14 el 223,08 -
2250.0 T 225913 TRLHTTTTTUEZVETTT T dwe Cz2d.ll
2200.0 69 3.0 227346 71.93 22.61 0.0 221,95
2150.0 713.0 2339,.4 68,08 22455 Ja 0 227.89
210C.0 71 7.3 23532 67452 22 .64 3.0 22806
2050,0 721.5 2361,2 O 76 27 42 Dol 228,03
2000.0 7240 2370.8 LGo 21 22430 Ja ) 228,03
1350.0 72743 CTZETEHLIT O 8R4 22029 0. 228404
1930.0 1249.2 2397.4 C%uh? 22403 S 225,03
1850.0 729,86 2393,¢ 65,58 22 17 e U 228.19
1800.2 731.0 23943.,2 (5,32 22,10 Jad 228,14
1750,.0 73 3.0 24Uk, G 6n5.11 22.0% S 222,26
1700.9 753.2 24054 65,246 21,47 3.0 2 iBa T
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APPENDIX

WILLOW RIVER EXPLORATION

LEGEND TO ACCOMPANY GEOLOGY MAP

PLEISTOCENE AND RECENT DEFOSITS

RECENT

alluvium

Pleistocene and Recent. .

deposits with ﬁhin drift cover

sands and gravels, - origins various:

bedded sands and gravels, reworked énd
original tills, glacial outwash, and alluvium
in places

drift, - unclassified

Pleistocene

moraine forms with tills

tills (?) interpretative

glacial deposits of lowlands; tills, clays,

laucustrine clays and silts, minor sands

MAP UNITS, BEOROCK

(?) Tertiary

(?) Triassic/Jurassic

Triassic

Mississippian:-Slide Mountain Group
Hadryniam - Cambrian: Cariboo Group

Granite: Topley intrusions; Jurassic

July 1980

Gabbro, and associated basalts: Jurassic, (Poss. Tertiary)

(Formations and map units, provisional, and subject to revision)



SYMBOLS
pedrock exposures

ohservations of hedrock (part)

‘bedding: strike, dip in degrees: vertical

dip; approximate, undulant
drag fold, minor flexure

plunge

‘Eoliation, inclined, vertical

fault
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