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SUMMARY

The Tommy Jack property, owned 100% by Alan Raven, is comprised of 59 claim units. The
property is situated 95 kilometres north of Hazelton, B.C. It lies in the Atna Range of the Skeena
Mountains, near the confluence of Tommy Jack Creek with the Sicintine River.

The Tommy Jack property in conjunction with the adjoining Warren ground, 20 units on the
northwest , covers a large zone of pervasive carbonate alteration. Within this zone are widespread gold-
silver-lead-zinc-bearing quartz-carbonate veins in shears and stockworks in Bowser Group sedimentary
rocks and in granodiorite (dacite) dykes and sills. The nature of the mineralization is compared to the
Silver Standard Mine, 85 kilometres to the south {past production of 203,839 tonnes containing 463,000
grams of gold and 236,000,000 grams of silver) except that the gold grades are significantly higher at the
Tommy Jack property

Work completed by Intertech Minerals in 1989, while involved in a joint venture with Noranda,
included 14.1 kilometres of grid, geochemical sampling, geophysical surveys and geological mapping.
The work generated a number of gold and multi-clement targets to the southwest and southeast of the arca
worked by Noranda, some of which need more work to fully define, prior to drill testing. Several strong
VLF anomalies were also found to correlate with the southwest geochemical anomaly. The targets
generated by the Intertech work are now completely covered by the Tommy Jack property. The highest
grade gold values found to date (2.2 oz/t gold) are from float found in the vicinity of the southeast
anomaly. The work done by Raven in 1995 also extended the geochemical anomalies especially cast of
Unnamed Creek.

CONCLUSIONS

The results of the work conducted during the 1999 scason were most encouraging. The
understanding of the glacial transport of the high grade floats and the partial displacement of the soil
anomalies has helped greatly in understanding the complexities of the anomalies.

The Self Potential survey delineated moderate to very strong anomalies which indicate graphite
rich structures and possibly sulphide rich zones in the sediments. More work needs to be done to further
access the genesis of the SP anomalies. The hand trench dug to bedrock (6800N 9110E Noranda grid)
exposed a graphite rich zone that is strongly anomalous in gold and arsenic. This narrow shear zone is 10
metres east of a massive sulphide lens (vein) in sandstone which assayed .664 oz/t gold over 8 inches
(Intertech). The large sulphide rich floats found down ice and east of the SP anomalies also contain
graphite indicating that graphite rich structures could alsc be the conduits for the mineralizing solutions.

The hand trench at 18475N 21140E exposed structurally deformed, arsenic rich siltstone which
is the most probable source of the arsenic soil anomaly in this area

The traverses on the southern portion of the property covered areas of unmingralized, structurally
deformed sediments which included a dacite dvke that was equally deformed (shattered). This greatly
helped in understanding the structural model for the property. Data and observations made on these
traverses also explained the genesis of the mineralized quartz stockworks in the dacite dykes encountered
in Noranda drill holes. These traverses if done in a meticulous matter will reveal in the crecks, dry stream
beds and steep areas more outcrop and exposures than one would expect to find.

There is also the real potential of a sediment hosted (sandstone/siltstone) and/or intrusive hosted
bulk mineable pold deposit. This potential is indicated by mineralized stockworks in sediments and
intrusives encountered in Noranda drill holes immediately adjoining the Tommy Jack property to the
northwest

The property is therefore considered to have excellent potential to host both high grade veins of
the Silver Standard type and low grade stockworks or quartz vein zones in shears or granodiorite
intrusions. (Allen 1989 Intertech report). This opinion is still valid today and includes the potential of a
sandstone hosted bulk mingable gold deposit.
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INTRODUCTION

The Tommy Jack property covers widespread gold-multi-clement soil anomalies, VLF and self
potential anomalics occuring in Bowser Group sedimentary rocks intruded by dacitic dykes. This ground
is part of a claim package held under option by Noranda in a joint venture with Gold Cap and then
Intertech Minerals (1986 to 1989). The “Warren” ground that adjoins the Tommy Jack property on the
northwest was where most of the drilling has taken place but a much larger area (139 units) was the
subject of preliminary explotation programs. These programs consisted of geochemical, geophysical
geological surveys which delineated a much larger area than that covered by the “Warren” ground. The
anomalies, soil and geophysical, have not been fully defined and need much more work to fully delineate.

The purpase of this report is lo summarize the results of the fieldwork conducted in 1999 by Alan
Raven. The 1999 season’s work consisted of establishing 3.1 kilometres of new grid, re-cstablishing 3.8
kilometres of Intertech grid, geophysical survey {self potential) of 4.3 kilometres (fig. 5}, geological
mapping of approximately 18 hectares at a scale of 1:5,000 (fig. 6) and traverses covering approximately
500 hectares at a scale of §:10,000 (fig. 3). Also mentioned in this report is some of the previous work
carried out by Noranda, Intertech and Raven.

LOCATION, ACCESS, PHYSIOGRAPHY

The Tommy Jack property is sitnated 95 kilometres north of Hazelton. It lies immediately to the
south of the confluence of Tommy Jack Creek with the Sicintine River, which in turn flows into the
Skeena River.

Access is by helicopter, about an hours flight from Smithers. There are presently new logging
roads being built into the immediate area and the closest road is about 10 kilometres to the south.

The property is in the Atna Range of the Skeena Mountains. The slopes are gentle to moderately
steep with elevations ranging from 1140 to 1760 metres. A heavy virgin forest growth of balsam fir,
spruce and hemlock covers most of the claim area up to 1500 metres elevation, above which heather,
scrub fir , grass-covered areas and talus predominate.

CLATM DATA
The Tommy Jack property comprises 59 claim units (6 units are over staked by a 20 unit ¢laim)
All claims are owned 100% by Alan Raven

CLAIM TENURE WORK STATUS TAG UNITS
NAME NUMBER RECORDED TQ Good standing NUMBER
TI-1 370954 2000/07/31 2000407/31 618368M 1
TI-2 370953 2000/07/31 2000407431 618369M 1
TI-3 370956 2000/07/31 2000/07/31 618370M 1
TI-4 370957 2000/07/31 2000/07/31 618371M 1
TJ 8 370169 2000407/11 2000/07/11 61358 20
TJ 9 338271 2000/07/28 2000/07/28 625415M 1
T] 10 338272 2000407120 2000/07/20 126267 18
TI 11 345649 2000/05/02 2000/05/02 625519M 1
TI 12 345650 2000405/02 2000/05/02 625520M 1
TJ 13 345631 2000/05/02 2000/05/02 £625521M 1
TI-17 345652 2000/05/02 2000/05/02 6254160 1
TJ-18 345653 2000/05/02 2000/05/02 625417TM 1
TJ-22 345654 20004053402 2000/05/02 625422M 1

Note: TI - 11, 12, 13, 17, 18 and 22 will be included within TJ - 8 when this work is filed.
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HISTORY OF THE PROPERTY
Canex Aerial Exploration 1964-63

&

Lome Warren 1984

Optioned by Noranda 1984-85

Option continued and additional ground staked Noranda/Gold Cap JV 1986-87
Option continuged Noranda/Gold Cap/Intertech TV { new largets generated ) 1988-89
Property idle but in good standing. Opticn with Warren dropped

* + &

-

Raven gequired 19 units as some of the ground covered by the new largets lapses 1993
Raven acquired 6 units as additional ground lapses ( Warren also acquires adjoining claims) 1996

Raven acquired 24 units {which include 6 units staked in 1995) in 1999 to cover target areas

. * + & *

Approximate total expenditures on exploration in the immediate area to date is $650,000.00

Note: The majority of the Noranda/Gold Cap monies were spent on Warren's ground which
adjoins the Tommy Jack property on the northwest

GEOLOGY

REGIONAL GEOLOGY

The Tommy Jack Creck property is in the Intermontane belt, one of the five major subdivisions
of the Canadian Cordillera. The belt consists of Mesozoic volcanic and sedimentary rocks and is bounded
on the east by the metamorphic rocks of the Omineca Belt and on the west by the Coast Crystalling Belt.

The rocks underlying the claim area are part of a thick assemblage of marine and non-marine
sediments composed of shale, siltstone, sandstone and conglomerate (fig 2). The assemblage, referred to
as the Bowser Lake Group, was deposited in a broad basin (Bowser Basin) at least 200 kilometres wide
and 300 kilometres long. This basin is interpreted by Eisbacher (1977) to be a marginal basin (developed
along the continental margin), open to the west and filled with sediments derived from a tectonically
thickened welt in the east and from the older terranes and volcanic chains on the west. Subsequent sea
floor spreading and subduction resulted in 1) the welding of the older volcanic-plutonic terranes onto the
continental crust and 2) uplift and deformation of the rocks of the Bowser Basin.

Intrusive into the Bowser Group sedimentary rocks are a serigs of stocks and small batholiths of
porphyritic granodiorite and quartz monzonite termed the Bulkley Intrusions. They lie in a belt 30
kilometres wide and 300 kilometres long, and include a cluster of intrusions in the Atna and Sicintine
Ranges in the north and extend southward to include the Quanchus Intrusions in the Whitesail Lake area.
The Tommy Jack Creek property is ten kilometres north of the known northern limit of this belt.

The Bulkley Intrusions have a number of common characteristics including:

1} Cretaceous age (70 to 84 million years)

2) high level characteristics

3} host to a number of important copper-molybdenum and molybdenum-tungsten deposits

(Carter, 1981} such as Mt. Tomlinson and Glacier Gulch, and

4) host to a number of important precious and base metal deposits such as the Silver Standard

and Rocher Deboule Mings, both near Hazelion
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PROPERTY GEOLOGY

The Tommy Jack property is on the eastern edge of the Bowser Basin where tectonic movement
has uplified the sediments in collision with the continental margin and created pathways for the intrusive
rocks (Late Cretaceous Bulkley Suite and to the cast the Eocene Kastberg Suite),

The property is underlain by the Bowser Sediments which in the claim area consist of
interbedded sedimentary clastics; siltsione, arkosic sandstone, shale and argillite with minor
conglomerates. There are exposures of the siltsione and sandstone throughout the property but only minor
conglomerate was encountered in some of the drill holes. These beds are gently folded with a generally
westward dip on the west of the East Scarp of Moret Ridge, are deformed by a series of fault zones within
the property and dip gently east on the eastern boundary of the property.

Faulling has been the result of tectonic extension which has caused a series of down dropped
blocks on the property, Each successive block has dropped as one moves from west to east across the
property. The majority of faults and airphoto lineaments strike 340 to 360 degrees but there are also east -
west structures indicated on the airphotos. Faulting is observed on the ground, in drill holes and on air
photographs. There is a possible uplifi of one of the central blocks as indicated by a circular feature
expressed on the airphoto. This may be an expression of a buried intrusive from which the dacite dvkes
originated and/or from which the mineralizing fluids were derived.

The sediment package is intraded by a felsic unit of the Cretacous Bulkley Intrusive Suite(?),
field named dacite. Multiple intersections of the dacite in the drill holes suggests that there are multiple
dvkes within each of these fault zones {(dyke swarms) or that intense faulting has broken single dykes into
small sections. The dacites have pervasive sericite and carbonate alteration with the mafic minerals
altering to chlorite,

The quartz and quartz/carbonate veining is multi-directional in both the sediments (sandstone
and siltstone} and the dacite dykes. The data supports the interpretation that this veining occurs within
broad fault zones within all rock types that the structures penetrate ¢.g. stockworks in both
sandstone/siltstone and the dacite dykes were noted in drill holes.

ROCK SAMPLES

A total of 35 rock samples were collected from various locations on the Tommy Jack property in
the 1999 season (figs. #3 and 6). These samples were collected from bedrock outcrop or exposures except
for TIR-5 to 9 which are floats, TIR-11 and 28 which are sub-crop.

TIR-2, 3 and 4 were collected from the hand trench, #1 in fig. 3, dug to expose the SP anomaly at
6800N 9110E ( anomaly #5 ). These samples carried anomalous gold values and were also highly
anomalous in arsenic. The samples were taken from the graphitic shear/fault zone outlined by the SP
survey. The graphite zone is within the siltstone, in contact to the west with sandstone. The samples are
located approximately 10 metres cast of the high grade (664 oz/t) sample of massive pyrite in the
sandstone

TIR-5 is a sharply angular picce of sandstone float that was located a short distance down ice
from the area of the SP, soil and the VLF anomalies of the main area surveyed in 1999, This sandstone is
fractured, pyritic with pyrite fracture fillings, carbonate altered, weakly anomalous in gold, strongly
anomalous in arsenic and sulphur and weakly anomalous in lead and zinc.

TIR-19, one of the samples from the hand trench #2 {TJR-17 to 21), is weakly anomalous in gold
and moderately anomalous in arsenic, The series of adjoining samples { TIR- 17 to 21 }, are all anomalous
in arsenic, are from altered siltstone, are located in an arsenic so0il anomaly and are located in a weak SP
anomaly area.

TIR-27 is sandstone exposed in the bed of Unnamed Creek approximately 5 ~ 10 metres upstream
of the dacite dike mapped by Allen ( fig# 3 ). This sandstone is mineralized with galena and pyrite. It is
strongly anomalous in silver, lead and cadminm as well as anomalous in zinc and sulphur.

In the area of trench #2 the arsenic values in the silistone are sufficient to generate the arsenic
soil anomalies.

NOTE: No samples of quartz with significant sulphide content collected in the 1999 season were analyzed
because all samples of sulphide rich quartz collected by Noranda and Intertech returned good to excellent
gold values (.2 to >2.0 oz/t)
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ROCK SAMPLES TOMMY JACK 1599

SAMPLE # DESCRIPTION Au Agr Pb Zn As
TJIR-1 o/c, sdst with qtz stwk, grab across 0.3 m. <5 <02 | <2 24 <2
TIR-2 o/c, black/brown slst with minor qtz veins, iron 85 04 20 30 240
stained, fractured, manganese oxide, rep X 0.25 m.
TIR-3 o/c, continuous to #2 going west, gtz zone in slst 195 02 10 10 162
with pyrite and graphite, rep X 0.22m.
TIR-4 o/c, continuous 1o # 3 going west, slst with minor 100 0.2 10 28 248
pvrile, iron stained, rep X 0.30m.
TIR-5 float, angular sdst with disseminated pyrite and 15 0.6 32 108 | 394
vrite fracture fillings, possible arsenopyrite
TIR-6 large angular floats sub-crop?, black sist with qtz- <5 0.2 <2 34 38
carbonate veining and pyrite
TIR-7 float, sub-crop?, hornfelsed sdst with gtz veining <5 0.2 <2 116 32
and pyrite
TIR-8 angular float, micacous altered sdst or altered dacite, | <5 <02 2 46 8
gtz veining with pvrite
TIR-G float, angular sdst with qtz stwk <5 <0).2 <2 12 6
TIR-10 ofc, grab, foliated altered sdst, arsenopyrite? <5 0.2 2 82 20
TIR-11 float, sub-~crop, fine sdst with qtz-carb veining, <5 <02 2 48 32
contains mingr remaining pyrite
TIR-12 o/c, qtz-carb zone, chip X 0.5 m <5 <02 | <2 22 16
TIR-13 o/c, qtz vein in gtz-carb zong, rep X 0.25m <5 | <02 | <2 <2 <2
TIR-14 o/c, qiz-carb zone, breccia, rep X 0.25m <5 0.2 4 32 <2
TIR-15 o/c, sdst with fine qtz filled fractures <5 0.2 4 of) <2
TIR-16 o/c as #15 <5 0.2 4 78 6
TIR-17 o/c, altered slst with qiz-carb veining, chip X 0.7m <5 14 <2 2 66
TIR-18 o/c, altered slst with gtz-carb veining, chip X 1.0m <5 0.2 2 16 98
TIR-19 oic, altered slst with giz-carb veining, chip X 1.0m 25 0.6 2 34 132
TIR-20 ofc, altered slst with gtz-carb veining, chip X 1.0m <5 <0.2 2 26 88
TIR-21 ofc, altered slst with gtz-carb veining, chip X 0.8m <5 0.2 2 30 66
TIR-22 ofc, qiz~carb from trench (TJR 17 to 21) <5 | <02 ] 2 34 12
TIR-23 o/c, altered slst with qtz-carb veining, chip X 0.75m. | <5 0.2 6 52 34
TIR-24 o/c, slst, chip X 0.4m <5 0.2 <32 108 16
TIR-25 o/c, slst, chip X 0.6m continuous below #24 <3 0.2 2 120 16
TIR-26 ofc, slst, grab <5 0.2 2 114 8
TIR-27 o/c, sdst with qtz stwk, galena <5 2.6 288 | 282 30
TIR-28 sub-crop, sdst with gtz veinlets, grab <5 0.2 2 30 62
TIR-29 ofc, black slst, grab <5 0.4 2 80 40
TIR-30 ofc, black slst, grab <5 <0.2 4 116 8
TIR-31 ofc, sdst with qtz-carb veining, chip X 0.3m <5 0.4 12 70 70
TIR-32 o/c, sdst with qtz-carb veining, chip X 0.5m <5 0.4 4 40) 24
TIR-33 o/c, qtz vein chip X 0.35m.(#31, 32, 33 continuous) <5 <0.2 | <2 20 64
TIR-34 o/c, altered micaeous sdst (felsic dike 7) pyrite, qiz <5 ] <02 ] <2 42 2
veins, carb. alteraticn, grab
TIR-35 ofc, altered micacous sdst {felsic dike 7) pyrite, qz <5 <0.2 2 68 <2

veins, carb, alteration, grab

o/c = oulcrop(exposure), sdst = sandstone, slst = siltstone(includes mudstone, claystone and very fine
sdst}, qtz = quartz, stwk = stockwork, carb. = carbonate usually ankerite, rep. = representative, X = across
Analytical values: Au in ppb, Ag, Pb, Zn and As are in ppm.
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SELF POTENTIAL SURVEY

OBJECTIVES

The objectives are to determine if 8.P. will delineate structure, rock type and/or suiphide
mineralization in this geological environment while at the same time testing the feasibility and usefulness
of this type of geophysical survey on the Tommy Jack property.

BASICS OF THE SELF POTENTIAL GEOPHYSICAL SURVEY

The self-potential method is small-scaled, versatile, and provides a simple, reliable and
economical means of near-surface clectrical prospecting for certain base metal sulphides and other
mineral resources. {E.G. Pye, Director, Ontario Geological Survey)

Important Facts (Burr, 8. V. 1982)

1. Natural SP anomalies of a few hundred to over a thousand millivolts, and of negative sign by
conventlion, are caused by the iron sulphides pyrite and pyrrhotite, the copper sulphide chalcopyrite,
and the native element graphite. Graphite gives the strongest SP reaction, followed by pyrrhotite,
pyrite, and chalcopyrite. Strong negative anomalies are also reported over chalcocite, covellite and
anthracite (Sato and Mooney 1960).

2. Manganese oxides (psilomelane and pyrolusite wads) have been chserved to give positive SP

anomalies.

The peak of an SP anomaly is detected with the measuring pot positioned directly above the source.

4. The SP method does not determine secondary fields, so survey results are much easier to interpret. It
does not respond to subsurface valleys, wet clay, shears, or faults; and, in the author’s experience, the
SP method does not provide results which could lead to a false anomaly.

5. The SP method responds to good conducting sulphides (both oxidized and unoxidized bodies).
graphile, and nonconducting (disseminated) sutphides if these sulphides are oxidizing.

6. The SP method does not respond to zinc, lead, gold, or silver mingrals. However, some iron or copper
sulphides are generally present with these metals and, if oxidizing, will result in an anomaly.

7. Inthe case of a strong and obvious graphite SP anomaly, the method cannot indicate the presence or
absence of associated sulphides,

L

Brief Theory (Burr, S.V.)

Most explanations of the SP phenomenon propose that a “wet” sulphide (or graphite) body
develops negative and positive electrical potentials at its top and bottom, resulting in a both metallically
and electrolytically mediated “flow” of electrochemically generated current around and through the body.

It is possible that sulphide and graphite bodies in contact with ground water electrolytes induce a
“spontaneous” DC flow of current, but local ground currents are not solely related to potential differences
arising from spontaneous polarization of a conducting body. The author considers that the natural telluric
fields and currents encircling the earth provide a natural applied electrical field which - close to an
elcctrolyte-bathed SP body - can give rise to a “conducive™ spontaneous polarization effect which distorts
the local primary geosymmetry of natural electrical fields near the earth’s surface.

Self Potential Equipment

The equipment used on the project was a digital Fluke multimeter (Model 77) with the scale set
to accurately read to +/~ 1mV, a 300 metre spool of IP wire on an IP spool, two porous SP pots filled with
a supersaturated solution of copper sulphate and a canvas bag partially filled with wet clay/humus
material for each pot.




8

ORIENTATION and TEST SURVEY

The orientation and test survey was carried out in the area east of Noranda grid co-ordinates
6800N 90U0E which is equal to Intertech grid co-ordinates 19150N 21300E. The rock exposed in the
Intertech trench is sandstone with a small massive sulphide (pvrite) vein (lens?) which assayed .664 oz/t
over 8 inches. This region also has a gold soil geochem anomaly with values of 30 to 6200 ppb ina 30 X
40 metre area. The test was carried out over known sulphide mineralization with good gold grades within
the sandstone. The graphite rich zone was not known at the time of the orientation survey. This area was
chosen because it has muiti-element soil and VLF anomalies, high grade {loats in the area, a confirmed
gold showing and is located on a major lineament.
Note: Only “bare™ SP pots were used in the test/orientation survey otherwise all the survey was carried out
using the same methodology as described below.

METHODOLOGY

The baseline location was chosen to be between four known VLF anomalies, within the area of
multi-element soil anomalies and within the physical parameters of the available equipment.

The previously established grid stations were used throughout the SP surveys (whenever possible)
so that previous data, geophysical and geochemical, would correlate Lo exactly 1o the same reference
points as the new data generated in 1999,

The methods used on this survey were the ones described by 8.V, Burr (appendix 3). The survey
was carried out using a 300 metres of wire wound on an LP. reel, two porous pots each in a canvas bag
and a Fluke multimeter (Model 77 with the scale set so the readings were accurate to 1mV). In the
primary target area (see figure #35 ) an S.P. baseline was set up with stations and readings taken every 25
metres plus wherever the baseline crossed one of the east - west gridlines. The main area baseline is siope
corrected, with a bearing of 170 degrees, a total length of 300 metres and the stations marked with Tyvek
tags secured with wire ties. A base station was set up wherever a grid line crossed the SP baseline and the
moving pot was used to take readings on both sides of the baseline. The grid line readings were taken at
10 metre intervals for 250 to 300 metres on both the east and west side of the baseline. The detail readings
were taken in the areas requiring more definition (2m down to 15 cm spacing depending on the detail
required). The grid on the ¢ast side of Unnamed Creek was much smaller with a smaller baseline and
survey arca but used the same spacing for stations and readings as the main grid area. A total of
approximately 900 readings were taken on these surveys ( 10 to 2 metre spaced readings, calculations and
normalized values are tabulated in appendix #2 )

RESULTS

The SP survey was snccessful in proving it is a feasible, useful and cost effective exploration tool
to use on the Tommy Jack property. The survey indicated the placement of structures related to the
graphite enriched fault/shear zones. The anomaties correlated very well with the previous VLF anomalies
generated by the Intertech survey (Allen 1989) and accurately located the probable source of the VLF
conductors. This accuracy enabled me to dig several hand trenches and pits to test these anomalies.
Several of the anomalies are too deep to practically trench by hand particularly on the western side of the
main area (fig. 5). It appears, at this early stage, that the SP survey will also help to delineate the rock
nnits by their SP signature. The strongest anomaly is coincident with a VLF anomaly and has been
generated mainly(?) by the graphite content of the structure.
The SP anomalics in the main target area are;
#1 - 18500N (south) 21560F to 19225N 21380F a > 750 metres
#2 - 18300N 21610E to 19225N 21303E > 900 metres
#3 - 1BB00N 21240E to 18900N 21220E > 100 metres
#4 - 18700N 21200E to 18900N 21140E > 200 metres
#5 - northern part of #1
#6 - northern part of #2
#7 - 18600N 21400E +/- 100 metres
#8 - 18300N 21210E +/- 100 metres (weak anomaly)
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Description of the anomalies

#1 - This includes #5 which forms the northern part of the anomaly. The normalized values at
the grid lines are, from the south, -337, -360, -476, -536, -474, -720, -587 and -522 mV, I interpreted
these valucs to be in the area of the graphite except for the most southern (-396) reading which may align
more with the #2 anomaly than with the #1 apomaly. This anomaly contains the sulphide zone that was
exposed in the Intertech trench and the graphite zone discovered in 1999. The graphite is located within
10 metres of the massive sulphide vein and probably masked the sulphide signature.

#2 - This includes #6 which forms the northern end of the anomaly. The normalized values, from
the south, are -396, -508, -456, 439, 415, -303, -349_-376 and -43% mV. [interpret that the values in
this anomaly may have been generated by sulphide veins/zones because of the more gradual change in
values in comparison to the graphite zone and the overall Jower values. This gradual change may also be
due to a much greater depth to bedrock but I did not see anything that would in indicate a significant
change in the depth of the overburden.

#3 - The normalized values, from the south, are -376 and -429 mV. This is a short but strong
anomaly which may be generated by sulphides and not graphite as per my interpretation in #2.

#4 - The normalized values, from the south, are -213, -412 and -416 mV. This is also a short but
strong anomaly with values in the same range as #2 and #3. 1 also believe that this anomaly may be
caused by sulphides and nol graphite, There is a dramatic change in values between stations 21120E and
21110E on line 18900N where the values change 242 mV within 10 metres thereby indicating a rock type
change.

#8 - This weak anomaly is only about 100 metres and appears to be isolated from the others. It is
however in an arsenic soil anomaly and therefore have more significance than the numbers suggest.

DISCUSSION OF RESULTS
Self Potential Survey

The SP survey gencrated several anomalies in the main target area, some of which are coincident
with the VLF anomalies generated by the Intertech surveys. The contoured values of the data indicate the
location of one of the main structures as well as other structures and / or sulphide/graphite zones and /or
rock units. The S.P. correlated very well with the previous V.L.F. survey done by Intertech Minerals (fig,
#35 ) The accuracy of the SP survey determined the precise location of the anemaly thus indicating the best
target area for a hand trench. The hand trenching was successful in locating the anomaly in the area of
6800N 9100E (Noranda) which was graphite and sulphides in a shear zone. The results of the survey
indicate that the self potential clectrical geophysical method is a wseful exploration tool in this area. It
generated a series of anomalies that are paralle! to the principal structures as interpreted from the air
photos and delineated a graphite rich that is anomalous in gold and pathfinder clements. It should be
noled that the majority of high grade floats found on this property contain graphite.

All of these anomalies, except 7 and 8, are open to the north. These anomalies are all sub-parallel
10 one anather and | believe they are structurally related. I also interpret that a fault, bearing 133 degrees
from 18300N 21610E to 183300N 21140E, has affected the anomalies. This structure has terminated
anomalies 2, 3 and 4 on the south and also displaced 1 on the south end. The anomalies arc also
coincident or nearly so, with the previous VLF anomalies (Intertech). These anomalies may outline a wide
shear zone in the sedimentary rocks. The wide spacing of the grid lines between 18400N and 18700N
makes the “tying together “ of the line to line values uncertain but the anomalies are still in the immediate
arga even if they turn out not to be not exactly as interpreted.

The high normalization value, -200mV used because of the graphitic zone, may have distorted
the plotted values but does not affect the interpretation of the anomalies. The normalized values in the -
300 to 400 mV range may indicate sulphides not graphite.

The survey appears to have becn set up in an anomalous area so that we may have been detecting
anomalies within an anomaly which would further complicate the interpretation of the data.
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I have noted that while “potting around” the near surface narrow graphite zone ong gels
relatively large fluctuations in the readings over very short distances, for example, 10 10 30mV over a
distance of 15 to 25 em. In this survey the graphite zone was only 10 to 25 cm wide covered by 0.5m of
overburden and the readings varied by 30 to 40 mV over less than 0.5 metres. The graphite readings were
in the 450 to -520mV range relative to the base station value of 0 mV in the test area of the Tommy Jack
survey. The more gradual change in values such as 100mV over 40 to 50 metres may indicate sulphide
veins and not graphite,

Note: The survey condugted east of Unnamed Creek is too small to be of any practical use uniil it
is expanded.

Boulder trains

The physical location of the floats found on the property was something of a puzzle to me
because of the dispersion pattern. This pattern consisted of large floats being topographically downslope
from smaller pieces but I could not find, after concentrated effort, any sign of a source for these
mineralized floats upslope from their location. I traced a boulder train on one of the upper fault blocks, a
text book example in very shallow overburden, thereby realizing that the floats had been transported
south. This southerly moving ice transported the floats uphill and subparallel to the east scarp of Moret
Ridge and is the source of the scattered “lonely” floats found on the ridge and on the eastern talus slopes.
This also helps explain the location of (he large floats (up to 1 metre) at the base of the scarps and down-
ice from the soil, VLF and SP anomalics.

Rock Samples

There have been many rock samples, primarily floats but of very local origin, that are of excellent
grade found throughout the property. The grades range from .2 to 2.1 oz/ton gold and .3 to 74 oz/ton
silver. These rocks are usually quartz and sulphide rich but the quartz can be sulphide poor and still carry
excellent gold grades (Noranda/Intertech data). These floats can be found in most drainage patterns within
the target areas as well as scattered within the overburden from just west of Beaver Creek to east of i
Unnamed Creek a distance of approximately 3 kilometres across the strike of the structures.

Structures

Extensional tectonics generated multiple subparallel faults in a northwest to northerly direction
as well as faults in northeast to easterly direction. The faulting dropped each block as one goes from west ;
to east. This interpretation is based on drill sections, air photo lineaments, topography and my own
experience on the ground. I believe that there are a series of subparallel faults with a NNW strike that
cross the property and are parallel to or a splay of the major Sicintine fault zone which is just to the east.
There are also indications of fault zones at almost right angles to the main fault zone as indicated by the
drainage pattern of the bottom of Unnamed Creek, the strike of a dacite dike in Unnamed Creek and an f
airphoto lineaments on the southeast corner of the area. The fanlt mapped by Allen (NNE trending) goes
from the headwaters area of Beaver Creek towards the area of Noranda’s most intense drilling which may
help explain the problems of correlating hole to hole data. This NNE trending fault {Allen’s) may also be
the reason for the fragmentation and deflection of the soil and VLF anomalies in the upper area of Beaver
Creek. These fault zones provided conduits and areas of weakness for the penetration of the intrusive
bodies and the mineralizing solutions. Multiple episodes of fracturing resulted in the rock units becoming
receptive to mineralization in both the sediments and the intrusive bodies.
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Mineralization

The mineralization consists of pyrite, arsenopyrite, galena, sphalerite, tetrahedrite and
chalcopytite primarily in a quartz or quartz-carbonate altered rock. The mineralization is related to dykes
and/or fault structures, it is emplaced in veins, veinlets and/or stockworks and carmes values in gold and
silver. The alteration consists of qtz-carbonaie ( ankerite, calcite, dolomite ) serecite and chlorite { mafic
minerals in the granodiorite dykes ). The dykes themselves show alteralion { ¢lay minerals, carbonate and
sericite ) and contain stockworks of mineralized guartz. The sandstones, being more permeable, show the
greatest degree of carbonate alieration with ankerite, calcite and qtz-carbonate forming veins and fracture
fillings. The carbonate alteration zone mapped to date is approximately 2 k. X 3.5 km. and open to the
sontheast, In Allen’s report for Intertech (1989) his staristical analysis indicates that there are at least two
populations of mineralization thus suggesting at least two mineralizing pulses and possible overprinting of
alteration/mineralization,

The highest drill sample assay came from a quartz vein within a dacite dvke (31 grams/ton gold
over .2 metre). Fracture fillings in the intrusives consists of quartz and quartz-carbonate veins and veinlets
that usually carry gold and/or sulphide mineralization.

e.g. DDH87-14 0.6 metre 31.85 gmt Au 129.0 gmt Ag

DDH 87-15 0.6 metre 4.25 gmt Au  17.6 gmt Ag

DDH 87-22 0.2 metre 13.0 gmtAu 46.2 gmt Ap

DDH 87-23 0.2 metre 485 gmt Au 1243.0 gmt Ag
The “best™ drill intersection was in drill hole #86-5 - 4.3 grams over 6.6 metres - in a quartz stockwork
within the sandstone/siltstone. (The drill results listed above are on the Warren ground adjoining on the
northwest.)

Ice Movement

The 1999 program supports the interpretation of a southerly movement of the glacial ice on the
Tommy Jack property. The interpretation of transported soil anomalies is supperted by the data collected
by the tracing of boulder trains, the exposure of bedrock by hand trenching of the soil anomalies and the
analytical data. There is no cbvious evidence that this transport of soil anomalies was of any significant
distance and that all the source rocks are therefore in the immediate vicinity.

Soil Anomalies
The soil anomalies generated by Noranda and Intertech should be re-interpreted in light of the

probable transport and smearing of soils by glacial action.

Intrusives

Bulkley Intrusives are a Late Cretaceous suite of granitic rocks that intrude the Jurassic Bowser
Sediments in the property area. On the property the intrusives consist of dikes and sills which are an end
phase felsic rock {dacite) that is fractured, altered and in some cases mineralized.
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POTENTIAL OF THE TOMMY JACK PROPERTY

TARGETS

Carbonate (sediment) hosted bulk mineable gold deposit similar to Carlin, Golden Bear and
Brewery Creck.
-this property has similarities to the above deposits such as host rocks, structure and
geological setting, The stockworks of gold bearing quartz within the sedimentary units
indicate the possibilities of a large tonnage deposit

Intrusive hosted, structarally controlled deposit
-gold mineralized stockworks within the intrusive dykes themselves
-multiple subparallel faults that probably penetrate the intrusive as indicated by
the stockworks within the dacite dykes

High grade veins within the sediments similar 1o the Silver Standard Mine to the south.

-the numerous high grade floats found in the area indicate the possibilities of high grade
veins on the periphery of a larger gold bearing system
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STATEMENT OF QUALIFICATIONS

1969 - 73 -———— Mineral Exploration

-geochemical surveys, geophysics, prospecting in B.C.

1973 - 74 ==e-e— Mineral Exploration

-geochemical surveys, geophysics, diamond drilling in Australia

1974 to Present -- Mineral Exploration

-geochemical surveys., geophysical surveys, geological mapping, prospecting, crew training and

exploration project management in B.C. and the Western U.S A
(Washington,California,Nevada, Arizona, Utah)

EDUCATION in GEOLOGY

1977 Prospector’s Course - College of New Caledonia - Prince George B.C.

1977 Advanced Prospector’s Course - Selkirk College - Castlegar B.C.

1986 Advanced Prospector’s Course - Malaspina College - Nanaimo B.C.

1988 Exploration Geochemistry - NWFMA and Association of Exploration Geochemists -
Spokane Washington U.S.A.

1990 Pctrology for Prospectors - Dr. T. Richards - Smithers B.C.

1997 Tropical Geochemistry - MDRU Short Course - Vancouver B.C.

1998 MDRU Short Courses
- Mineral Exploration and Community Relations in Latin America
- Satellite and Topographical Images and Their Stuctural Analysis in Mineral

Exploration

Alan R. Raven
December 1999




APPENDIX 1
ANALYTICAL RESULTS

i4




Chemex Labs Ltd.

o:  RAVEN, ALAN

BOX 80
Analytical Chemists * Geoclamists * Regtsterad Assayers GARDEN BAY, BC
212 Brooksbank Ave,, North Vancouver VON 180 A9926990
gat‘gh Columbia, Canada V7l 2C1
NE; 804-984-0221 FAX: G04-984-0218 Comments: ATTN: ALAN RAVEN
CERTIFICATE A9926990 ANALYTICAL PROCEDURES
{LVt) - RAVEN, ALAN CHEMEX |NUMBER DETECTION UPPER
Project: TV CQDE  [SAMPLES] DESCRIPTION METHOD LiMIT LT
PO #: - — e —— e —— e
la 983 35 |Au ppb: Fuse 30 g mample FR-AAS ] 10000
g ,:p;:?‘tﬁ:‘:rizt::‘o:‘ggf’;zgﬂ;g';“’"' Be- 2118 | 35 |Ag ppm: 32 clement, soil & rock  ICP-AES 0.2 100.0
’ 2119 35 |Al %: 32 elament, smsoil & rock ICP-AES 0.01 15.00
a120 35 (A= ppm: 32 element, soll E Tock 1CP-AE3 i 10000
857 35 B ppir 32 alement, rock & Boil ICP-AES 10 10000
2131 35 Ba ppm: 32 aelement, soil & rock ICP-AES 10 10000
2112 35 Be ppmy 32 aelement, soil & rock ICP-AES 0.5 100.0
2123 11 Bi pprar 32 element, soil & rock ICP-AES 2 100600
2124 a5 ca %1 31 slemsnt, scil & rock ICP-ARS .01 15.00
SAMPLE PREPARATION 1125 35 |cd ppm: 32 slement, soil & rock ICP-AE# 0.5 500
i 2136 35 [Co ppm: 32 element, soil & rock ICP-AES 1 10000
3127 35 Cr ppm: 31 alamsnt, soll & rock ICP-AES 1 10000
CHEMEX |NUMBER 2139 35 Cu ppms 32 element, soil & rock ICP-AES 1 10000
CODE  |SAMPLES CESCRIPTION 2150 35 |Pe %: 32 slement, soll & rock ICP-AES 0.01 15.00
a13¢ 35 Ga ppm: 32 element, soll & rock ICP-AES 10 10000
-] 2131 35 Hg ppm: 32 elament, soil & rock ICP-AR3 1 10040
205 as Geochem ring to approx 150 mesh 2132 35 |K %: 3% element, szmcil & rock ICP-AES 0.01 10.00
2316 25 0=3 Kg crush and aplit 2151 3% La ppm: 31 element, soil & rock ICE-ARB ] 10000
3202 k13 Rock - Rave entire rejact 2134 as Mg %: 32 element, sall & rock ICP-AE8 0.01 15.00
225 35 ICP - AQ Digestion charge 2135 s ¥n ppm: 32 element, soll & rock ICP-AEZ 5 10000
213§ 35 Mo ppmi 32 elament, soil & Tock ICE=-RES 1 10000
2137 a5 Na %: 32 elemaent, soil & rock ICP-AES 0.0t 10.00
2138 a5 HNi ppmi 32 alement, scil & rock ICP-AES 1 10000
21353 as P ppm: 32 alement, moll & rock ICP-AES 10 10000
2140 s b ppm: 312 element, so0il & rock ICP-ABS 2 10000
551 k] 8 % 32 alement, rock & soil ICP-AES 0.01 5.00
2141 35 §b ppm: 3% elament, scil & rock ICP=-AES 2 100400
2142 35 Sc ppmi: 31 elaments, soil & rock ICP=AES 1 10000
2143 35 Sr ppm: 31 elament, soll & rock ICP-AES 1 10000
= _NOTE [1: 1144 35 Ti %: 32 elamant, soll & rock ICE-AES 0.01 i0.00
2145 35 T1 ppm: 3% alament, soll & rock ICP=-RES 10 10000
The 32 element ICP packase iz suitabla for 2146 35 |U ppm: 3% element, smoil & rock ICP-AES 1a 10000
trace mestals Iin soll and rock samples. 2147 35 vV ppur 32 element, m0il & rock ICF-AER 1 10000
Elamenta for which the nitric-aqua regia 2148 35 W ppm: 32 elament, scil & rock ICP-AERS 10 10000
digestion is possibly incomplete are: Al, 2149 35 Zn ppm: 32 element, scll & rock ICE-RES 2 19000
DBa, Ba, Ca, Cr, Ga, K, La, Mg, Na, Sr, Ti,
Tl, W.
L.
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Chemex Labs Ltd. o " P 1 1

Cerlificate Date: 09-SEP-1599

Analytical Chemists * Geachermists * Registared Assayors GARDEN BAY, BC }g\\giﬁh‘f Nﬂg - (9928990
212 Brooksbank Ava., North Vancouver VON 150 A\.:{:t.)ur:-ltm o LV
British Columbia, Canads V7l 2c) Projact : T.V. o
PHONE: 604-984-0221 FAX; 604-984-0218 Comments:  ATTN: ALAN RAVEN
CERTIFICATE OF ANALYSIS A9926990 I
BREP Au ppb Ag Al Ag B Ba Be ai Ca cd Co cr Cu Fe Ga Hg K La Mg
SANPLE CODE FA+AA o] % PoR ppm ppm ppl PEM % prm ppi ppo ppR % ppm ppm % ppu %
IraR-1 205| 226 <85 < 0.2 0.75 <2 <10 130 < 0.5 <31 1.73 < 0.5 i 631 1 2,61 < 1 <1 0.31 10 0.13
(L 205| 226 8§ 0.4 1.04 240 < 10 120 < 0,5 <2  0.07 < 0.5 10 11 70 3,39 < 10 <1 0.30 10 p.02
LR -3 205) 226 195 0.2 0,87 162 < 10 70 < 0.5 <2 0.04 < 0.5 5 113 13 1,22 < 10 <1 0.22 <10 0,01
IR - 4 205| 226 100 0.2 1.12 M8 < 10 80 < 0.5 <2 0.01 < 0.5 16 11 86 3.03 <10 <t 0.3t 10  0.02
IR -5 205| 226 15 0.6 0.77 I < 10 80 < 0.5 <2 2.30 1.0 10 49 3 270 <10 <1 0.4l < 10 0.s4
TIR-6 205 238 <& 6.2 0.70 B < 10 60 < 0.5 <2 1.0 < 0.5 13 17 59 .08 <10 <1 0.32 10 0.41
FPIR-7 i0s| 226 <5 0.2 1.95 32 <10 70 < 0.5 <2 0.7 « 0.5 24 39 36 4.78 < 10 <1 0.1% <10 1,31
ITTR-8 205| 226 <5 <0.3 0.73 8 <10 130 < 0.5 <2 1.05 < 0,% a as 5 2.3 < to <1 0.33 10 0.08
IP3R-2 205) 216 <5 <0,2 0.33 6 < 10 50 < 0,5 £ 2 D0.06 < 0.5 1 228 31 L.56 <10 <1 0,16 <10 0.03
MIR-10 205 126 <5 0.2 1,82 W0 <10 70 < 0.5 <2 0.22 < 0.5 18 23 0 479 < 10 <1 0.21 <10 0,18
TIR-11 205{ 226 <5 < 0.2 0.52 32 <10 70 < 0.5 <2 0,0t < 0.5 8 134 8 4.0 < 10 <1 0,21 < 10 @.05
TIR-12 205 226 <5 < 0.2 0.56 16 < 10 60 < 0.5 <2 §.05 <0,§ 11 33 16 5.58 < 10 <1 0,24 <10 0.4
TIR-13 205) 226 <5 <90,2 0.19 <2 <10 10 < 0.5 <d 0.70 < 0.5 <1 293 1 0.90 < 10 <1 0.08 <10 0,03
MIR-14 208| 226 <5 0.2 0,29 <2 <10 20 < 0.5 <2 14.30 < 0.5 3 1 1 1115 <10 <1 0.08 < 10 3.91
rIR-15 205 226 <5 0.2 2,58 <2 <10 60 < 0.5 <32 2.1% < 0.5 18 i 57 5.4% <10 <1 0.15 <10 0.73
FOR-16 205| 226 < § 0,2 2.24 6 < 10 50 < 0,5 <2 1.65 < 0.5 14 a5 42 4.39 < 10 <1 0.10 <10 0.48
raR-17 205| 326 <8 1.4 0.83 66 < 10 B0 < 0.5 <3 0.13 < 0.5 18 25 300 1,23 < 10 €1 0.28 10 0,03
NIR-18 105| 226 <5 0.2 0.81 98 < 10 70 < 0.5 <2  0.17 < 0.5 19 64 55 3.6l < 10 <1 0.20 <10 .08
TIR-19 205| 226 25 0.6 0.71 132 < 10 70 < 0.5 <2  0.33 0.5 29 50 7% 5.3 < 10 <1 0.17 <10 (.07
TIR-20 205] 226 <S5 <0.2 0.9 PR < 1D 70 < 0.5 <2 0.34 < 0.5 22 78 15 5.35 < 10 €1 0,19 <10 0.06
IPIR-21 205| 226 <5 0.1 0.43 66 < 10 60 < 0.5 <3 0.22 <U0.5 17 59 19 £,04 <10 <1 0.12 <10 0.08
PIR-232 205| 226 <5 < 0.3 0.15 12 < 10 30 < 0.5 <2 0.04 <40.5 1 217 8 7.47 < 19 <1 0.03 <10 0.08
FIR-23 205| 226 <5 0.2 0.43 M <10 50 < 0.5 <2 0.06 < Q.5 14 51 7 9.8 < 10 <1 0.13 <10  0.07
PIR-24 206] 226 <5 0.2 2.20 16 < 10 100 < 0.5 <2 1.70 < 0.5 14 28 63 4.87 <10 <1 0.19 10 0.75%
IPIR-25 205| 226 <5 0.2 1.90 16 < 10 110 < 0.5 <32 2.06 < 0.5 17 27 51 4.584 < 10 <1 0.21 10 0.48
I'TR-26 205| 226 <5 0.2 2.49 2 < 10 80 < 0.§ <2 0.14 < 0.5 17 27 47 5.76 10 <1 D0.14 10 1.42
ITIR-27 208! 226 <5 2.6 0.66 0 <10 100 < 0.§ <2 2.5 3.b 4 73 #0233 <10 <1 0,34 <10 0.55
ITIR-18 205] 326 <5 0.3 0.54 63 < 10 60 < 0.5 <2 0,02 < 6,5 2 32 35 6,02 < 10 <1 0.14 10 0.06
MaR-29 205| 326 <5 0.4 2.03 40 < 10 80 < 0.5 <2 0.11 < 9.5 25 12 E1  4.55 <10 <1 0.18 10 0,43
ITIR- 30 205| 216 <§ <0,3 0.9 8 <10 90 < 0,6 <2 0.01 < 0,5 21 22 109 5,36 < 10 <1 0.15 < 10 0.04
iFIR-31 205| 22§ <5 0.4 0,48 7 < 10 60 <« 0.5 <2 0.59 0.5 24 &3 48 6.5¢ < 10 <1 0.12 <10 0.08
TIR-32 208] 226 <5 0.4 0,32 M <1 50 < 0.5 <2 3.79 < 0.5 10 201 3 5.4 < 10 <1 ©,09 <10 0.35
IR-33 205 226 <5 <0.3 0.14 64« 10 30 < 0.5 <21 0.66 < 0.5 1 262 1 2,88 <10 <1 0.03 <10 0.05
IMIR- 34 205} 226 <S5 <0,2 0.79 1 <10 150 < 0,5 <2 1.10 < 0.5 5 48 6§ 2,39 < 1p <1 0.27 10 0.05
ItIR-35 205} 236 <5 < 0.2 0.65 <2 <10 120 < 0.5 <2 1.5 < 0,5 4 33 4 2,31 < 19 <1 0.24 10 0,05

A
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Page Numb.. :1-8
Total Pages 1
Cartificate Date: 05-SEP-1999

GARDEN BAY, BC Invoice No. 119926990
212 Brooksbank Ave., North Vancouver ON 130 Eﬁcgdlmmber Lyl
British Columbia, Canada V7d 2C1 Project : TV )
PHCNE:; 604-984-0221 FAX: 604-984-0214 Comments; ATTN: ALAN RAVEN
CERTIFICATE OF ANALYSIS A9926990
PREP Mn Mo Ne. Ni P Pb 8 8h Bo 8r T Tl U v W in
BAMPLE Cong pyn  ppa % ppm  ppm  ppm % ppm ppm ppm % ppm  ppm  ppm PER Ppm
ITIR-1 205| 226 1855 2 0.05 1 800 <2 0,04 < 2 1 38 < 0,01 <30 < 10 5 < 10 24
TIR-2 205| 216 1490 1 0.04 3 860 0 o.01 < 2 10 101 < 0,01 <10 < 10 14 < 10 10
NTR-3 105{ 226 80 1 0.03 4 410 10 0.16 < 1 3 40 ¢ 0.01 < 10 < 10 10 < 10 10
P-4 205| 226 1095 10 .08 11 480 10 < 0.01 < 1 B 27 ¢ 0.01 < 10 < 10 15 < 10 28
rIR-5 205| 22¢ 80s 4 0,03 ] 650 2 111 < 1 bl 86 < 0.01 <10 < 10 § < 10 108
TTR-6 105] 216 1160 1 0.02 12 760 <1 0.06 < 2 8 19 < 0,01 <10 < 10 12 < ic 3
ITFR-7 205{ 226 240 i o.08 it 850 <1 0,01 ¢ & 46 < 0,01 <10 < 10 72 < 10 116
MR- 105{ 326 1010 1 6.05 4 740 2 0.13 < 2 3 16 < 0.01 < 10 < 10 6 < 10 16
TR~ 5 205 236 445 3 0,01 & 260 <2 0.03 <2 1 4 < 0.01 <10 <10 4 < 10 11
MIR-10 205 22¢ 605 <1 0,06 1% 450 2 0.09 < 1 8 26 < 0,01 <10 < 10 50 < 10 84
TIR-11 205| 226 us 1 0.03 8 480 X o0.0% <2 4 39 < 0,01 <10 < 10 1 < 10 48
IPIR-12 205 216 1580 3 0.04 19 5§10 < 2 .03 < 2 5 78 < .01 < 10 < 10 1é < 10 11
-13 205 136 175 5 0,01 5 100 <2 < 0.01 < 2 <1 7T<0.01 <10 < 10 5 ¢ 10 <3
-14 205| 336 3280 <1< 0,01 6 70 4 < 0,01 <2 3 137 < 0.01 < 10 < 10 0 < 10 k¥
JR-15 205|236 1160 2 0.0% 17 470 4 0.02 <1 8 17 < 0.01 < 10 < 10 8 < 10 90
-16 205| 226 260 i 0.10 " 510 4 < 0,01 <2 ] 40 < 0.01 < 10 < 10 % <10 78
~17 208 226 400 <1 0.07 12 430 <21 0.0l <2 5 30 < 0.08 < 10 < 10 13 < 10 1
-18 208 226 1140 3 0.07 16 £10 2 < 0,04 < 2 ] 55 < 9,01 < 10 < 10 17 < 10 16
JR-19 208| 226 1730 1 0,07 Erh 860 2 0,03 < 2 15 37 < 0,01 <10 < 10 6 < 10 H
TR-320 a0s| 226 1945 1 0,08 23 780 i<0.,01 < 2 11 37 < 0,01 <10 < 10 17 < 11 16
JR-21 108 226 2250 1 ¢.05 20 §90 1 o0.01 < 1 11 < 0,01 <10 < 1D 13 < 10 30
JR-22 105| 226 2070 3 o.02 3 150 1< 0.01 <2 5 15 < 0,04 < 10 < 10 13 < 10 T
TR-23 20s| 226 1835 <1 0,04 1% 550 6 < 0,01 < 2 7 8 <0,01 <10 < 10 15 < 10 52
TR-24 205| 22¢ 1170 1 0,08 1i 970 <1 <0,01 < 2 & 41 < 0,01 <10 < 10 39 < 10 108
TR-25 105| 226 1135 1 o0.47 15 1730 1 0,01 < 2 5 19 <001 <10 <10 40 < 10 120
JR-26 105|228 685 <1 0.0% 17 710 < 0.01 <2 é 13 < 0,01 < 10 < 10 89 < 10 114
JR-27 205|226 1025 2 0.02 k| 580 288 0.54 < 2 1 T4 <001 <10 < 10 1 <10 282
~18 205 226 15120 <1 Q.03 17 1150 1+ 0.01 'y 8 32 < 0.01 <10 < 10 4 <10 20
JR-29 205|226 695 <1 0.10 20 530 i< 0.01 < 2 B8 38 < 06.01 <10 <« 10 32 <10 80
~30 205 226 415 <1 0.0% a4 550 4 < 0,01 < 2 7 141 < €.01 < 10 < 10 53 ¢ 10 116
TR-31 205|216 1480 2 0.0& 4 700 12 < 0.01 < 2 15 31 < 0.01 <10 < 10 7 ¢ 10 10
JR-33% 108|226 2160 5 0.04 12 420 t < 0.01 < 3 8 45 < 0,01 <10 < 10 2 <10 40
~33 105|228 825 5 0.02 7 300 <% 0,01 < 2 1 23 < 0.01 <10 < 10 3 <10 0
JR-34 205| 228 775 1 0.09 1 920 <2 0,08 < 1 i 42 < Q.01 <10 < 10 7 <10 42
JR~35 205|226 705 i 0,08 1 890 & 0,07 < 2 2 33 < 0.01 <10 < 10 5 < 10 8

CERTIFICATION;
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SELF POTENTIAL DATA
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PROJECT: o il Free %y

SELF POTENTIAL DATA

Page

/

COMMENTS: START Atr Modex LBcony Qoeol | TesT Misswe Swehude Voind 10 Saglosron &

Aor TiEn rp ARG furJs

Line Statton Reading | Pot Corr. Base 3t | Corr. Wormalizer | Final Value Comments
mv COIT. Value | Value Value Value wV {plot)
Leoon| Fooos| & o8| & Z Z - 200 - zoo
10 -2 “76 -2l ~Zoo -2zk
Z0 - 4 — <4 - 2o - 24y
3o -135 - g - 2o - 335
40 | - 38 - 138 | -zso 318 | cvowcds (et Taoph AT )
%0 S| -(03 -3 | - 200 - 303 ok T " 1
o) ~ Si -5 - 2ov - ZSf
) - {3 - 3 - 20D - 2632
go =Sk - Sa - Zam - 256
bl -9y i 24 - Zoo - Z9¢
Proos] - it - 2t - Zo0 -2 )
/o | - 38% -38% | -zoo - s8% D he Pz { STRuCTIAS
20 | -%e - ¥e -2o86 - 27 ’F - i
1p +2 + 9 - Zoo =3 WM-?
o] — 3 -3¢ -z2e0 | ~236 '
TR el asaS
LBoor~ | Go98e| 18 - /B | ~200 - 318
oo | -t -/46 | -zo0 - 346
20 - 38¢ - 28% - 26 -S89
gnie]| -us - S - 260 - 35
ey | -/8Z - /B2 — Zoo -~ 382
o | -z26z2 - 262 -2eo - #62
Yo -2 ~2F{ - 280 = &9
F410 -386 —38k -2Zéo -~ SBL
2. —~ 53 s - 2o - 4653
Gy3E | =333 - 3323 -2&0 - 532
L2esn | Gioe | -320 -275 -2o0 £ <70
gnze | - #4506 -5 | -Zoo ~ LSO
ol | uoe | -42¢ -2 | - 2¢0 - 624
Gurel —478 -47Zg| -Zov -8
LBOZA | Flne | —458 - g| - 260 -658 ~
a5 | -84 -l | ~zZno | - 686 /
Uz - 428 - 28 | -2o0 - &z8 L aud Tesacn fesa
eSS | -¥57 -4Yg9 | -~ Z¢o - 659 | Sawmpet T8 0-2,3 ¢
Qi3 - 435 ~gig | ~Ze0 - L35 \
2735 | - 384 -384 | ~2oo _ 58y ’
G-
Additional comments.;

v Tadiz Soppw & N sey 2 Vhewt (~Zoo w \

ey e

Seee A

eenl, At Srarms wWeme

Loras FAgen. THis

BAcs Sewrzed € _Goco N Yovo £

iy

& bdoon 9YOE
st Feewedacd .

e 4‘%5 i e e (st dotin oo Sora} st et copmsyeat




— { ' SELF POTENTIAL DATA
PROJECT: [y —Ack 99 Page £
COI\Jﬂ‘dENTS::?ﬁﬂ.T oE lesT Geod (&,Ecﬂhl Yom e N’mg%) Lsotr BS. ‘J_’- Lo n)-Soopes
Line Station Reading Pot Corr. Base 5t | Corr. Normalizer | Final Value Comments
mV COIT. Value | Value Value Value (plot)
LIS /| GovoE] -29 |pewd ~24 | & -24 | ~Zeo -224
{0 il - oy A ~zdf
20 -57 -5t -25?
30 - 83 ~83 -28%
o ~1d9 149 - 349 |Guomaly
0L | - iz - 2k - 320 ¢
e - 2 ~ b2 - 262
Fi) - 45 o -Z45
o -=9 -89 - 757
?e -0 -90 -290
rooE | 1% - (9 - 3%
/0 -S57O . - $zZo0 -Z20 Guaebite
2 - 7. -4z - 242 [
30 1 # il v -/89
40 £S5 415 —~ 200 ~/BS
Dl BeaAd piesS
TS M Foor -2o5 | 6° -zos| & -Zos -2.80 - fps
oY -235 =235 A - 435
0% ) - 255 ~4fsg
1A -3z -3 -<m
ot 365 -36S Y 1Y
foTe] - 426 - ¢ 2l ~426
Y - 493 -4%3 ~6%3
40 & | -5z20 -5zo - 2o
44 ~4B2 ~ 482 -8z
/2 -425 - 4I5S -&ZS
/3 —32¥ ~3Z2F -S2F
¥ -22% -229 z — §x?
oys& | -1b3 -sb3 - 200 =33

Additional comments:




"—-'-.—- L.
PROIECT: ~ Ay Udcre ‘99

SELF POTENTIAL DATA

Page 5
COMMENTS: Pmtlr o€ 1 EST Gm/ blcor) Smo& MM&KJ Loty B A7 LBurt  FRoE

Line Station Reading Pot Corr. Base 8t | Corr. Nermalizer | Final Value Comments
mVY GOIT. Value | Value Value Value {plot)
oIS Geeos| -2+ 0% | -2v | & - 27 -200 -27%
f0 -L7F -7 A ~ 261
2o - 98 -9 ! - 298
30 - /85 - 8s ! - 385 \
do | -z37 -239 | - 439 |} ovurmale qucab s 07
0| - ot | s & - 16 -3¢ D g 7
[730] -s0 ~-50 -Z50
Fo - i - yf -2
#0 -dot - af -Z&f
90 -/23 -7z3 ~-3z3
9700 E| -3z2 _322 =522 | Quaplite vatis
/0 -Z18 - 28 - 48 rof
20 - &3 - 63 v - 263
3o -34 - 34 - 200 - Z3¥4
Deeratel.  Kontds wlS
ogzsa/| drowE| -322 |o® | -2z | & -322 -Zov -5z2 R
o/ -343 - 293 1 - 538 )
oz - L0 ~ 460 ~Lbo
o3 -S517 - S/t “HT Guecg hite, raluce
oy ~Si§ -SIY - 79 T 1
¥ os£ | 493 - %3 - £93
ob - 426 -YaL v -éz6 ]
oFf -30 -3¢0 | —zev -Sgo

Additional comments.




SELF POTENTIAL DATA

PROJECT: [ amwm Jacic. ‘99

COMMENTS: BASS LI nd &

Page ¢

Bl (107 Srear A (Bleom Zizoo&

Line Station Reading Pot Corr. Base 8t | Corr. Nommnalizer | Final Value Comments
mVY corr. | Value | Vajue Value Value (plot)
Baselwe| & — 105 & - 200 L~ GP00n] Zi3005
0125 | -+ ks -1 -Zoo -213
0t30 -t =1 —= i - 2o -2t
o+a3 120 t 2o 420 -260 - 18 L-/88oo~ Zf3I0E
otTs -S A -S - S - Zow - 205
l+eos| +b + L +lo -2v0 -4
425 1L 2 Z I ~zoD - 188
k5O +1 ‘15 +12 Hz - 200 - 1858
(35 | +io < |+ £10 ~2e _ 90 Z- /8 A 0Gr Z1330E
2rw00S | 2o ‘ﬁ +zZo + 20 ~240 =)
Z425 +1 L t+1 + -2et - 133
250 -8 b -8 -8 -2 a0 - 208
Z+7S | 41 N + ) -200 - 199
2+805 | 44 +9 Z +9 -pon - 1% £~ Beoon] 213530
New Ser.uf Sl Ar lzr8cs |Baee sfddrow patedl F+r) = +9
B [ 3t005 | t8 [0S +8 | 49 13 - 200 - 183
3425 +11 +H1F | 49 +2ls ~ 206 - {74
3I+S0 Hib i tile +9 +25 -200 -13S
s | ot £ [+t |+9 r3o -200 - (%o
4003 | +% 3 +36 +q +45 - 200 -15%
4125 | +37 | % 139 | 49 48 - Zee> - 152
4ts0 | 453 |3 +33 | +q r62 ~Zc0 -{3s /¥ P
4rse | +s2 |y +$2 | 49 1 €2 -200 g8 ¥ | £ Bcoon Zr/00E ( sami late’
4+35 | +S6 ) +S6L | +%] &5 -200 -i38 o
Sro05| tbe NS oo | 45 Lg5 -2o0 ~ 25
se2s | +3 =~ +H 4 t o -200 R
s+Se | t+1S s | 49 +84 -200 LA
S+35 35 tZ2s | ¥4 +84¢ ~220 -l
ANmzo S et Jr?nqﬂr-urf Ad Sr75S| Raee Aasta. rolle +9+(+7s) = + 8¢
RB.L. | 5482 | *b& O-%W| . | +84 t30 -2 = L-/B3co N Z e
L00S]| +F B+ | ted +9| ~200 - joR
bt2s | tlo S| w0 [ et | pqy ~200 -10b
btso | +r8 L ¥ r8 | +84 | +92 -200 2108
bt3ss] +2 |3 | rz. | £B8¥ | 8k 200 ~ 114 L-/B200N ZI4BOE
Additional comments:
<rfiosds 25 . fyreavAc Peus wiverie R Loaws Ao Qaozseh

Por Coll€itions oFf t 0 Suwd Nas Mo Viderica UYAtus So (5 Mol [utiedsd

e Vi CHALCLAdrIrn S,




PROJECT: {awvimy duci !

SELF POTENTIAL DATA

Page S

COMMENTS: £ -/8Foon (' wEsr,q’m_,r) ORiGmAe O Vidiwes Base Smvrgond ( FBFan Z!ims)

“BAre For
Line Station Reading | Pot Corr. Base St | Corr. Normalizer | Final Value Comments
mV COIT. Value | Value Value Value {plat}
/55or] | Z/2%00E & s | ¥ & Z - Zot - Zoe
290 -6 2 [ -8 £ - 208
Zfs | -22 -22 -z2z22
Z70 - 35 -z20 ~Z30
280 - 82 -8z -282
250 | -6 J ~ ! = 26!
240 -%8 % - 78 -278
730 ~{§1 S - 19! -39
Zzp | -22% P -22% - 429 Gy o ale q%u:a?
Z/O -/34 3 - 174 37 T
2{RO0E |~/ = - 14 - 34
/50 -89 B -p% -26e1
/80 | -ef 3 - 81 - 28
(70 0% |\ ~ /09 ~ 309
/6o Seds [Ny ~ 145 - 345
/S0 | -/8/ NN -1 8/ -3¢
J40 -2k -2 -4 i finidnnato
o | 1€ PR | prescd B nietos s
/28 | —no -/ ~30 'q.w?u?,;alé' ket
/o FI3L +{3n -68B ' aed -
2i/w | #/ZE 125 - R4
oo | ti3d EL -4
cEc #1333 + 133 ; -6
&0 | +H32 v +133 h 1
Z/ 0bof| #1315 g w3 | —2eo L8
Darmile Kt aits
| L+8%psd 212431 -{fo ~ 130 -260 -270
24 | - /8% -ig% s - 38F
21 1-1%% -7k | -3%6
26| -/83 - 183 [ -383
z 43 | -9 -19Z { - 392
Z/8 ~29% -209 - 4R
29 ~Zib -2l - Yk
2o | -229 -229 - 429
221 -238 ~Z320 -430
z2zr |-237 -Z237 -3y
Zzi | -252 ~252 - 45z
2z4 =155 -Z25% g5
21s ~24% - 74 -4t
Z7k -22¢ -Z3% | ~ 53¢
Z27 | -2k ~216 M - £/t
Zp -/8¢ -89 |—-Zob -389
Additional comments:

W.
ode%;@éﬁw

~/BFoo M Z}lizn £

plofact aces

ad Falie. AI(W 2/221 & awsl Z122¢4 g/.(gw\

-/t Q 196 par-ott




PROJECT: Mw.‘( J/l—cru

SELF POTENTIAL DATA

COMMENTS: J)::—mu. 1BA00ns 211008 AED duol CoulRenpl o RaRe A v Craurs BAG

Page L

Line Station Reading Pot Corr, Base 5t | Corr, Normalizer | Final Value Comiments
m¥y corr. | Vahie | Value Value Value (plot)
' /CB 3B.ond C-B.a.\%
L /RGoor Z 11804 +2my Jd[ -&l ~200 -zl
LED -2’{/-4’1 v A - 9C - 290
o0 |/ -] | | -4 - (1T 211
/so |-72/-¢4 - ~{¥Z - 3232
(40 Lize/~r31 -{28 209 - 44
/30 |ws/rsel | | 459 -2z - 222 Qealgascad
r20 udgfemo| | | #4193 1L - 88 oo a 't aza”
O pi/rzeB| | | pzi +{3 0 -Zo
RIOOE parefrzss | | +218 EE -3
090 tezzfeaze | | rzzd + {46 -5y
OBo fzel/+2% F233 t /52 -48
o7 /r230 +233 (52 -48
0bo gzzifrzie +233 =S ~40
OSSO _Azzz/r230 233 +i152 ~4B
OYO A23Y/ rZ2F +232 15 ~ 49
030 p7bfr2ze] V| #23 | ¥ #1850 i - 5o
/8ton’ |21 0206 WA Jr2/0] 43/ ¥2i3 | -8 | /32 | -2e00 — 4B
18%00N {24136E | <55 |+2 | =52 | -8 /33 | -~200 - 333
(3% ~#¢ ~# -i52 -352
{38 ~9s -2 - /13 ~3%3
f3% -{ib -3 _ - /94 -394
20408 | - g -ise| Vv 212 - 439
i #H -39 | +3 | /36| - 8l -213F | ~2080 — L F
18990/ 8/ | Zirdre | ~t6l | ¥3 | -8B | -8) -23? | ~200 437
{42 ~1% -48 -24% X - 449
143 - i34 - {3 -252 -2
4 | ~/8f -/ 78 239 - 479
146 - 206 - 203 -zed —4a¢
{4F /12 -/ 87 -ZZ0 - 475
{48 ~ 28 (25 | -20 b | - Yol
143 -#3 i) - {9/ -29/
2l/se & | -7S +3 | -9 | -8l -i2Z -200 -372
Ao Addbrrewnt| 48 Kol waRe TR PorginG MRowek o
T ¢ Aogmilty Vo Artowlr o Licar A TRy Sire
Additional comments:

? e Atapd e ofm, EM pa—‘{'

z/0p0 & W ZroS0E lug AL
Bl AEXAL Tt A




SELF POTENTIAL DATA
PROTECT. / Prennens Atck 97 Page 7
COMMENTS:_ £ - /Bgocs) (EaST Sise) _ DARE ot !
Line Station Reading Pot Corr. Base St | Corr. Normalizer | Final Value Comments
mV corr. | Value | Value Value Value (plot)
[Bons | Zidwos &£ |3 Iz Z ra - 288 -20¢
30 ot 14 i b1l i ol A=
320 | -z4 -zt | 1 -27 -227
310 | 28 -3 ! -3 - 2%
340 23 ~Zb -2 —226 ;
IS0 | - 67 - 70 -30 -230 o
360 |~ - 449 -49 -249 !
ite ~ /02 -85 -1 o< - 305 Busualy T
180 ~ /oL ~103 -103 —303 7
390 | —f00 —io3 -103 - 30%
Zi¥oog -b1 -GS ~65 - 26S }
do |93 -ak ¥ - 2%
20 | =109 -1z -2 - 3T é
o | - /80 ~183 ~183 -383
$¥0 | -ZF 774 -27¢ FFE | Guaglte?
Yo | -/20 - {23 -/23 -2232 e ‘
o | -30 -33 -33 ~Z 3% -1%
420 | +b +3 3 _ /97
Y80 | +hZ +59 #4959 - 1
490 | &3 1,0 60 /%0 ,.
2 So0E| &b +5% 3z /%3
sio | t | Y ]+8% 127 d -3
\ sz0| g 1-3 |+ | & +tH ~200 -89
‘_)e: WL REpDiNGES
(BPon | Zrf33e|  2m | -3 [-275 | & ~77 | -200 | -4¥% :
43¢ 300 —30 % -363 A - So3
435 -328 | -331 - 33/ J - 53
g% | -338 -2 - 34/ T ad e ?
437 328 -23! ~331 -53 v
438 -308 - &/t -3 ~SH
439 | 283 -Z8h - 784 -8k
2iy408 -2% -21¢ ~27y - 414
A2 | -zz28 ~237 | -23f ~43
A | —se3 ~/8L ~/86 v 38t
i, | -t | -3 | —/s52 ? /5y | ~200 252

# - Pl L .
veF e{:; @ duta. ( 214vE ) WW con,

A ok, 1l pplom? of 214405 D0 _dee %‘M
T T e e




PR(}JECT:JC?»MM\J\L‘&L[L ’TCI‘

SELF POTENTIAL DATA

Page &

COMMENTS: L~ 188c0s]  Zi3105 <> zi (ST S1de) Srane) 044TS a 5P Rdsexner
13 ASEhiate UfAJ.uc" s promi)
Line Station Reading Pot Corr. Base St | Corr. Normalizer | Final Value Comments
my corr. | Value | Value Value Value iplat)
188004t | Z/3¢0&] +Z +20 t2% —Zp00 —/#8
380 | -/8 4 A -6 +4 % il
290 -8 - +i4 -~ /86
Z280 | - 1§ -3 3 - 197
Zic | -2z -20 i & - Zoo
2l -z -2 -z - ZoZ
21230 -85 - 83 - 63 ~Zhb
240 | -~498 -{9h - e - 3Ho | fpromeahy
230 | -s08 -0t - B -Z86 d
220 | - Bé - 84 -4 -2
2¢0 -88 -gb ~bb ~ 2l
T/ZO0E -7 - 20 -1o “Z2%a
50 | -wo - 708 - 86 ~Z88
/o | -1s2 ~/50 - 3o ~-330
/70 =234 -Z52 -2z -z [T,
o | -H3 -t - 91 -283c21 uﬁ;/méw‘?
0 | *34 +36 +s6 -7 4 /
PH0 | +58 fad 1% + &0 - 120
/30 | +al +83 £/02 -91
f20 | +318 + 80 £/60 ~ 108
D +93 +%7 £ Y ~ 8|
Zf {60 + Bk 88 + /06 s 7 9
ofo | +a4 +96 v * b -
. 80 | +3% |+2 | +% | +20 *i | ~20O0 -84
DETRIL AN il .
Becor)| 21208 -88 vz | -8 [+20 ~fols ~Z60 - 2Lk
2% | -/07 4 |-ipS % -85 ) -285
24z | -27o _-ZL8 -248 - 448
ZY0 -200 -198 ~138 ~378
Z¥E| —t7Zh - 124 -1o4% —3cM
24¢eg| 794 {9z -1¥2 -272
2¥3 | -z24% -245 -23S -4z
2492 ~20L8 ~Zhb 246 | ~dtde
24 | 2w | V| =29 -2¢% M -~ 449
z405e -z43 |tz | -z4(| tzp | -2z | -200 -4¢/

Additional comments:




— ] SELF POTENTIAL DATA
PROJECT:__ fom? M)/cjf?ﬂ(_ 1 Page 7

COMMENTS: K- /8800~ z13,06 > 21520e (6B +407) BMse Soarind VALuT +20

i

Line Station Reading Pat Corr. Base 5t | Corr. Normalizer | Final Value Comments
my corr. | Value | Value Value Value (plot)
/880 273708 1t+2 120 | +22 - Zoo ~ {76
220 | -9 -1 A +13 4 — /8%
230 | -9 -F +13 ~ /8%
34p | —38 ~36 e -2 e
350 | —{e® ~-58 - 38 -23%
360 | ~6b ~ bt - p—y
370 | —jof ~102 - 82 -282
2e0 | 240 ~Z23B -2 — W
320 | ~23F -238 ~ZiS ~ LS 74
Zt 4e8E| -~ 145 -143 ~ 723 ~323%
Go | 19 -/39 - /19 - 314
420 | -Zzeo -198 — /%8 - 318
$ | -39 -17% ~IS? ~35%
S | -2¥7 -2¥5 -255 - <SS
¥sp | ~ 368 -3g - 336 -L30 Guusrecals
0| ~252 -250 -230 - 430 i
ﬁ'o ~/80 - 98 - 7% - 238
ddo | ~ /3 -/ +S - /75
g0 | +Z22 +30 & 50 - /58
2l 5008 454 +sb ‘? + o - /24
sio_ | +62 il + 8¢ s
o Szo | +S6 |42 +58 | +20 +38 -200 -/ZZ
L. Eedrr6s
/BBoo ZrLio -2%2 |+2 | z¥| +20 -7s5 | —200 - ¥
#2 | ~328 | & | -33% 3 -~y b ~5tb
i | -4 -472 -453 hat 3.1
46 | -<lsb - #B¥ - ¥ - by .
48 | -459 - 4% - 437 637 | Qegplite”
{4se -3¢ -35¢ -33¢ ~-53Y 4
s -35% -3ss - By -~ 558
Sy ~ 08 - Lol — 386 — <86
s6 | -8 -l J -l J ~&dts
SB | -~ -36r] ¥ -3¢z v -S¢L
2460 | -zst|+2 | -2 vzo | - 229 | ~200 - #29
Here ) wl | Nedi RGE  Frt  ZizpdE AdEs.

Additional comments:




SELF POTENTIAL DATA
PROJECT: " {Ziaemy Spew %9

COMMENTS: be‘mu.s 1BBoord 21380€ ﬂne:a Aop /B8Fma) Z/330E /8 Ar 1475 S o S0 Bacle ¢

Page /0

B.S. Vakus = #:/0
Line Station Reading Pot Corr. Base 5t | Corr. Normalizer | Final Value Comuments
mV corr. | Value [ Value Value Value (plot}
SBBooN| 243F0E ~/p2 | tT o | +20 - 80 - 200 )
L il -{0] A - 89 A ~2A7
24 | -s28 -1Zb | - | O - 306
b | ¥ -134 - g -39
8 -/BF -85 - 1LS - S
380 “238 -23C -2tk - it
8L -2 -27% -5 - 4SF
ge | -314 - 3/ -292 - 492 | oods
8L 2l - LM - 244 - Gy —
s | -z39 -23% -20F — I o
370 ~-22% -22k ~Z0b - $0
72 A i ~{ 4% -134 -3
¢ nth i -{90 ~130 ~3%0
% ~(2% .| =i1F2 -i152 ~352.
96 | -5t | ¥ |99 -129 -32%
ZidooZE | -40 | vz | ~138 | 120 -1 | —280 -3:8
L= /otoo)/ zi13%08 -2 +10 +8 ~Z00 -~ 192
320 +3 LY +S 3 inry A - 185
30 +1% | 1S +25 - {75
2/ 30E| #ib | mind + 24 - 13
270 | +41 +3 +23 -~ 133
Z8o | +39 +3% t+4% -i53
270 | 4L +40 15 ~ S0
260 | +4b +44 + L4 - (36
zZso | +3% +37 +S7 - 143
2490 | +32 [ | t30 tS0 -1So
230 | +25 $23 +4% ~15%
220 | +16 +io + 36 -6y
20 | ts £3 i3 -i8%
2f 2004 ~Zf -23 -3 -213 Lucnntly
(90 | =11 NE -3 -20% !
ido | +22% + 28 4 30 -}36
/70 | +48 96 +5% ~ gy
tho kol b/ 3 ~129
/50 | +¥3 +F 8! - {19
140 +3¥ £¥S +8S = S
i30 | +8BS +83 +43 -0}
f20 | % + 81 il £29 - fol
o +34 9z + 0T - 98
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FOREWORD

A GUIDE TO PROSPECTING BY THE SELF-POTENTIAL METHOD

This guide to the self-polential method of geophysical prospecting represents part of
continuing efforts by the Ontario Geoclogical Survey o assist explorationists, and lo support
the development and implementgtion of sound mineral exploration technologies suited to
Ontario conditions.

The self-potential method is small-scaled, versatile, and provides a simple, reliable
and economical means of near-surface electrical prospecting for certain base metal sul-
phides and other mineral resources. In Canada, discoveries of important sutphide ore bod-
ies by the SP method attest to its proven exploration value. Additionally, through research
and development of the method, there should be further possible refinements and applica-
tians for SP.

E.G.Pye
Director
Ontario Geological Survey
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Conversion Factors for
Measurements in Ontario Geological Survey

Publications

i the reader wishes to convert imperial units 1o 31 {metnc) units or St unils 10 imperial units
the following muttipliers should be used:

CONVERSION FROM S1 TO IMPERIAL

CONVERSION FROM IMPERIAL TO 51

StUmit  Muttiplied by Gives imperial Unit Muttiplieg by
LENGTH
1 mm 0.03937 nches 1inch 25.4
1cm 0.383 70 inches 1inch 2.54
1m 328084 feet 1 loot 0.J048
im 00487087 chains 1 chain 201168
1km 0.68213M rmiles (statutle) 1 mile {statute) 1.609 344
AREA
1cm? 0.1550 square inches 1 sguare inch 6.4516
1me2 10.7639 sguare leet 1 square loot 0.092 903 04
1 kmn? 0.386 10 squara miles 1 square mile 2.589988
1ha 2471054 acres 1 acre 04046856
VOLUME
1cm? D081 02 cubic inches 1 cubic inch 15.387 0654
tm3 353147 cubic leet 1 cubic foot 0.028 31685
1m? 1.2080 cubic yards 1 cubic yard 0.764 555
. CAPACITY
1L 1.758 755 pints 1 pint 0.568 261
1L 0.B79877 quarns 1 quan 1.138 522
1L 0.219 989 gallons 1 galion 4.546 090
MASS
tg 003527396 ounces {avdp) 1 ounce {avdp) 28.349 523
19 003215075  ounces (lroy) 1 aunce (troy) 311034768
1kg 2.204 62 pounds (avdp) 1 pound (avdp) 0.45359237
1kg 0.001 102 3 tons {short) 1 ton (shodt) 907.184 74
1t 110231 tons (short) 1 ton (shart} 090718474
1kg 0.000 8B4 21 tons (long) 1 ton{long) 1016.046 508 8
1t 0.984 2065 fons (fong) 1ton (long) 1.016 046908 8
CONMCENTRATION
1ga 00221668 sunce (tray) 1 ounce (troy) 342857142
ton {short) ton {short)
1gA 0.583 33333 pennyweights/ 1 pennywaight! 1.714 2857
ton (short) ton (short)
OTHER USEFUL CONVERSION FACTORS
1 qunce {troy}ton (short) 200 pennyweights/ton (short}
1 pannyweighttan {short) 0.05 ounce {froyMon (short)

Gives

mm
cm
m
m
km

cm?
m?
k2
ha

NOTE—Conversion faciors which are in bold type are exact. The conversion factors have been taken
from or have been derived from lactors given in the Metric Practice Guide for the Canadian
Mining and Metailurgical industries published by The Mining Association of Canada in coop-
eration with the Coal Association of Canada.




A Guide to Prospecting
by the
Self-Potential Method

by
S.V, Burr!

INTRODUCTION

The author has used the self-potential or spontaneous
polarization (SP} prospecting method extensively far 35
years in surveying mining claims, and considers it the
best of the electrical geaphysical methods.

Recently, interest in the method has revived, proba-
bly due to renewed gold exploration. Most gold deposits
are not good conductors, but do contain some sulphides
which can be detected by the SP method. *

The few available textbooks which mention the SP
method are brief in their descriptions of field prospecting
methods, and some prospectors. who have tried the
method with insufficient understanding of the technigque,
have become discouraged and added to the misconcep-
tions about it. Good practical descriptions of the SP
method are contained in "Prospecting in Canada” by
Lang (1970) and in "Mining Geophysics, Second Edition”
by Parasnig (1975).

This guide incorporates and updates information
trom a previous paper by the author (Burr 1960) and is in-
tended to instruct the layperson in the routing prospect-
ing use of the method and to encourage more geophysi-
cal research of the SP phenomenon. Much of the material
presented is unavailable elsewhere and was dernived by
experence through field applications.

IMPORTANT FACTS

Although the authar has endeavoured to dispell some
misconceptions, and to add some new facts on the SP
methad in the body of this guide, some isolated facts

'Consuling  geoiopisi-peophysicist, 2111 Carion Plaza, 140
Carlton St., Toronto, Ontario M5A 3W7.

Manuscript approved for publication (March 15, 1881) and pub-
lished with the permission of £.G. Pye, Director. Ontaric Geaologi-
cat Survey.

could be emphasized at the beginning:

1) Hydro and telephone lines, which plague some ot
the other electrical methods, do not affect SP

2) lron formation, which acts as a “good conducior”
with some of the other glectrical methods, does not af-
fect SP unless sulphides or graphite are associaled
with it. One major iron formation at the Sherman ron
Mine, Temagami, Ontario, contains graphite. The SP
method begins to detecl this anomaly at least two
mites away. On the basis of one long north-south trav-
arse conducted by the author, a peak of 4000 mv {4
vilts) was gbtained gver or near this iron formation.

3} Buried or grounded metal objects can produce
spurinus SP "spat anomalies”. A buried long metal
pipe can produce a linear and sometimes genuine-
looking {pseudoianomaly. Graphite cathodes are
used beside gas pipe lines to prevent corrosion and
can produce an abnormally high negative SP anoma-
by. Similarly, it can be demonstrated that an axe, pick
or knife driven intg the ground beside the forward pot
{an SP ground electrode) produces a high negative
reading in the instrument.

4} Several years ago in Northern Quebec, the author
discovared a graphite SP anomaly of 1 valt at a pot
separation of 300 feet. An unsuccessful experiment
was conducted o try and achieve a 6 volt polential
and power a radio. An additional pot merely cut the
potential to .05 volts. Apparently the cument strength
or "ground amperage’ in a near-surface self-potential
electrical field is not proportional 1o the number of
pots used.

5) Naturat SP anomalies of a few hundred to gver a
thousand millivolts, and of negative sign by conven-
tion, are caused by the iron sulphides pyrite and pyr-
rhotite, the copper sulphide chalcopyrite, and the na-
tive elerment graphite. Graphile gives the strongest SP
reaction, foliowed by pyrrhotite, pyrite, and chalcopy-
rite. Strong negative anomalies have also been re-
ported aver chalcocite, covellite and anthracite (Sato
and Mooney 1960). Because of the many other faclors
influencing the strength of an SP response, it is not
possible to predict which type of sulphide is responsi-
ble tor the anomaly. A magnetometer or dip needle
survey may help to determine whether the magnetic

1
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iron sulphide pyrrhotite is present or pot,

8) Magnelic storms, dealt with in the "lnstructions”
section of this guide, are a natural phenomenon which
can be detected by the 5P instrument. I has been
suggested that approaching earthquakes, or an
atornic explosion anywhere in the world could be de-
tected by a monitoring SP instrument. In Calilomia,
the method is used to locate water leaks in prpelines;
in Australia. to detect sall springs; and i can also be
used in geothermal exploration and in structural stud-
ies. Other applications are aisa possible but await fur-
ther research of the SP method.

7} Mangarnese oxides (psilomelane and pyrolusite
wads) have been observed o give positive SP ano-
malies. In Jamaica, the author detected high grade
manganese “veins” or “dykes” which gave strong
positive anomalies. The sedimentary Sibley Formation
in the District of Thunder Bay, Ontario containg a man-
ganese oxide unit which produces alternating high
positive and high negative readings which the author
interprets as a possible indication of the presence of
graphite.

8) Finally, the peak of an SP anomaly is detected with
the eeasuring pot positioned directly above the
source. This is in contrast to other electricgl methods
which can be responsive to the dip of the anomalous
source, and through misinterpretation have led to
some drill holes that have overshot, or have been
spotted too far from or 100 near the target.

BRIEF HISTORY

The SP method is the earkest electrical gecphysical
method 10 be discovered or inveanted. it was first apphied
in England by Robert Fox (1830) who conducted SP re-
search around the tin mines of Cormwall, and \ater by Cant
Barus (1882) who applied the method al the Comeslock
Lode in Nevada. The first sulphide orebody discovered
by an electrical method was detecled by SP at Nautenen,
Laptand, Sweden in 1907 {Lundberg 1948).

BRIEF THEORY

Most explanations of the 5P phenamenon propose that a
“wet” sulphide {or graphite} body develops negative and
pasitive electrical potentials at its top and bottom, result-
ing i a both metallically and electrolytically mediated
"flow” of electrochemically generated current around and
through the body as shown in Figure 1.

Itis possible that sulphide and graghite bodies in co-
ntact with ground waler electroiytes induce a "spontane-
ous" DC Hiow of current, but local ground currants are not
solely related to potential dfferences arising from sponta-
negus polarization of a conducting body. The author con-
siders that the natural telfuric tields and currents encie-
cling the earth provide a natural applied electrical

Miilivoltmeter
Rear Control potentiometar

Station -+ Reel of

Figure 1—Schematic representation of spontaneously generated eleciric current flow near a sufptude bady. showing cur-

insulaved cable Stations
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rent paths through the ground and the SP apparalus (after Lang 1970)
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field which——ciose lo an electrolyte-bathed SP body—
can give rise to a "conductive” spontaneous pofarization
effect which distorts the local primary geosymmetry of
natural electrical lields near the earth's surface,

For example, if these ground currenis are flowing
through an electrically isotropic and homogeneous rock
type, they are like the parallel, equispaced strings of a
harp, and a uniform polential difference field is devel-
oped (see A in Figure 2). It they are passing through dif-
ferent rack types with different conductivities, some of the
nearby “harp strings” will converge slightly to take ad-
vantage of a betler conducting rock unit, resulting in a
"resistivity’” map which differentiates between different
conductivities of the rock types (see B in Figure 2). If the
currents come upon sufphides or graphite they will be
drawn towards such bodies in an attempt to fiow through
thern, resulling in a high potential or anomaly (see C in
Figure 2). Finally, in a strong magnetic storm, the harp
strings will quiver as if they were being stroked (see D in
Figure 2). The effect of a magnetic storm will be dis-
cussed at greater length in the “Instructions” section.

COMPARISON OF ELECTRICAL
GEOPHYSICAL METHODS

Although the 5P method was extensively and routinely
used during the 1930's and 40's by many well-known pro-
fessional geophysicists, currently, it is genecally misun-
derstood or overlooked as a useful and economical gec-
physical prospecting methad.

The first orebody found in Canada by electrical
methods was surveyed by Hans Lundberg (1928) at the
Buchan's Mine in Newfoundiand, where conductive org
was detected using the 3P method. Al least one orebiody
was found in the Noranda area and Lundberg (1948,
p.179) reports: .4 lead-zinc-copper orebody was found
in the Eastern Townships of Quebec. This survey was
carried qut by A.R. Clark and H.G. Honeyman, and the re-
sults wera well confirmed by subsequent drilling.” He
also states: “The outlining of the Flin Flon orebody in Man-
toba is perhaps the best known example of his [Shemwin
Kelly's} surveys."”

———

BETTER CONDUCTING ROCK UNIT

B A o A e e A AL f o
R e A A o

i T —

HOMOGENEQUS ISQTROPIC ROCK

SULPHIDES/GRAPHITE

MAGMETIC STORM

Figure 2—Schemalic representation of various naturally occurring configurations of slectrical equipotential figlds.
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The author was mvolved in early field surveying ex-
perments with the resistivity method, using formuiae de-
vefoped by Dr. Arthur Brant, University of Torgnto. This
rmethad requires the "pushing” of alternating current into
the ground and can provide an excellent interpretive
madetl ot the geological stratigraphy and structure. Resis-
tivity surveying can also detect conducting anomalies
which may correlate with buried sulphides or graphita.
However, the method was found to be cumbersome and
slow. and spen gave way to the faster, more portable, but
less infarmalive electromagnetic {EM) methods. More re-
cently the induced polarization {IP} method has been de-
veloped and applied. It also “pushes” currant [as OC put-
ses which naturally decay} intg the ground but is much
more curnbersome than the resistivity method, and much
more expensive than most of the EM methods. It is con-
sidered to be a composite of the resistivity and SP meth-
ods and is capable of detecting low resistivity "good”
conductors and disseminated sulphides {including oxi-
dized orebodies).

Unfortunately. the interpretation procedure is compli-
cated and the method will equally well detect iron oxides
and other semimelallic uneconomic minerals. A draw-
back with the resistivity, EM and [P methods is that they
meaasure secandary electrical fields which are sometimes
difficuit 1o interpret. They alse respond to unmineralized
wet shears, faults, and fissure zones. Perhaps the most
common cause of “false” anomalies with these methods
is the variable depth of overburden over the rack surface.
If there is a subsurface valley buried by overburden, all
the above methods will yield a “psuedoanomaly” similar
to an anomaly cbservable over a massive sulphide zone.

Alternatively, the SP method does not determine sec-
ondary fields, so survey results are much easier to inter-
pret. it does not respond to subsurface vaileys, wet clay,
shears, or faults; and, in the author's experience, the SP
method doeg not provide results which could lead to a
false anomaly. In over 500 SP anomalies which were
stripped or drilled, the author always found the source of
the 5P anomaly o be sulphides and/or graphite in the un-
derlying rock.

The SP method responds to good conducting sul-
phides {both oxidized and unoxidized bodies), graphite,
and ngncenducting (disseminated) sulphides if thesea sul-
phides are oxidizing. The author has encounterad only
two cases where disseminated sulphides were not de-
tected by the SP method. In one case, an exposure of
disseminated pyrite showed no oxidation "rust” {gossan)
whatsoever, in another, sulphides of a pyrite-chalcopy-
rite-bearing copper orebody were aiso fresh, and the pH
ot the ground water was found to be 10.0, too basic to ox-
idize the pyrite. According lo Lundberg {1948, p.179):
"The self-potential method must be used with some cau-
tion....ang many orebodies may not cause any anomakes
at all, owing to certain ground-water or overburden condi-
tions.” The proportion of nonoxidizing, nonconducting
sulphide bodies is unknown, but the author expects that
the number in Canada is probably very small. It is this
small percentage of nonconducting sulphide bodies
which prevents one from saying the SP is a "Yes"” or “No"
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methed in geophysical praspecting for sulphide ares. Itis
a Yes or Na method for the detection of good conductars
anily, but nat necessarily for disseminated sulphides

Another fealure of the SP method is its abifity to dif-
ferentiate between anomalies caused by sulphides and
anomalies caused by graphite. Sulptides produce a
range af up to 350 milivolts between the most positive
and mpst negative SP readings, grapmte has a rgher
range. The SP method also has the ability to “smell” an
anoraly some distance away and can smell graphite at a
greater distance than sulphides.

One of the popular miscanceplions abou! the SP
methad is that it is limited 1o shallow depths as its detect-
ing ability is dependent on the presence af oxidizing sul-
phides which usually occur close to surface of the earth.
tundberg (1948, p.179) states: "The self-potentiaf
method is based on the fact thal slowly proceeding
weathering in the upper portion of a sulphide body is ac-
companied by electrical potential differences between
the surficial oxidiation zgone and the deeper nonaxidized
porions of the arebody”. Lang (1970, p.162) contends
this iclea by noting that graphite is not oxidizing. The au-
thor has located disseminated sulphides under 25 m of
sand (including a quicksand fayer). and a weak conduc-
tar under 36 m of overburden. Lang (1970, p.162}) also
states; “...reactions at the surface may become 100 weak
to interpret when the overburden is more than about 300
feet [91 m] thick.” The author has located “heavy” sul-
phides capped by 7.6 mof barren rock, with no apparent
indications of owdation.

Another misconception is that one can derive a for-
mula to determine the percentage cof sufphides in an SP
anomaly based on the strength of the readings. Lang
{1870, p. 162} states: “The strength of the potential gener-
ated depends largely on the concentration of sulphides.”
Cne cannot, however, determing any variations in the
strength of angmalies as dependent on the concentration
of sulphides. For example. the strongest SP valug along
the strike of an anomaly does not occur where the sul-
phides are most highly concentrated, but where the
source of the anomaly is closest to surface. With a little
practice, one ¢an determine whethec the source of the
angmaly is close gnough 1o the surface to be exposed by
stripping. Details are given in the section “Mineral Pro-
specting with the SP Method™.

Although the author has stated that the SP method
does not give 1alse anomahies, cefiain operator erors can
produce them. To help operators avoid such errors is one
of the abjgctives of this guide.

LIMITATIONS OF THE SELF-
POTENTIAL METHOD

As no one gepphysical method is all-embracing, the fol-
lowing fimitations of the SP method should be borng in
mind when planning surveys:

1} The 5P method cannot be used over water. How
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ever. Lang (1970, p.162} states: “Where sulphide depos-
ils lie beneath lake waters, the method is not usually ap-
plicable except over the ice in the winter". Further re-
search is needed to refine this lechnigue.
2} Winter surveys are now possible through snow
cover using high impedance voltmeters, but damp-
ness can short-circuit the instrument, extreme cold
can weaken the batteries, and ice can encrust the
pots and prevent ground contact. Preventive mea-
sures include addition of glycerine lo the pots, and
carefully planned quick checks over target areas, to
maximize surveying before prolonged Irigid tempera-
tures can atfect the equipment.
3] An SP anomaly does not indicale whether conduct-
ing sulphides are disseminated or massive. Accord-
ingly, the anamaly could be testad by another electri-
cal method such as VLF (very low frequency) to
determing whether it is a good conductor. At the same
time, the anomaly couid be ¢hecked with a magne-
tometer to determine whether the magnetic iron sul-
phide pyrrhotite is present.
4} As mentioned in the section “Impartant Facts™, the
5P method respands to pyrrhotite, pyrite, and chalco-
pyrite. It does not respond to zinc, lead, gold, or silver
minerais. However, some iron or copper sulphides are
generally present with these other metals ang, if oxi-
dizing, will result in an SP anomaly.
5) In the case of a strong and ocbvious graphite SP
anomaly, the method cannot indicate the presence or
absence of associated sulphides. Presently, anly one
instrument, the RONKA EM-15, can resolve associ-
ated suiphides, but only it the anomalous source is
shaliow, and if any associated sulphides are good
conduciors. For reasans not fully understood, this in-
strument only responds to good conducting sul-
phides, but not to graphite.

SELF-POTENTIAL EQUIPMENT

A millivoltreter-potentiometer is used to take SP read-
ings by a needle and scale, digital readout, or an adjusta-
ble dial which brings a needie or audio signal to a null po-
sition. Tie operator will likely make fewer mistakes in
recording with a digitat readout. Readings should be
double-checked for precision, particutarly at established
control stations.

A basic requirement is a reel of wire. In most cases,
maore than 600 m of wire is desirable. Another useful and
timesaving item in conjunction with the use of a long wire
is a pair of walkie-talkies. Lastly, the most important items
are the porous pots. If these do not function properly, the
survey becomes a wasted endeavour, Occasionally the
millivoltmeter may get wet and shon-circuited. This con-
dition is easy to detect if not to rectify. Alsg, the wire may
develop a bare spot which may make contact with the
wet ground and give a sudden strong negative reading.
This is also easily identified, though of infrequent occur

rence. In Some CIfCUrnSIances, an unmonitored pol may
change its potential along & survey line and produce
faise anomalous readings. The pols are crucial 1o the
successful aperation of the SP equipment, and accord-
ingly, will be discussed first in the “Instructions” section.

INSTRUCTIONS

(1) Operation of S’ Equipment

The Pots

The two pots are generally made of porcelain ceramic in
hollow cylindrical forms with perous bottoms. From the
caps, copper glectrodes are suspended down intg the
pots. A saturated copper sulphate solution is used as the
medium to connect the porous pot contact with the
ground, which establishes a mediated alectrical contact
with the copper eiectrodes suspended in solulion. If two
bare metal electrodes made contact with the ground,
there would be an instartaneous surge in polarization be-
tween them which woultd then drop quickly to zero. With
the copper sulphate solution as the mediator of the
ground contact, no net polarization effect involving a dis-
charge of current takes place and the ralative potential
difference between two survey stations can be measured
with considerable accuracy.

QOccasionaily, the two pats will have, or may deveiop
an inherent potential difference between them. If this is
only a few millivolts, no harm is done in running survey
lines with the reel and not correcting the individual read-
ings. An error of a few miifivolts will not result in false or
obscured anomalies. However, a high pot potential differ-
ence can be very critical in some situations as discusged
below.

The reason for an originial pot difference is probably
due to slighl vanations in construction making cne pot
more porous than the other, and thereby, of a slightly dif-
ferent conduclive response. This is usually a fixed and
unchanging condition which does not hamper the SP sur-
vey. However, a sudden change in pot difference may be
caused by a crack. by contact of the porous part of the
pot with metal or sulphides, by the drying out of one pot,
or by the solution in one or bath pots becoming undersa-
turated in copper sutphate. The pot difference should be
checked often; for example, at the start of the day, at
noon, al the end of the day, and at each contrgi station
and tie-in point.

The fifling of the pots must be carried out with care,
the level of the solution checked often, and additional
crystals or powder added trequently as required. Without
ample copper sulphate solids in contact with the solution,
a rise in temperature of one or both pots may result in un-
dersaturation. This is because of the increased solubility
ol copper sulphale at higher termmperatures. To make the
saturated copper sulphate solution, it is advisable to heat
the water as the crystals are being added, until the solu-
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tion is hot and solid crystals are stilt present. A pyrex bowl
is recommended, as the solution is corrosive, and a
wooden spoon or stick is uselul far stirring.

Jellying the Pots

If the pots are t¢ be used for a week or rmora, it s timesav-
ing to make a jelly of the soluticn. Only enough jellied so-
jution 1o fill the two pots is required. The operation is simi-
lar to making any jelly, except it is advisabie to add two or
three times as much gelatin to the water to make a good
sel. The hot waler plus gelatin solution should be wall stir-
red as the copper sulphate Crystals are added. After the
solution has cooled, a few crystals should be added to
gach pot. The jelly solution can then be poured into the
pots, capped, and allowed to set, One set of jellied pots
should last an entire prospecting season of 3 or 4
months.

Hawever, the pots should always be stored under
moist conditions away from excessive heat to prevent
evaporation and danger of drying out.

Pot Difference

Once the pots have been filled and allowed to cool it is
possible to determine by a simple proceduwe whether
there is any inherent pot difference:
{1) The pots are placed on arin the ground, close to-
gether, with one pot cennected to wire running from
the positiva ('far’} conneclion of the millivoltmeter,
and the other pot connected by wire to the negalive
("near”) connection. A first reading is taken.
{2) The pots are now reversed leaving the same wires
attached to the positive and negative connections of
the millivoltmeter, and a second reading is taken.
(3} The formula for calculating the pot difference is:
(1st Reading + 2nd Reading)/2.

For example, it the 15l Reading is -8 millivolts and the
2nd Reading is + 10 millivolts, the pot difference is ({-8)
+ (+10))/2 = +1 mv. These relatively high readings in-
dicate that the potential difference between the ground
and each pot is 9 millivolts, suggesting that the pot differ-
ence was measured in an anomalous area. However, as
long as the correct procedure is followed, the true pot dif-
terence is obtainable anywhere. Once the magnitude of
the pot difference is established, the pasitive and nega-
tive pots should not be interchanged during the course of
SP survey readings. An alligator clamp on the "forward”
positive pot is ample igentification, and is useful for en-
gaging and disengaging the end of the wire. The pot dil-
ference should be regularly monitored and caretully mea-
surad at each control station and tie-in point.

The Millivoltieter-Potentiometer

Most voltmeters are accompanied by full operating in-
structions which describe how to read the instrument. it is
important to emphasize that by convention the forward
advancing pot should be linked io the positive or farin-
strument connection and the stationary or rear control
station
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pot should linked o the negative near connection {Figure
1}. With the positive pot moving “ahead", anomalies are
negative atter the traditional Car) Barus method which is
the currently accepted convention. If the negative pot is
inadvertently sent ahead, strong positive readings would
be anomalous.

The Reel of Wire

Wire used in SP prospecting should be strong, thin, light,
flexible, and well-insulated with a smooth surface. De-
pending on the roughness of the terrain, thickness of un-
derbush, and straightness of the traverse ling, a 0.8 km
iength of wire can be pulled off a reel to its end. Wire
should he attached to the forward pot by a clove hitch
knot, with a bared end connected tg the copper electrode
which protrucles above the pot cap. The connection
should be made with a short piece of insulated wire se-
curely attached at one end 1o the pot electrode, and to an
alligator clarmp at the other end in order 19 make sontact
with the reel wire. With this arrangement, an SP surveyor
can pull the wire and the forward pot with one hand with-
out danger of disengagernent of the pot connection.

Theoretically, the potential difference due to the SP
effect could be measured with the two pots several kilom-
eters apart. Atthough impracticable, a lenger wire is pref-
erable as mare readings can be taken with the millivoit-
meter and rear pot set up at a single conirol station, and
fewar control stations are needed as discussed below.

A reel with only 244 m (800 [t} of wire should not be
spliced onte an extra length of wire. Regardless of how
well the wire is spliced and insulated, it will come apart or
become entangled under most field cenditions. The time
gained from avoiding such survey defays will more than
compensate for the cost of an appropniate length (e.g.
§10 m {2000 ft.} of wire.

The positive wire from the millivoltmeter should have
an alligator ctamp to attach to the reel wire, as it is gener-
ally necessary to disengage the clamp before the reel un-
WiNngs, ;

The Walkie-Talkies

Atthough the two SP operators can shout for 2 few hun-
dred meters and then send messages by tugs on the taut
wire. a faster and rore reliabie survey can resuit from use
of waikie-talkies for voice communication. The forward
operator can describe the topography (e.g. swamps,
creeks, up-hill, down-hill, £t¢.} fo the note-taker operating
the millivoltmeter, and can natity when the forward pot is
in ground contact and ready for a reading. Often, the reel
will stop, the instrument operator will attach the milliveil-
meter at the rear control station wire, and then the reel will
suddenly move forward, resulting in possible damage.
The instrument operator can also inform the forward oper-
ator of the trend of the readings, and, if “smelling” an
ancmaly, to cut down the readings from, for example, 20
m intervals to 10 m or less for a preliminary delailed sur-
vey of the anomaly. . .

The walkig-talkies should not be so powerful as to in-
terfere with nearby citizens bands.



(2) Conducting an ST Survey

Aflter the pots have been prepared and the initial pot dif-
ference measured, they may be combined with the milh-
voltmeter, the reel of wire, the walkie-talkies, and weath-
erproof note-laking materials in preparation lor an SP
survey along a predetermined line grid. The starting pro-
cedure will depend on the size of the grid and the length
of wire on the reel. For example, the grid shown in Figure
3is ariented with a base line (BL) parallel 1o the structure
ar strike of rock units and ¢ross lines at right angles.

With 810 m (2000 #t) of wire a survey moving from
east 10 west could effectively cover the area as iollows:
(1} The first control station is established on the base lineg
at cross line 4W. This station is given g lentative valueof 0
my. {2} The pot difference is recorded, and {3) 3P survey

measurements are recorded along with pot locations and
ather nates, narth and south on lines 0, 4W and 8W, as
well as readings along the base line between line ¢ and
line BW. Readings should never be taken at torward pot
spacing intervals of over 15 m {30 #t), except possibly
along the base line. In explaration for narrow vein depos-
its. the ntervals should be shontened to deline the peaic
Bends in the wire of 90 degrees ar even 360-degree
lopps do nat affect the readings.

After line 8W has been traversed, readings are taken
aipng the base ling to line 16W where a careful measure-
ment is taken and added to the inverse of the pot differ-
ence. Nexi. the second control station at BL,16W is es-
tablished. If the tentative value of the second contiol
station is + & v, then all readings taken from the second
control station set-up—along lines 12w, 16W, 20W, and
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Figure 3—An example of logistical details for an 5P survey conducied with 810 m {2000 #t) of wire {see aiso Table 1).
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the rest of the base line—are relative 1o a value of +5myv.
For example, a reading of -25 mv gives a tentative value
tor that point, or survey station, of -20 mv. All readings or
final adjusted values may be plotted on suitably scaled
maps beside the appropriate survey stations.

With only 244 m (800 ft) of wire, an SP survey con-
ducted over the same grid would require more set-ups, or
contral stations [Figure 4). In such a situation the {irst con-
tratb station 1s set up at 7+ 00N on line O (tentative value ¢
mv), and readings taken north, and south lo the base line.
Along the base line the pot positions should be carefully
marked for tie-in with other control stations south of the
base line. Alter the northern part of line @ has beenrun, a
reading is taken at 4W,7 + 00N and the inverse of pot dif-
ference is added. After this, the rear operator traverses
over to 4W 7 + 00N where a second control station is es-
tablished. The rest of the northern part of line 4W, includ-
ing the base fing, is surveyed and the procedurs is re-
peated acress the narthern section of the grid to control
station 20W. 7 +00N. Next the pots, millivoltmeter, and
reel of wire areé moved to 20W,7 + 00S. The southern sec-
tion of line 20W is traversed, tieing-in at the base line sta-

tion. Assuming the value al BL.20W had been given as
-23 mv from the control station at line 20W,7 + 00N, then, if
the reading {including pol diflerence) lram the new con-
trot station at 20W.7 + 008 is + 10 mv. it follows that the
new control station is 10 mv more negative than the base
line at line 20W— thus -33 mv. The survey is continued
gastward in the same fashion as the north section. It is un-
likely that the rest of the base line lie-ins will check as the
patentiat will have changed somewhat because of meis-
lure and temperature variations. Any discrepancies
should not produce or hide anomalies. Mevertheless, it is
obvious from the above exampies that a longer wire pro-
vides better control of background SP variations over a
larger area (2 contral stations versus 12 control stations
and B tie-ins), and allows a faster and mare efficient sur-
vey to be mun.

When following the normal procedure of placing the
pots on or in the ground, it is possibie to obtain variations
af up to 110 mv due to the varying acidity and bigetectric
activity of sgils. Wet swamps tend to give positive 5° va-
lues, and dry hills negative ones. In areas where there is a
more uniform type of soil cover, the background range is
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Figure 4—An exampie of logistical details for an 5P

survey conducted with 244 m (800 fi) of wire,




much less. As an extreme exampie of this, a detailaed trav-
grse across a 244 m (800 i) wide tailings pond may give
a range in readings from +1 to -1 mv, probably due to
the uniform acidity of the tailings. The author observed
similar small variagtions in the residual scils ¢of Jamaica.
Lang (1970, p.162) states: “Pronounced slopes...-
somelimes introduce a topographic effect...” Forlunately,
in Canada this potential variation of the background
agrees with the topegraphy. and, in nonanomalous areas
of swamps and hills, the SP contours carretate 0 topo-
graphic features. This is one reason why the topography
at gach station should be noted. Another imgortant rea-
son is shown in Figure 5.

Figure 5 represents hypothetical SP values along
ane line. In exampie A SP measyrements occur on a
“ftat” map showing ne topography. such that the weak
negatives opposite the 7 would normally be ignored. Ex-
ample B shows a small rise which would exglain the neg-
ative readings in terms of normal background topo-
graphic variahion, However, if there is a swamp, as in
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Figure 5—-Theoretical SF readings showing the effects of
topography.

example C, these weak negatives would definitely be
anomalous,

Under favourable conditions an 5° survey such as
that depicted by Figure 3 could caver the area with a few
hundred readings in one or two days, traversing appros-
mately 4 km of grid. If an 5P survey detects strong ano-
malaus negatives and has also covered a lew swampy
areas. it is likely that the greatest positive and negative
values of the survey have been encountered. As an ex-
ample, SP survey notes might read as shown in Tabie 1.

If the range of vaiues is of the order of 250-300 mv, ar
more, about one thid of thal range is probably back-
ground variation due o the varying acigity of the scils. In
this case, if the most positive tentative value is near + 100
mv, or near + 10 mv, it should be given an adjusted value
of +50 mv and the other leniative values adjusted ac-
cordingly, For exampie, if the most positive tentative va-
lue s + 75 my, itis adjusted to + 50 my, and it follows that
a normalizer of -25 mv must be added lo all the tentative
values, asin Table 1, to yield the final adjusted value

If the most positive tentative value is between + 40
and + 60 mv, no adjustment is necessary. In most cases
the most positive value is over a swamp or low wet
ground,

In some localized anomalous areas the range from
most positive to most negative readings may be 150 my,
or less, and is probably dug (o 2 more uniform soil cover.
In such & case, the most posilive tentative value should
be adjusted to about +25 mv. In most circumstances,
ane does not know at the time when the ticst control sta-
tion is set-up, what anomalous conditions will oceur. On
rmore than one pccasion, the authar nas unknowingly set-
up a first controt station over an anamaly and all the sub-
sequent readings were positive to high positive.

The purpose of the adjustment is 1o attain a finail bal-
anced background range about the zero value, such that
the anomalous signals dare more readily recognized and
interpreted. The background is the range of elecincal
sefl-potentiat which is due mostly to variations in topogra-
phy ar sail pH. For exampie, a final adjusted value of -50
mv on top of a hill would nol necessarily be anomatous, A
value of -70 mv, or more negative, wouid be. In the sec-
ond case above, with a2 background range of 50 mv or
less, an adjusted value of -25 mv on top of a hill would not
necessarily be anomalous. A value of -40 mv would be, It
should De stressed thal over 2 swamp, as illustrated
above, an anomaly due to buried sulphides might be
much less negative, or in some cases, a low pasitive. 5P
anomalies under swamps and deep overburden are
much weaker than on hilis and shallow overburden. Thus,
topographic information is needed in this type of electri-
cal survey. Below. in the section on “Alternative Field
Methods”, a simple technique which minimizes the topo-
graphic effect is discussed.

Magnetic Storms

Solar flares produce geomagnetic disturbances which
are rgiated 1o the phenomenon of the aurora borealts and
can cause magnetic storms of several days duration.
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TABLE 1 AN EXAMPLE OF 5P SURVEY NOTES FOR A SURVEY CONDUCTED WITH A
REEL OF WIRE 6§10 METERS (2000 ft.) LONG ON A 400 ft. — SPACED GRID
(see Figure 3}.

Control Survey Tentative +{-28) = Final Adjusted

Station Station Reading Value {Normalizer} Value

(Millivolts)

BL, 4W - - )} -25
BL,3W +3 +3 -22
BL2W 8 -8 -33
BL,1W -12 -12 -37
BL,D -7 -7 -32
Q+50N -2 -2 -27
etc, {a ““quiet’ area)
BL,16W +5 +5 -20

BL,16W - - +5 20
BL,15wW -25 -20 45
etc. {probably anomalous}
BL. 12w -70 -65 -90
O+50N 44 -39 54

The intensity and effects of magnetic storms in north-
ern areas are enhanced near strongly magnetic iron for-
mation. During a magnetic storm, SP readings fluctuate in
an unpredictable and random fashion similar o
fluctuations observable on a magnetometer under the
same conditions. Generally, the magnetic storm has no
effect on the 5P readings until the two pots are more than
about 100 metres apart; and increased pot separations
increase the viclence of the fluctuations. Magnetic stormns
may start suddenly and last only a few minutes, or they
may last & few days. Except for short traverses, an 6P
survey with a reel of wire is not possible under storm con-
ditions. Below, an altermative field method will be dis-
cussed which can avoid the effects of a magnetic storm.
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(3) Alternative Field Methods

Topographic Problems

Although the influence of topography on 5P readings
may be interpreted and anomalies recognized, the prob-
lems can be confusing 1o the inexperienced operator. For
several years, the author has used a technigue which ef-
fectively inhibits the topographic effect and gives better
ground contacts, even on rubble and bare pulcrops.

First, two porous canvas sample bags are filled with
material which will stay wel for several hours, such as
biack muck, loam, or sawdust. Second. a pot is inserted
in each sample bag and tied on. Both pols are then in



caniact with a medium ot consiant pH, and the mnfluence
ol varying acidity is strongly attenuated. As & result, read-
ings become more uniform, the background displays a
narrawer range, anomalies in swamps are better defined,
and anomalies on hills are less negative and less exag-
gerated. A final adiusied value of + 10 mv for the most
positive value is adequate, and a -25 mv vaiue may be
anomalous.

Magnetic Storm Problems

A magnelic stoirm can hamper or preclude an SP survey
conducted with a reel ot wire. However. by moving both
pots at a constant separation along a survey line, it is
possible 1o overcome the effects of a magnetic storm.
Only an rare occasions such as in nonfhem latiludes near
strongly magnetic iron formation. could there be any
Huctuation with a pet separation of about 15 metres (50 fi)
or 50

There are two alternative methods by which two op-
eralors can move aong a survey line without the reel. but
linked together by about 20 m of wire, to aliow for 15 me-
tre-spaced (50 #) readings in rugged topography. Bath
methods are much taster than a survey conducted with a
reel since it is not necessary 1o walk back along a line and
reel the wire in. From the base line the operators can sur-
vey along the longest lines, raverse across atong a tie-
fing or through {he bush to an adjoining line, and survey
along  back 1o the base ling, and aver to the starting sta-
tion 1o tie in—similar to magnetic surveying methods,

One method requires thal the rear negative pot be
moved up to the same ground contact iocation on which
the forward pasitive pot was pasitioned. Under field sur
vey conditions this method s impracticable due to the dif-
ficulty of placing the rear pot on the exact ground contact
position of the forward pot, such that every station be-
cames an unconirelled “gantrol station”,

A preferable alternative for SP surveying during
magnetic storms is the "leapfrog method” shown in Fig-
ure 5.

This method salves the problem of uncontrolied con-
trol stations, but adds to the arithmetic computations of
the aperator taking notes since each station has (@ be
evaluated befure the next station is “read”. Both of the
mefhods involve adding the inverse pot difference to
each reading

For example. the leaplrog pattern can be stared
from an established control siation on the base ine with
an assigned tentative value of 0 mv. An example of typi-
cal survey noles is shown in Table 2.

The cantrol station, with a tentafive value of O my,
reads the positive pot at 0+ 50N. The reading is +5 mwv;
thus, with a pat difference {P.D.) of -1 mv, the correcled
reading 15 +8 mv and the tentative value is Q+6 = +8
mv. Next, the negative pot is moved to 1 + Q0N and reads
station 0+50N. The corregted reading is -9 mv. Thus,
0+ 50N is B mv more negative than 1+ 00N: or 1+ 00N is
9 mv more positive than 0+50N, Trus T+00N has a
transposed reading of + 9 mv (see Table 2), and the ten-
tative vatug at 1 +0ON is {+8) + (+9) = +15 mv. The
pasitive pat is then moved from 0+ 50N to 1 +50N. Sta-
tion 14 50N has a tentative value of +31 mv. The nega-
tive pot is then moved 1o 2 + 00N and reads 1 + 350N it the
corrected reading is + 36 mv, then the transpased read-
ing of -36 mv means that 2 + 00N is 36 mv mare negative
than 1 + 50N and thus has a tentative value of -5 my.

Te ensure that results are meaningful, it is important
to keep a careful recard of each reading and calcuiation
for later rechecking. On returning to the base line, the
readings should be tied-in to the control station from
which the traverse started. An exact tie-in or equivalence
aof starting and finishing readings at the control station is
unlikely, but dependig on the number of stations read,
png can treal the tie-in error as one would treat correc-
fions for magnetic diurnal variation during a ragnetic
survey. For example if the tie-in reading is + 50 mv after
50 readings, then working backwards ong would distrib-
ute the discrepancy by adding -50 1o the last reading, -49
1o the second last, and so on. However, if the change in
reagings at the control station is severat hundred milh-
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Figure 6—An exampie of the “leapfrog " method of SP surveying with a fixed length of wire (see aiso Table 2).
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TABLE2 | AN EXAMPLE OF SP SURVEY NOTES FOR A SURVEY CONDUCTED USING
THE “"LEAPFROG™ METHOD WITH A FIXED LENGTH OF WIRE (see Figure BJ.
Reading plus inverse Transposed Final
Control Survey Pot Difference Reading at Tentative Adjusted
Station Station Pot POD.={-1) Negative Pot Value Value
(Miliivolts)

BLO 0+00 {1 - - (1
050N (+} +5+(+1)=+6 +(+6) L3 < T
1+00N -} “10+(+1}=-9 -(-9) +15 ...
1+50N {+) +15+{+1}=+16 +{+16) .22 T,
2+30N (-) +35+{+1)=+36 -{+36} b5

a

volts it is necessary lo recheck calculalions or resurvey
the lines.

Although faster, this alternative method is somewhat
complicated, requires careful arithmetic, and usually in-
volves an adjustment to bring the refative values into rea-
sonable perspective lor interpretation. Despite savings in
time, it is not recommended unless one is obliged to use
it due to magnetic starms or a shortage of wire.

(4) Notes on the Interpretation of SP
Survey Results

The results of an SP survey can be effectively repre-
sented and interpreted by using maps on which the final
adjusted values are shown along with SP line profiles, or
maore preferably, 5P contours of appropriate intervals. If a
good background range is established, most anomalies
are well delineated as more negative areas.

Angmalies of -450 mv, or more negative, are due to
graphite, but anomalies of -350 to -400 mv can occurina
varnety of lithologic or mineralized conditions, Generally,
detziled follow-up readings along the strike of the ano-
maly can resolve some of the possibilites,

Another situation sometimes encountered dunng an
SP survey is a ling of values which are more negative than
the values along the adjacent lines on each side. This
means that the anomalous SP contours fun along the ling
at right angles to the base line and also 1o the regional
strike. This condition may either be due to a loss of con-
trol, or the presence of a crosscutting conducting body
which may contain sulphides. Loss of control may be due
to a sudden change in pot difference, an erroneous read-
ing {value) ot the control station, or location of the control
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station over an anomaly. Similar to magnetic surveys, SP
surveys are better conlrolled from nonanomalous control
stations. If control stations are 1o be set up on the base
fine. it is preferable to first survey the base fine, back and
forth if necessary, to establish reliable values. Then, if
some parts of the base line are anomalous, these should
be avoided as control stations if possible. Since slight
variations in maisture or temperaturg can change the
electrical potential of any station, it is likely that in an ano-
malous area the change will be greater. To determine the
cause of an anomalous line of values, the readings along
it should be repeated. Repeated surveys of SP anomalies
due to buried conductors are generally repiicative: al-
though, they may change in strength due mainly to varnia-
tions in the level of the water table. A low water tabie
produces stronger negatives than a high water table.

if duplicate readings shoukd substantiate that an
anomaly follows along a survey line, scme follow-up
cross traverses perpendicular to the line may be required
in arder to detail the anomaly as clepicted in Figure 7.

In some cases the line profiles or contours of SP va-
lues may be used to approximately indicate the direction
of dip of a conducting body {see Figure 8). This is particl-
uarly 5o in level areas of no topographical etfect or when
using the canvas sample-bag method (see “Alternative
Field Methods™).

(5) Mineral Prospecting with the SP
Method

The main procedures of the SP method are described un-
der the heading “Conducting an SP Survey™. SP pro-
specting may be conducted with a reel of wire; or, at a
constant pot separalion, depending on which is more
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Figure 7—An example of an SP anomaly {arbitrary contour values) detailed by cross iraverse lines.

convenient. Narmally, it is not necessary 10 cut picketed
grid lines for prospecting, as pace-and-compass trav-
erses provide sufficient control over location of anoma-
lies.

When an anomaly has been detected it should be
“peaked up”. This means that the forward pot is moved
back along the survey line until the highest reading on
that traverse line is accurately located. This may sequire
moving the pot only a few centimetres along e fire.
Next, the rear pot and rillivoltmeter are moved up close
to the anomaly, preferably at or near a surveyed station
so that the new control station can be tied-in to the rest of
the survey values. As an exampte, the peak on the survey
line in Figure 9 is -225 mv; since somewhera along strike
the peak could rise to a "graphite” level, it is necessary to

maintain some control over the relative magnitude of SP
vatues. Assuming the new control station 1s found o be
valued at -125 my, it is pessible ta do a further check per-
pendicular to the traverse line ko establish the location of
the anomaly peak more accurately. If there is higher
ground to the right and lower ground to the left, it 1s pret-
erabie to test the higher ground first by a detailed parallei
traverse ling some 5 o 10 m from the original survey line,
as shown in Figure 9.

i a second peak of -285 mv is Iocated to the right,
this means that the best direction was chasen, and an-
cther detailed traverse line should be surveyed farther to
the right. The third peak may be only -105 mv. Thus the
strongest vaule is near -285 mv. Next, it is possible to pin-
paint the SP target by “potting” along strike until the maxi-
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Figure 8 —An exampie of dip determination using 5P data.
{A)—cross-section of a dipping sulphide body.

{B)—line profile of SF readings over (A) showing smooth gentle stope on the down-dip side and sleep abrupt

sfope on the up-dip side.

(Cl—contours of SP readings over (A) showing wider spacing interval down-dip and a closer interval up-dip.
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SURVEY DETAILED FOLLOW-UP LINES
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Figure 3—An example of detailed folfow-up surveying
used to locate a maximum SF peak.

mum peak is located, prebably between the griginal trav-
erse line and the -285 mv value for the above example.
Assuming the highest peak value is -320 mv, this is where
the source of the anomaly is closest to surface. To evalu-
ate whether the anomaly can be exposed by stripping, it
is necessary to "pot"” around the highest peak by taking a
dg)zen of so readings over an area of about 30x30 cm? {1
ft2).

If the readings around the peak vary by only 1to 5
myv within the square area, then the source of the anomaly
is probably beiow the water table and inaccessibie by or-
dinary gverburden stripping. If the readings vary by 5 to
15 mv or more, the anomaly is above the water table and
probably may be exposed by stripping off the overbur-
den with a shovel and pick. It the peak area varies by 25
to 50 mv or morg, the source of the anomaly is probalby
graphite which may, or may not, be above the water ta-
ble.

An alternative to the grid prospecting method for sur-
veying well-staked contiguous claims is the “spiderweb”
lechnique illustrated in Figure 10.

Four claims can be covered from a single control sta-
tion. This method is recommended for base metal pro-
specting in areas where only large sulphide bodies are of
interest. It is not recomimended for gold prospecting.
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Figure 10-—The “spiderweb” method of 5P surveying.

CONCLUSIONS

Lang (1970, p.162) states: “Of all the geophysical meth-
cds applicable to the search for sulphides, the spontane-
ous polarization technique provides the quickest field
procedure and also furnishes highly definite information
as to the occurrence or absence of sulphide mineraliza-
tion...With the exception of graphite there are but few in-
significant factors to lead the geophysicist astray when
interpreting the spontaneous polarization results.”

MNevertheless, because varying concentrations of
iron sulphide are common near the surface ot the earth’s
crust, and are readily detected by the SP method, there
may be a considerable number of SP anomalies which
are due to uneconomic mineralization. Thus SP should be
combined with other prospecting methods when the na-
ture of mineralization is in doubt. Also, laboratary and
field research into several impontant aspects of the SP
method are lacking. For example, the feasibility and ef-
fectiveness of SP surveys over ice are not well estab-
lished. Other areas of possible investigation include the
effects of magnetic storms, the extra intensity of these
storms near major iron formations, the effect of hydrother-
mal alteration on SP anomalies, improvement of the can-
vas sample-bag technique (see "Allemative Field Meth-
ods") to eliminate potentials due to varying soil acidity,
derivation and refinament of lopographic correction tech-
niques, and use of the 5P method to monitor earthquakes
or atomic explosions.



f""\:

References

Barus, Carl W.

1882: On the Electrical Actwity of Ore Bodies in Gealogy of the
Comstock Lode, edited by George F. Belcher, Menograph
M, United States Geofogical Survey. Chapter X, p.309

Burr, 5.V.

1960: The Seli-Potential Method tor the Prospector, Canadian In-
stituie of Mining and Metallurgy, Transactions, Vol.LX|Il,
p.591.587.

Fox, Robent W.

1830: Cn the Electromagnetic Properies ol Metalliferous Veins
in the Mines ot Cornwall, Proc. Roy. 5ec London, Vol.2,
p411.

Keily, Sherwin F.

1857: Spontaneous Polanzation, of Sell-Potential Method in
Methods and Case Histones in Mining Geophysics, edited
by J.P. deWet, Sixth Commonwealih Mining and Metallurgi-
cal Congress, p.53-59.

Lang, A.H.

1970: Prospecting in Canada, Economic Geology Repon No. 7,
Geclogical Survey of Canada. 4th edition, 308p.

Lundberg, Hans

1928: The Present Slatus of Geophysical Methods of Prospect-
ing, Canadian Institute of Mining and Metailurgy, Transac-
lions, Vol X004, p.208-221.

1948: On the History of Geophysicai Exploraiwon, Canadian Insti-
tute of Mining and Meatallurgy, Yolume 41, Ng. 431, p.171-
185.

Parasnis, D.S.

1875: Mining Geophysics (2nd edition}, Elsevier Scientific Pub-
lishing Company, p.80-97.

Sato, Motoaki and Mooney, H.M.

1960: The Electrochemical Mechanism ol Suffide Seit-Potenhals,
Geophysics, Vol XXV(1), p.226-249.



APPENDIX 4
EXTENSIONAL FAULT MODEL AND PHOTOGRAPHS

17




-

F’?F'.:;;f'm\ v 7 ‘_f.m 3 t"-_.
Honer
;--.‘;' I P-’- 1 F“IE‘,B

L T P AE ~
L:Zuurcr 10" Oap BT t) EST (r‘?"b>

PLurnGe 1O W E X
wWieath  Farna

DIP Sto e TofsPadey

"*?m-"t.g:-.-.r Lany Saprace
ﬂcom.wc.- MR

//- l - .
a7 T kg 1y WAL A faptrede
L / .

THE ShET Co AR THE e
el By Pai H."-)f_i'ﬁ'b”-"/ E ot e Ly
il B ‘
e Chas n BRer.



% [

MULTI-DIRECTIONAL FRACTURING IN THE SILTSTONES



/

LONG TRENCH L-18475N 21140E AREA

TRENCH ON QUARTZ SHOWING 17900N 21000E






BENCHES FORMED BY EXTENSIONAL FAULTING

CLOSER VIEW OF CARBONATE ZONE



FRACTURING IN QUARTZ-CARONATE ZONE

SHATTERED FELSIC DIKE ON TOP OF MORET RIDGE



QUARTZ VEINS IN THE CARBONATE ZONE

VEINS ARE APPROX. 1 METRE APART

-
O
Q
2
m
W
m
o
]
=
o
L
=
o
:
<,
—
wl
=
Q
=

83
=
v
Fed
[
54
—
=
o
~
Q
=
Z
o
&
:
<t
L



VIEW OF THE EAST SIDE OF MORET RIDGE
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West Fork Beaver Creek

ROCK SAMPLES TOMMY JACK 1999

SAMPLE # Au Ag | Pb Zn As
TIR-1 <5 <0.2 <2 24 <2
TIR-2 85 0.4 20 30 240
TIR-3 195 0.2 10 10 162
TIR-4 100 0.2 10 28 248
TIR-5 i5 0.6 32 108 394
TIR-6 <5 0.2 <2 34 38
TIR-7 <5 0.2 <2 116 32
TJR-8 <5 <0.2 2 46 8
TIR-9 <5 <0).2 <2 12 6
TiR-10 <5 0.2 2 82 20
TIR-11 <5 <0.2 2 48 32
TJIR-12 <5 <0.2 <2 22 16
TIR-13 <5 <0.2 <2 <2 <2
TIR-14 <5 0.2 4 32 <2
TIR-15 <5 0.2 4 90 <2
TIR-16 <5 0.2 4 78 6
TIR-17 <5 1.4 <2 2 66
TIR-18 <5 0.2 2 16 98
TIR-19 235 0.6 2 34 132
TIR-20 <5 <0.2 2 26 88
TIR-21 <5 0.2 2 30 66
TIR-22 <5 <0.2 2 34 12
TIR-23 <3 0.2 6 52 34
TIR-24 <5 0.2 <2 108 16
TIR-25 <5 0.2 2 120 16
TIR-26 <5 0.2 2 114 8
TIR-27 <5 2.6 288 282 30
TIR-28 <5 02 2 90 62
TIR-29 <5 04 2 80 40
TIR-30 <5 <0.2 4 116 8
TIR-31 <5 04 12 70 70
TIR-32 <5 0.4 4 40 24
TIR-33 <5 <0.2 <2 20 64
TIR-34 <5 <0.2 <2 42 2
TIR-35 <5 <0.2 2 68 <2

o/c = outcrop(cxposure), sdst = sandstone,

slst = siltstone(includes mudstone, claystone and very fine sdst),
qtz = quartz, stwk = slockwork, carb. = carbonate usually ankerite,
rep. = represemtative, X = across

Analytical values: Au in ppb, Ag, Pb, Zn and As are in ppm.
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