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Expenditure to end September, 1996 on E.L. 14/94 was $33,837

Total Expenditure on E.L. 15/94 was $9,549.

A geoelectrochemical survey was completed in 1995. The only
anomalous responses were obtained in the eastern sections of E.L.
14/94.

Whilst the sampling density was very low, it was decided to follow up
only on the anomalous eastern blocks of E.L. 14/94, and relinquish
the southern and south-western blocks of E.L. 14/94 and the entire
E.L.15/94.
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2. AREAS TO BE RELINQUISHED

----------------------------------------------------------------------------------------------------------------

The areas to be relinquished are shown on the attached Fig 1. They
are:

337004
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(a) the complete E.L. 15/94 area

(b) those sections of E.L. 14/94 described In the Licence
Schedule as Parts 1 (33 sq kms) - South of Zeehan) and
part 2 (17.1 sq kms - south-west of Zeehan)

The areas retained are those two areas East of Zeehan, described In
the E.L. 14/94 Licence Schedule as Part 3 (13.1 sq kIDs) and Part 4 (2
sq kIDs).

Relinquishment Report - E.L. 15/94 &. Part E.L. 14/94, ZeehanArea
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3. WORK COMPLETED

This survey indicated:

----------------------------------------------------------------------------------------------------------------
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A Preltmlnary Report on Geoelectrochemlcal1nvestlgatlons
In the Area Zeehan (Tasmania). Prognostic Evaluation qf
the Tenitory Stage II. by Dr I Goldberg. 1995

In January 1995. 140 widely-spaced soil and rock samples were taken
across E.L. 14/94 and E.L. 15/94 and sent to Russia for analysis.

WhlIst the sample spacings were wide. and few sample points
fell within each of the E.L. blocks. It was decided to confine
follow up work to those anomalous areas on the eastern
sections of E. L. 14/94 and relinqUish the remainder of the
area.

results from the other two sections of E.L. 14/94
to the South of Zeehan were disappointing

results from samples relevent to E.L. 15/94 were
disappointing.

the two eastern sections of E.L. 14/94 were
anomalous for a wide range of base metals

A selection of papers on the geoelectrochem1cal technique and results
of a number of successful test projects are attached as Appendix 1.

Geoelectrochemical exploration has been Widely used in Russia and
China for many years as a technique for exploring for deposits
concealed by deep soils. glaclals or other cover rocks. The technique
is relatively new to Australia but several variations are currently
under investigation.

The results of this work are presented In the report attached as
Appendix 2. titled:

Allegiance acquired E.L. 14/94 and E.L: 15/94 prtmartly to explore for
deeply concealed base metal deposits by the application of
geoelectrochemical exploration methods.

RelinqUishment Report - E.L 15/94 & Part E.L /4/94. Zeehan Area
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The geoelectrochemtcal survey completed involved no ground
disturbance. All sampling was completed along existing roads
and tracks.

Reltnquishmenr Report - E.L. 15/94 &. Part E.L. 14/94. Zeehan Area

No rehabilitation work was, therefore, undertaken.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4. REHABILITATION
337007

Page 5



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

337008



)

r
iIi

-1

I:

1'1

I
I]
j
I
,

I
-
I
I

;

I
I
I
I
I
I
I
I
I

1.

2.

3.

X. 4.

5.

337009

Report on Canadian Survey· Siegal & Ryss

Results of Geoelectrochemical surveys conducted by Rudgeotizika and Scintrex

Canada.

Journal of Geochemical Exploration - Antropova & Goldberg

Anicle in Journal of Geochemical Exploration. co authored by Dr. Goldberg that

details Geoelectrochemical methods.

Preliminary Studies of CHlt>\ - Smith, Hoover & Sanzolone

Analysis of CHIM by U.S. Geological Survey. Note reference to Dr. Goldberg as

developer on Page 258 1st Paragraph.

Curriculum Vitae; Anthony Howland-Rose

Note geophysical contribution to discoveries of are bodies on Page 24th

Paragraph.

Integrated Methods in Exploration and Discovery· US. Geological Survey

Conference paper on Geoelectochemistry.
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Yu S. Ryss* and II. O. Seigel"""
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SOME RESULTS OF APPLYING RUSSIAN GEOELECTROCHEMlCAL
METHODS IN CANADA

*

Despite these limitations it is apparent that the GEe methods can playa useful role in future
mineral ex:ploration programs in Canada.

Authors:

Abstract:

Rudgeofizika, St. Petersburg, Russia
.. Scintrex: Limited, Concord, Ontario, Canada

The results of these tests show that these methods are capable of indicating the presence of
certain base metal occurrences, which lie under as much as SSm of glacial overburden. The
tests over two gold occurrences were hampered by limitations of the sensitivity of the analytical
method employed. Nevertheless, one of the gold deposits appears to have been detected.

Three geoelectrochemical methods, designated as CHIM, MPF and TMGM, developed by
Rudgeofizika, Russia, were tested over five mineral occurrence in Canada in 1990.

Some operational limitation.s of the methods were noted during these tests, including the
occasional difficulty of obtaining good sampling material for one or more methods, and
interferences from surface pollution.

Title:
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SOME RESULTS OF APPLYING RUSSIAN GEOELECTROCHEMJCAL
METHODS IN CANADA

INTRODUCTION

In the field of resource exploration, the former Soviet Union appears to have developed in
somewhat technical isolation from the rest of the world. It has had a massive effort in this field,
probably equal to that of the rest of the world combined, at least in terms of manpower. For
example, its Ministry of Geology employed over one million people, of whom a total of one
hundred thousand worked for their geophysical department alone. They had fifteen research
institutes of the Ministry, working on new exploration methods. Much of this enormous
structure is still in place, now reporting to the Committee for Geology of Russia.

There are certain areas of the U.S.S.R. exploration technology which are relatively little known
in the West, in terms of theory, practice and field results. One such area is in the field of what
they call "Geoelectrochemical" (GEC) methods. These, consisting in five variants, have been
developed over the past twenty years by Rudgeofizika, a large research institute in St.
Petersburg, one of the fifteen such mentioned above.

Scintrex first became aware of the GEe methods in 1983 and entered into a lengthy process of
discussion with the Ministry of Geology, which eventually opened the way to the introduction
of these methods outside of the U.S.S.R. A formal partnership, named Geoelectrochemical
Surveys Partnership (GECP) was formed between Scintrex and Rudgeofizika, for this purpose,
in 1991.

- 2 -
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TIlE 1990 CANADIAN FIELD PROGRAM

Whereas there appeared to be ample Soviet case histories on specific Soviet mineral deposits,
attesting to the efficiency of these methods, it was Scintrex' opinion that it would be imperative
to carry out a test program in Canada, over a range of typical ore deposits of economic interest,
in various geologic circumstances. Only in this manner could the application of the methods to
the detection of buried mineral deposits, under Canadian conditions, be proven.

With considerable effort, sufficient support was mustered from the Canadian mining industry,
the Ministry of External Affairs and International Trade of Canada, and the Ontario Ministry
of Northern Development and Mines, to launch an appropriate test program in the summary of
1990. Twelve major mining companies entered into individual agreements for a three-month
test program entailing these three geoelectrochemical methods. These sponsors included, in
alphabetical order, BHP Mines Ltd., BP Canada Limited, Cominco Ltd., Corona Corporation,
Falconbridge Limited, Granges Exploration Limited, Hudson Bay Exploration and Development
Co. Ltd., Inca Exploration and Technical Services, Inc. Lac Minerals Ltd., Noranda Exploration
Limited, Rio Algom Limited, and Teck Explorations Limited.

A team of 10 senior scientists of Rudgeofizika under the direction of Prof. Yuri S. Ryss, the
Chief of the RudgeoflZika Geoelectrochemistry and Geochemistry Division, arrived in Canada
in June 1990, together with all their field equipment and one large Russian truck and trailer­
mounted MG set. They were joined by a Scintrex party chief and chemist.

The 1990 field test program lasted three months, during which three GEC methods were applied
on five mineral occurrences in northeastern Ontario. Fig. I. These included two gold deposits,
one copper-zinc occurrence, one lead-zinc occurrence and one nickel-copper deposit, affording
a great range of geological and geomorphological conditions. Figure I shows the location of
the deposits tested.

A condition of this test program was that the results thereof were to remain confidential until
November 1992. Since this restriction has now expired, it would be useful to present some
details of this test program and its results.

It may be noted, in passing, that a further GEC program, entailing the same methods, was
carried out in Canada in the sumlller of 1991, over five additional sites in locations ranging from
Quebec to Manitoba on behalf of individual clients who participated in the 1990 program.

A test GEC program, of similar scale, was conducted in Australia in 1992, on behalf of five
major Australian exploration companies.

- 3 -
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AN OVElWlEW OF TilE GEOELECTROCIlEMlCAL METIIODS
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While methods based on similar partial extraction procedures have been attempted in North
America and elsewhere, the key to Rudgeofizika's success with MPF and TMGM lies in their
skill in sampling the appropriate horizons, and in their unique extraction technology.

Method of Prospecting According to the Forms of Elements
Thermomagnetic Method, and
Method of Partial Extraction of Metals

MPF:
TMGM:
CHIM:

In the CHlM method, an electric field is established, which attracts near-surface mobile ions
to collector electrodes, which are normally cathodes. The solutions in these electrodes are then
analyZed for the metals of interest. An advantage of the CHIM method is that a well-defined
surface anomaly usually occurs directly over the mineralization. It is this method which has the
closest affinity to a geophysical method, as it functions on the basis of electrochemistry as does
the IP method.

The TMGM method is based on the scavenging of mobile ions by iron and manganese oxides
in mineral soils. As a rule ,these oxides are found a·t a depth of 15 to 50 cm. When such
samples are heated, the oxides became magnetic, permitting them to be concentrated. Chemical
extraction and analysis of the trace metals, associated with the oxides, follows.

The MPF technique takes advantage of the fact that soil organics naturally trap mobile ions.
Samples of the appropriate organic-rich soil horizon are taken. Extraction of the metal-organics
of interest is done, their metal content is analyzed and the result is normalized for the carbon
content. Whereas a lithogeochemistry anomaly may be laterally displaced by groundwater
movement and topography, etc., MPF anomalies often lie directly over ore deposits. MPF has
also been found to work in semi-arid areas where there is very little evident organic material.

The MPF, TMGM and CHIM methods have each demonstrated their ability to detect
polymetallic, tin, gold, lead-zinc, copper-nickel, copper, molybdenum, rare earth and kimberlite
deposits, to depths of hundreds of meters, under a wide range of conditions in the U.S.S.R.

These methods are all based on the hypothesis of the movement of mobile metallic ions, upward
from mineral deposits in the earth. These ions may move either passively in the earth due to
diffusion forces and natural electricfields, or by virtue of induced electrical fields created for the
purpose. Slides 2, 3 & 4.

Scintrex became interested in the geoelectroche!11ical methods because they appeared to
successfully detect ore deposits in some situations where uaditional geochemistry would have
difficulty in so doing. Examples of some such problem situations are: 1) transported cover, 2)
blind deposits and, 3) deposits which are difficult to detect directly because they do not have
marked chemical or physical signatures which are delectable at surface. Such problems are often
encountered in Canada, particularly in areas covered with glacially transported soils. The three
geoelectrochemical (GEC) methods, employed on these programs, are as follows:
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The above three methods rely on similar principals for their function. These principals are: I)
selectivity, 2) preconcentration, 3) aureole detection.

In standard geochemistry, one analyzes the total specific metal content of a sample, or of a
portion of that sample which has been selected, or example, on the basis of its particle size. The
GEC mobile ion content, however, may constitute less than I % of the total metal content of a
sample. In terms of the complete, original sample, therefore, the GEC component of interest
will commonly lie in the sub-p.p.m. range, and, in the case of Au in CHIM, in the sub-p.p.b .

. level. Preconcentration is therefore necessary in order to raise the content of mobile ions in
the soil up to a sufficient level for analytical measurement. In MPF and TMGM, this is done
naturally, in-situ, over long periods of time, by organics, or by iron and manganese oxides,
respectively. In CHIM, this is done by transporting mobile metallic ions to an electrode under
the influence of an induced electric' field. This process effectively samples a much larger
volume than the usual soil sample.

Based on Soviet experiences with these methods, ore deposits sometimes can be detected at
depths of up to a few hundred of meters. A logical explanation appears to be that a deposit has
an aureole of mobile metallic ions, some of which may move at unexpectedly high rates, and
which may be detected at a large distance from the deposit, while the total metal content in the
soil at the surface may not be high enough to provide a standard geochemical indication.

FiELD PROCEDURES

Samples were obtained for all three methods at stations which are 20m apart, on (generally)
three lines across each target area, with some intermediate stations and lines in areas of
particular interest. Each profile would be about 1.5km long and their separation would be 100m
to 200m, depending on the size of targets of interest.

The CHIM equipment, slides 5, 6, 7 & 8, employed includes a 40 channel transmitter, capable
of feeding an equal number of cathodes ("element receivers") simultaneously. It was powered
by a 10 KW motor-generator set. Current was commonly passed for up to 20 hours, and the
electrolyte containing the collected metals was then retrieved for analysis. In the 1990 program,
the CHIM samples were analyzed, in the field, using a Scintrex AAZ-2 atomic absorption
spectrometer for base metals, and a Russian polarograph for gold.

The MPF and TMGM samples, gathered from their appropriate ho:izons, were bagged, dried,
and sent out for selective extraction and analysis. These analyses were generally performed
using atomic emission spectroscopy. The elements to be analyzcd would depcnd on the metals
expected to occur in mineral deposits in the prevailing geological environment.

In addition, as an independent check on how standard geochemistry works in the area and as a
check on the possibility of surface contamination, standard soil samples were sometimes taken
from the same stations and analyzed for lotal metal content.

- 5 -
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GEC results, like all geochemical results, tcnd to be "spikey" i.e. there may be considerable
variations between adjacent samples, due to the statistical variations of mobile metal content in­
situ. For this reason, GEC data are best plotted in profile form. In the case of the CHIM
method, results for the 1990 program have been plotted in units of micrograms of metal in the
electrode receiver. In terms of concentration values, the equivalence is approximately I
microgram = 10 parts per billion in solution.

For the TMGM method, the units are percent of the iron and manganese fraction. For the MPF
method the units are the ratio of metal to carbon, again in 'percent.

Profiles may also be presented of the .cross-product of the above mentioned reSUlts, for several
metals which are characteristic of specific types of deposits, e.g. CuxZnxPbxAg in the case of
a polymetallic deposit. These cross-product profiles tend to accentuate geoelectrochemical
indications from such deposits.

CASE HISTORIES

I. Montcalm Test Site Fig. 9

The Montcalm nickel-copper deposits are situated in north-central Montcalm Township,
about 70 km northwest of Timmins. They contain 4.2 million tons grading 1.4% nickel,
0.7% copper and 0.1-0.2% cobalt in two main and several smaller lenses. They occur in
a gabbro intrusive into volcanics. The deposit is covered by glacial overburden 10-40 em
thick (mainly varved clays, some gravel and sandy till and capped by up to 5 m of peat).
Figure 2 shows the results of one of the two profiles over the deposit. The deposit is
indicated by nickel and copper responses on the CHIM profiles and the MPF profiles. The
TMGM results are not corroborative, largely, it is believed, because good sampling material
for TMGM could not be obtained over the area of interest because of thick swamp. The
crew was, unfortunately, not equipped with augers long enough to reach into the proper
horizon for TMGM samples.

A second GEC line, 70 m away, yielded a somewhat similar response pattern over the
deposit.

This case history illustratcs two aspects of these methods. Firstly, proper sampling material
is necessary if the results are to be meaningful. Secondly, the CHIM and MPP have
indicated the prescnee of this nickel-copper body, through 40 m of glacial overburden.

2. Chance Test Site Fig. 10

This sitc lics about 2 kill northwest of the Kidd Crcek polymctallic, VMS deposit, about 30
km north of Timmins. The deposit itself is small (abOllt 200,000 tons) but high grade (3 %
lead, 13% zinc and approximately 200 glt of silver), in a VMS body which sub-outcrops
under about 55 m of glacial overburden. It is hosted by a sequence of vertically dipping
volcanics.

- 6 -



'"

1\
1

I,
I

I
I

I
,

I
I
I
I

­
I
I
I
I

337011>

Figure 3 shows the GEC results over the m<lin section of this sm<lll lells. Thc line shown
rUlls parnlld to, anll within about 100m of a minc wasle road opcratcd by the Kidd Creek
mine. The roallbcll has bccn crcalcll by llumping minewaste, inclulling suphille-rich
boulders. It lies up-drainage from the survey line. Thus, the possibility of surface
contamination from this road was a concern during the course of the survey.

The CHIM results amply confirm the surface contamination, showing very high values for
copper, lead and zinc, essentially all along the profile.

The TMGM and MPF results, however, show quite a :different picture. They indicate lead,
zinc and silver responses which are localized in two areas, the larger one being almost
directly over the deposit'and a smaller one, in a similar geologic environment, about 400
m to the north. The latter location correlates with a known, narrow but persistent, zone of
lowgrade zinc. It should be noted that the CHIM results in the latter area are relatively low.
The TMGM cross-product (copper x lead x zinc x silver) profile gives a very clear
indication of the deposit.

One conclusion here is that the Chance deposit is shown up on both the MPF and TMGM
results, despite being hidden under more than 50 III of glacial overburden. A second
conclusion is that the CHIM results are very much affected by surfacial contamination from
the mine-waste road. The belief that this contamination does not extend deeply enough to
affect the MPF and TMGM results is also supported by carefully executed vertical soil
profiles, carried out later by Prof. Ian Nichol of Queens University.

3. Harkcr-Ilolloway Test Site Fig. II

This is a gold deposit, lying on the west boundary of Holloway Township, about 45 krn
NNE of Kirkland Lake. Gold occurs with fine dusty pyrite and some arsenopyrite, in
basalts near an ultramafic contact. The deposit is stratabound and dips at 60 degrees to the
south. Overburden is less than 20 m thick and includes clay, sand and boulders. Some
outcrop occurs on the grid area, including some earlier exploratory workings.

At the time of the GEC survey the property was being actively drilled. Surface
contamination was anticipated to be a potential problem as a result.

Figure 4 shows one GEC profile with results of all three methods. CHIM samples were
analyzed for gold only, by polarograph, in the field. About 85 % of CHIM gold analyses
were below the lower limit of detectibility of the analytical method (.01 microgram, or 100
ppt).

Those gold values above this threshold show the following: a) a grouping directly above
the sub-outcrop of the gold bearing zone on this section, which essentially apexes about 200
m below surface b) one large and two small values near the Mining Corporation showing
to the north and c) two other dual or triple adjacent value anomalies to the south. One of
the latter may renect contamination from a nearby drill hole, but the other is of unknown
origin.

- 7 -
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The iron and manganese oxides, on which the TMGM method relies, apparently have a low
affinity for gold, so that TMGM samples are not analyzed for gold. The TMGM base metal
data are not expected to be informative, in this case, as there is no known association with
base metals for this gold deposit.

The MPF data also shows a much higher percentage of gold analyses above the analytical
threshold. They provide a somewhat similar set of indications as the CHIM, including a
series of values over the sub-outcrop of the gold-bearing zone, responses over the Mining
Corporation showing on its up-dip extension, and the two indications farther to the south.

This case history illustrates a number of points, via: .

a) the CHIM and MPF results appear to be reflecting the presence of the gold bearing
zone on this property,

b) surface contamination is a problem, particularly near outcrops which are somewhat
mineralized .

and c) an analytical method of higher sensitivity (at least 10 fold - i.e. to 10 ppt) for gold is
required, to provide more meaningful CHIM data.

4. Currie-Bowman Test Site Fig. 12

This site is situated about 70 kIn east of Timmins, on the Currie-Bowman township line.
It is essentially a polymetallic prospect where patchy, ill-defined, sulphide lenses containing
copper, lead and zinc, have been intersected by drilling, in graphitic argillites near a contact
with feldspathic volcanoclastics.

Overburden ranges from nil to 35 m, being thickest over the best part of the prospect. It
consists of lacustrine clays and sills, ovcrlying a thin laycr of sands and gravels.

Figurc 5 shows the GEC profile ovcr thc main millerali7.ed wne on the sileo

Well defined CHIM responses are to be seen directly over the zone, in lead, zinc, copper
and silver. Strangely enough, this is not corroborated by the TMGM or MPF in the same
location. These methods do show significant relief on all metals (particularly zinc) but these
occur on the flanks of the mineralized zone, one of which coincides with an outcrop
location.

This case history shows that a) the CHIM method can give positive indications directly over
a polymetallic mineralized zone, which is buried beneath 35 In of glacial cover, largely
lacustrine clays. The MPF and TMGM responses, whereas strong, do not spacially
correlate with the zone, but flank it. Some of these responses may be associated with an
outcrop in their vicinity.

- 8 -
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5. Windjammer Test Site Fig. 13

This site lies astride the Dester-Porcupine fault zone, about midway between Matheson and
the Quebec border. It contains two small, low-sulphide, quartz-carbonate stod:works
carrying gold values. The host rocks are conglomerates and greywackes.

The site is overlain by the east flank of the Munro esker, with 38 to 88 m thickness of sand
and silt. .

Figure 6 shows a GEC traverse over one of these gold-bearing zones; where the esker is 40­
50 m thick.

The CHIM samples were analyzed for gold, zinc and silver. Over 60% of the samples
returned gold values of less than the analytical threshold. These samples which were above
the threshold in gold are largely in the section of the profile containing the auriferous zone.
However, these samples are by no means continuous.

As in the case of the Harker-Holloway site, it is clear that an analytical technique of higher
sensitivity is required for gold analyses on CHIM samples.

The TMGM results were not analyzed for gold for reaSons already stated. So far as the
MPI"' results arc conccrncd, the levcls of gold in the organic fraction were too low to be
(ktccliblc.

Curiously enough, there appears to be an indication of the auriferous zone on the TMGM
cross-product profile (copper x lead x zinc x silver).

This case history is more indicative of problem areas than of a fruitful application of the
GEe methods. Firstly, an esker provides poor sampling material for the MPF and TMGM
methods. Secondly, for CHIM gold analyses, a higher analytical sensitivity (or lower
threshold of detection) is required.

- 9 -



There are some limitations to the GEC methods, that have appeared in the work to date.

2) exploration for blind and deeply buried deposits in areas of favourable geology; and

3) direct exploration for gold deposits which do not have a high sulphide association.

Lastly, a method of analysis for gold, of higher sensitivity, than that employed to date, is
required for the CHIM samples.

337019

Yuri S. Ryss
Harold 0, Seigel
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CONCLUSIONS

I) testing of conductors located by airborne or ground electromagnetic surveys, to
ascertain which sections of them may be of potential economic interest, and therefore
warrant drilling.

Firstly, not all methods, necessarily, give a significant indication of the mineral occurrence in
each case. Insufficient work has, as. yet, been done to be able to predict which of the methods
will work best in any particular set of circumstances. The Russians appear to have come to the
same conclusion, in that they recommend the use of both MPF and TMGM simultaneously, for
reconnaissance exploration.

Secondly, certain types of overburden conditions (e.g. esker) may make it difficult to obtain
good sample material for the MPF or TMGM methods (lately using ICP-MS in Australia, for
this purpose).

Thirdly, care should be taken to avoid areas of surfacial contamination, as this may obscure
some of the GEC results. The CHIM method is particularly sensitive to such contamination.

The results of the limited geoelectrochemical test work over known mineral occurrences in
Canada in 1990 have confirmed that the methods are capable of indicating the presence of
certain base metal and gold occurrences, which are overlain by as much as 55m of glacial
overburden. Such overburden cover generally precludes the effective use of standard soil
geochemistry. The deposits are usually best indicated by anomalies in the ore metals, but often
associated, non-ore elements, are useful for detection as well.

Despite these limitations, it is apparent that GEC methods can playa useful role in the future
in mineral exploration programs in Canada. Moreover, it is expected that some of these
limitations can be reduced or even overcome by careful planning, sampling, and development
of analytical techniques, in due course.

December 21, 1992

Typical Canadian exploration problems to which these methods may be applied may include, for
example;
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New methods of regional exploration for blind
mineralization: application in the USSR

L.V. Antropll\"a. I.S. Goldherg. N.A. Voroshilo\" and Ju.S. Ryss
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"ntropo\'",. L.V.• (iohJtll..'r}!.. I.S.• Vorushilo\'. N.A. :l.nd R)·ss. Ju.S.• 19Q~. New mcthods or h~,.ilmal

\"",plnralion fur hlind Olin...·r.J,lu:uion: o1pplic.Jlion in lhc USSR. J. lii'l!t:hl"lU. J:.:fl'llJr.. 4.\: J51-1 66.

Thl'ii 1"':1.1"'-'( hril·ny (,·\·i..•....... and llraws 3llC'nlion lO morc cJl,,"l:lilr.,'t.! rt:i"0ns in the USSR lil\'r:llun: rur
R,,'W methods uf \·:\plur.JIHm fur hlind mincrol.liution. There: ~rc bOlscd on the sclc:cti\'C' eJ,l~(,lion uf
It':I.,,·"'l.'lcnu:nts in "lohile' Ii.,rnl ftonl t't.-drock and soil. ThcSoC ~rc; ( J ) rc,ion;J) C.lplor.llion usina nrJ.1n·
i"'all~ round forms or .:kmL·nl!. (~lI'F); (2) clemcnts C'ompkJ,cd b)' sc,'C'ond:lr')' iron :lod nl3n'ilnC'1oC
Il'ld~ (Tz..1(j~I): Olnd (;1) d('('lroJI.'OC'hemicOII (pOJrtiill) C'J.ll"aC'lion of eh:mC'nls (CHIM J. Results iln'
,i\"t,'n fnr th,,· ilr'f'lliC'3tion nf the mcolhods 10 scv~r.i11 arcas of the USSR. These: results show Ih:1I till'
ml'lho,h C;1n ,okl"",,·t blin'" n1incro1li'o1lion 011 :) dcplh of SOO m or more in vilrious landSC':lPC' and .:Ii.
mill I'" t:n\"ironm.:nI5. Th", ~IIIF OJnd Tz..IGto.1 methods ilre ilpplicl.l OIt th", Tcg.ionOlI level 10 il.lcnlilY pru­
"1"\.",,'\1\(:' 131'Jt," ;H"·;l1. whih.' thL' CIIIM method is for dC'l:lilctJ c:\p\or:llion.

INTRODUCTION

As well as impro\'ing existing techniques used to detect near-surface miner­
alization. new methods must be developed in order to successfully explore for
hlind deposils. An allempl has heen made to apply the potential or electro·
geochemical methods to the problem of exploration for blind mineralization
hy using selective extraction techniques to isolate and analyze the mobile
form (s) of elcmenls. As f:lr hack as 1936. N.1. Sarfronov ( 1936) identified n
sC'L'Ondary (supc'rimposcd) component in dispersion haloes in addition to a
m,'chanical (residual) component. The secondary component is the result of
electrochemical and chemical processes. The laller causes changes in min·
erals. transformation of clements from primary forms of occurrence into mo­
hile lines. and migration of elements in all directions. including venieally to
the surface. Subsequenl interaction between these clements and the enclosing
medium results in lransformation inlo various secondary forms of occur-

(·nrrt,·~pondcncl· to: Ju.:-i. Rys\. NPO ··RudgC'ophysik.a". Ministrr or Gcology. LcningTiJd. Russi3.

().l75-h74~/~~/S05.00 u~ 1~Q: Elscvier SciencC' Publishers B.V. All rig,hls reser.ed.
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rig. 1. Map or USSR sho\'.:in(!. the sile's described in the lexl. The nunlbcrs on the: m:ap corrC'&
!opond IU the ligures liSlt'd bdo\\" for C':Jch locality.

REGIONAL EXPLORATION USING THE ORGANICALLY BOUND FORMS OF

Ol"('lIRRENCE OF ELEMENTS (MPF) (Anlropov•. 1975: An\r0poy. c< .1..1980)

" ..LV. ANTROt'OV" ET AL

The MPF method is bJsed on the extraction of metJI-organie Jcid com·
pounds (fulvic-humic complexes: FHC) from soils. To extract FHC. J selec·

15~

renee. SpeeiJI methods for dell'eting Jnd determining the seeondJry forms of
clements Jre required. since only J relJtively smJII ponion of clemenIS Jre
found in seeondJry forms. eompJred to the totJI eonlenls of those elements
in bedrock. InyestigJlions were initiJled in the USSR to develop methods
Jnd equipment to provide selective extrJetion of individuJI forms of occur·
renee or trace clements deri"ed from Jnd in bedrock (Ryss Jnd Golberg. 1973:
Vostroknutoy Jnd Juskov. 1968: Albul et JI.. 1968; MJyorov. 1972: SJyet Jnd
Nesyizhsbya. 1974: AntropoYJ. 1975: Bogoljubov et a!.. 1978; Voroshilova,
In:'.: Grigorjan. 198:'.).

Among others. the following new exploration techniques developed hy
Rudgeophysib have heen proposed and Jrc being introduced into geologicJI
orpnizations within the USSR:
I. regionJI exploration using the orgJnically bound forms of occurrence of

clements (MPF),
:'.. thermomagnetic (secondary iron and mJnganese complexed forms of oc­

currence of the clements) geochemical method of regional exploration
(TMGM); Jnd.

3c the clectrogeochemical method of partial extrJclion of clements (CHIM).
The essence of each method is presented Jnd eXJmples of results ohtJined

from diITercnl areas of the USSR (Fig. I) by the JpplicJtion of the methods
arc given.
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Fil- ~. LC;J,d :mcJ C'ol"'pcr in rul\":J.lc-hum;Jlc complexC's rrem soils over polymcl.:J.l1ic minC'rJlil~·

tinn :at Rudny AI1;J,i. (I) tlnconsolid.:ucd overburden. (2) Polymcl;allic minc~liulion. (3)
-\Ihltl'·rorphyry dyke.
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ti\'c solvcnt. sodium pyrophosphate, was used. Sodium pyrophosphate also
dissolves sorbates and water-soluble compounds. but these are present in in­
signilicant quantities in comparison to the amount of trace elements in the
organic complexes. For a quantitative assessment of the amount of organic
mailer. which is contained in the pyrophosphate extract. organic carbon is
determined. The concentration of a trace element (Me) is described relative
to the amount of llrt:ank l'aroon (%C) by Me/Co Sueh ratios satisfactor.ily
show thc conl'cntration~ 'Of trace clements heing collected in FHC, indepen­
Jent orthe quantities offu/vales and humates. Normalizing to organic carbon
compcnsates for crrors arising from incomplete humate and fulvatc extrac­
tion. and allows for panial cxtraction of FHC from soils (usually. samples arc
treatcd once using pyrophosphate). To determine trace amounts ofelcments
in FHC dilTcrcnt typcs oI'analyses arc carried out: photocolourimetry. polar­
ography. chemil'o-spectral and others. which allow determination ofclements
in the ranges of /IX 10- 1 to /IX 10"%. Elements determined include Pb. Zn.
Cu. Ni. Co. Sn. W. Bi. Sb. As. Ga. Ge, Mo, Ag. Cr, V, Be. Y. Yb. Au and Co

Experience in the application of the MPF method for regional exploration
has shown that deep-seated mineralization (up to 500 m) and those under
thick unconsolidated overourden (in excess of 150 m) can be detected. As
cxamples. results obtained in the search for both deep-seated polymetallic and
gold minerali7.:llion arc presented. Figure 2 shows the detection of polymetal­
lic mineralization. in the humate-fulvate complexes of soils. This polymetal-
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Fii!-. ~. Gold. ~11\'l:r :and :IrSl'nil" in IhC' ruh::uC'-hu01alC' C'omplC':tC's from soils over iln Ol,:rurn.:ncc
Ill' pl:u:l'r ~old. , I I (·lOlY. (~l (ir.I\"cls wilh So1ncJy Icnsl'S. (3) PI.U."l·r gold mine-rOlli/"l inn. (~)

Ikdrl)(,"h..

lie miner~Ii7.~tion. ~t Rudny Altai. occurs at a depth of 500 m and is cut hy
~n alhite-porphyry dyke. Tmnspor1ed overhurden. represented hy clays ov­
erbin hy loam. rJnges from 100-120 m in thickness. Figure 3 is an example
illustr~ting the delel·tion of placer gold mineralization in Zabarkalic huried
hl'neath 40 m of unL'onsolidated sediments. Here. a multiplicative anomaly
for :\u. Ag. and As in fU"'ale-hum:lle complexes is ohservcd. The intensity of
the anomaly is three orders of magnitude above background.

TIIER~I()M·\(;;,oIETIC(iEO("lIEMICAL METHOD OF REGIONAL EXPLORATION

(T~I(i~11 (Hn{:.oIJuho\' I.'t OIL 1l.J78; Voroshilo\";l. I Q8~)

The TMCiM method is hased on the selective extraction ofbedrock-rclatcd
met~ls aSS(lei~led with iron and manganese oxides and hydroxides (ferri­
mangancse liJrms l. To cxtractthese metals. primary magnetic miner~ls arc
lirst rem(l\'L'd ~nd the s~mple !ired under reducing conditions. In the !iring
pmeess. the seeol1Ll~ry imn-bearing minerals arc reduced to strongly mag­
netic compounds (magnetite. maghematite. wustite) which can he cxtr~cted

fmm s~mples hy m~gnetie separation. The extracted thermomagnelic frae­
tinn is analyzed for ~ wide range of clements using spectral, X-ray and other
mcthods. On the h~sis of the upgraded contents of trace elements in the ther-
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r-i~. ~ . .-\ COOlfl;lrisnn ht:IWI,,"cn TMGM (.:I) rC'sulis and lilhogcochcmic:l.1 (5) results (or ::Inli­

nlun~·. !i.ilvl'r. h:.:J.U ;lOU tin u'ocr i:I tin-bcilring zone co\"crcd by unconsolid:ucd scdimC"nl~. ( I )
llnl.:unsoliu;lII.:d d:lY. (~l S:tndslonc. (J) Tin.bcJring zone.

momagnetie fraction of surface soil samples targets related to blind mineral­
ization can be defined.

To illustrate the TMGM method, results over atin deposit in the Far East
arc presented (Fig. 4). In this swampyarca. tin mineraliution in sandstonc.
heneath 30 ni of Quaternary clays. was detected using the TMGM method.
The mineralizalion \~';15 reneeted by inereascd eontcnts of Sn as well as the
a550ci;lled "k-menls Ph. Ag and Sh. Examples also exist that show the succcss­
ful application of the TMGM method in exploration for polymetallic. tung­
5len. gold and other types of mineralization beneath up to 100 m of uneon-
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Fig. 5. R,,·suh:r. nht;lin~'d cnlplnyin{:. Ihc CHIM mcthodology over r:uC'-canh e!cmenl minl"r:lll­
I~tinn. ( 1 ) (jldl"iotluvi4l1 sl"diml'nl!'o, en Di:lb:lsc. (J) Gr:lnilC'. (4) Faults. (S) R:lre-C':lnh ("I,,'·
m ...·nl m inl."rJII/4IlitlO l'on~011 nln~ Ill"ryllium. (6) Stringers or r:uC'-c:lnb clement miner:llil:lliun
cnnl:unang hcryillum. (71 Cllnlnurs orCHlM beryllium anomalies: (a) proven. (b) probable.

16:!

The CHIM method enables the h:llo of the distribution of elcclromooile
forms of tr:lce c1emcnt~ in surf:lce soils :lnd rocks to be studied (Shm:lkin.
1985: Eng. Min. J.. 1990). The elements :Ire cxtr:lcted into:ln clement re­
ceiver consisting of:l cylindric:I! polyethylene vessel with:l e:lp:lcily of 4010
50 ml. covered On one end wilh :In ion perme:lble membr:lne m:lde of p:lrch-

solidaled ovcrhurden. as well :IS miner:lliz:ltion covered by up to 500 m of
bcdrock.
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Fig. 6. Results obt.i1incd employing the CHIM methodology over polymetallic: mincr:lliz:nion in
Rudny AH.:Ii. ( 1) Unc-onsoliJ:u,,'tJ s.and)"-clo1Y overburden. (2) VoJcanicl:l.5lic s(r:ll,']. (,:\) Pol)'·
ml.'lallic mincr:llil':llion.

ment. into which is put an electrode and electrolyte solution (HNO,,J. Ex­
traction of ions into the element receiver can be done in either cathode or
anode mode.

Currently. there are cathode extraction methods for Au, Pb, Cu. Zn. Fe. Ni.
Co. Sn and an anode extraction method for Mo.

For selective extraction of the electromobile forms of clements and corre­
lation of their quantities among clement receivers an electrochemical process
is chosen and the data normalized with regard to the time of collection and
the intensity of thc electric field used at each element receiver (Goldherg ct
al.. 1978). The special CHIM Station used with the CHIM method pro\'ides
simultaneous extraction of clements inlo 40 clement receivers which can he
placed along. a profile or distributed over a promising site. Element receivers
are eommonly spaced 20 m apart but this may vary depending on the problem
being addressed. The CHIM methodology is now being used in regional ex­
ploration for polymetallic. copper-nickel. gold. tin. molybdenum and other
typcs of mineralization.
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R.:sulls rrum th.: C111t-.1 m"thod, whicn dctected deep·seated beryllium mi·
n.:r~lil.~tion in Ildorussia, are presented in rig. 5. In this case. gently dipping
miner~li7.ed lenses. whic'h lll'.:ur within a di~base dyke ~nd metasomatized
gr.tnite. are cover,'d hy lIn"onsolidated overburden ·tnd bedrock totalling ov.:r
0I() m. Th.: ('111M method deleclcu a Be anomaly .:J'·.:r Ihc knoll'n min,'r:lli­
I.ation (drillholes ("-I ;tnd ('-~ l. At the .ame time, a second similar anomaly
lInrd;ltcd 10 :my knllll'n mincralization was ohtained, Subsequcnt drilling
(drillholes ("·3 and ("-01) re"ealed new Be mineralization beneath the second
("Ill M anomalv.

("111M resulis over a polymetallic deposit in 'Rudny Altai arc illustrated in
Fig. 6, In this section. the mineralization occurs in volcaniclastic strata at a
depth or 450 m. The area is covered by 60-80 m orsandy.clay overburden. A
("Ill ~1 Ph anomaly occurs directly over the ore zone.

("111 M r,:slliis ohwin.:d by geological organizations in the USSR confirm
the potential or the mcthod and its eITectiveness in locating deep-seated mi·
neralization huricd hen"ath unconsolidated overburden is excess or 1SO m
and h.:drock in ':"'ess or .l1111-S00 m.

From the data presented and through experience in the practical appli<:a.
tion "rthe methods dcsnih.:d.thc r"llowing conclusions can be made:

D.:ep-sealed and/or hlind mineralization hcncath overhurden (in exccss or
150 m) and bedrock (in excess or 500 m) can be tr:lced at surr:lce on the
hasis or trace dement :lnomalies when the clements arc in easily mobilc :lnd
poorly bond.:d rorms "ro,'currence such as in electromobile rorms «("HIM):
in rul\'ate-hllmale L'Ompounus (MPF): and. in second:lry rerri-m:lng:lnese
compounds (TMGM I. The dement:ll composition orthe :lnom:llies is deter·
mim'!! hy the CIlmpllsililln (,r the miner.Jliz:ltion. These new methods C:ln he
appli.:u to regional exploration ror ":lrious types or miner:lliz:llion {copper­
nickel. porphyry cnpp,'r. polymetallic, r:lre-e:lrth clement. gold. :lnd others l.

Mineralization can be located under significant thicknesses or unconsoli­
datc'u o\'crhuruen (in exl'l'SS nr 150 m) regardless orthe age and composition
or the overhurden. Tral'e elcment :momalies delecled by Ihe methods OUI·

li",'d (i.e. MPF. Tt\lGM and ("HIM) can he obtained ror mineralization he­
n<:ath \'cl")' pl'rmL'ahlc Ilverburden :lnd dense c!:ly (i.e. QU:ltemary moraines.
ri'·er alluviums. gbdolacustrine sediments). Trace clement anomalies llVer
uel'p-seated mineralization can be located under \'arious landscape-c!im:ltic
situalions such as: p.:rmarrosl. swampy and boggy, arid :lnd semi-ariu land­
scapes etc. Thc simibrities in the results obtained by these techniques (MPF.
TMGM and ('HIM) within a variety or geological and natural swings illus­
tr;l\cs the universal character orthe phenomena which give rise to the r"rma-
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tion of g~ochcmic3J Iwloe:s 31 grc<lt dist<lnce above the buried mineralized
source.
Anomali~s obtained differ in a number of characteristics: (a) they <Ire 10­

caled over the he<ld of dee:p-se:lled mineralization and have a local character:
(h) the widlh of the 3nomalies depends on the depth of occurrence of miner­
31iz3tion to a' sm<lll c,\tcnt and as a rule. docs not e~ceed the width of thc
mineralizalion hy m,]rt' Ih:1I1 J-J limcs: (c) lhe magnitude of the <lnom<llies
in wci~hl and l'lll1e:<'lllration of clements within the same geochemical13nd­
scapc is inde:pcmlcnt of th~ depth of occurrence of the miner<llization.

The: loc31 <'h:\r3Cl<:r of lhe: d~leCted :lnom:llies suggests the presencc of chan­
nclways through whidl I':\st migration and streaming of clements occurs o\'er
grcat distane:cs from de:Plh to surface. In some cases. such streams arc dc­
l~e:tcd as anomalous qLl3nliiit's of lhe mohile forms of occurrence of c1em~nts
(Antropo\,;\ ct al.. I<JXO) in the transported sediments covering the mineral­
i/.ati<ln. Th~ p<lssihility lIf d~teeting these new types of haloes by ph3se anal­
yses oncrs a Solulion III th~ problem of exploration for blind mineralization
h~neath a thick co\'~r of une:onsolidated overburden,

The MPr= and TMGM me:thods m:lY be applicable:lt all slages of regional
mineral exploralion from reconn:lissance level ( I :JOO.OOO-I ;50.000), iden­
tifying prosp~cti\'c targct are:ls. to detailed follow·up Ic\'el assessing mineral­
ization, Th~ ClIIM mClhmls is likely more applicable allhe detailed sC31e of
nploration (I: 10,000 3nd more del<liled), for classifying geophysic31 and
f,eochemical anom3Ii~s. and at the assessment stage fllr verifying the anoma­
lie:s delectcd in ord~r to loe:ate their epicentres,

Exp~ri~n<'e in applying MPF. TMGM and (HIM in various regions Oflhc
USSR shows that thcse ncw methods allow rational location of exploratilln
drillholes 35 well as a sif,nilicant reduction (up to 40%) in the numher of
hoks requir~d to assess a target. Overall. lhe geologiL'al and economic cITcc­
t;"cness or the exploration program increases. The greatest benefit has been
achi~ved in regions with unconsolidated overburden in excess of 100 m.

-~

I!
1Ii

.. )

I'
~

11

Ii
Il
I]

Ii
11
IJ
IJ
I]

Itll ill 1'0; -\1 foX1'1 11K \ III I:\" II llot III 1.... 1) \1ISE)( ",LIZ ",TillS IS 1I1E llSSK

337034

165

IJ
Ij

11
IJ
Ii
I
I.~

AC;;N()WLEJ)(;E~IENTS

The authors thank W,B. Coker for revising the manuscript for presentation
10 English-bnguage readers,

RF.FEREf"CES

Alhul. S.P. l·t ;,1.. 14f.~. Sorrl il)n,s:JlinC' mClhod of Tcgion::ll c;tplor;uion for orr: dC'rxlsit~ und..'r
~)r u\L"rhur~h ..n in .·\lm~ll~L. In ;I COlll"Clion of .3r1ich... s: LilhlXh,-miC"::I! E.\plor:uion fur On:
1),..·!'Xlsil .... B;l:-'l'll un lh\.',T II YPI,'rgcnic 1Iil10":5 :md Dispersion Sm::lms. Alm:l-A.l:l. f'lt". It~­

I ~(I.



"

I'
1,

._~ .._--_ .... ,

Ibb

_0.' __ •.._. _

LY. ANTKOI'OV", cr AL.

~

I

II
"1

1\
Ii

11
"1

I
1

Ii

i1
. !

11
Il

'1

I
11
IJ
11
11
I

II

.J.ntropo"·:L. l.. V.• I Q7~. ,""Uflll .. nfOcC'urrcncc of Eh:mcnls in Dispt:rsion H;Jloc.-s of Ore Deposits.
f't,;L"Ur..l. l.L·nin~r:J.u. ". I":·L

AntmIK1\':I. t.. \'. c.·1 al.. II'XII. KL't-inn:a1 c~plur:uinn fur uC'ep-lying l:uld "h,"[X,silS h.1M'U un 1I1c.'I:lI·
mpnk fl.lrm.. uf nn·um,"I1l"\." "f clL"ml"nls. In a c.'ulkc."linn nr:1ni~:h.·~: ~klhoos .:Inll TL"(;hniqucs
III' E~plor;111IH1.Nil. I.lh. ()NTI VITR. Lc:ning,r:u.l. pp. ~~-2·J.

Ull~tlljuhu\·.;\.N .. Vnru"llIlm. l..K :and Voro~hilo\·. LN.• 197:\. PhrsicOC'hcmic;11 h:asis of tl1,,'r­
mumat;.n,,'lic.' ~L·t",·hL·l1Iil·:.I1 IIIl'llmd :Joo :l Iirst c.·xJ'Cril:ncc.' of its :Lpplic:llion. In: (il'udll'mil':ll
I'a..i .. for I:xpluralicm Olnl! 'JrL"uil"tion of Orc Deposits. NilU),;:J.. Novosibirsk.. pp. Ib~-1711.

Dolulr..h;lOt\\ a. N.I.. II);~. SUlI·hyoroehcnlic.:l.1 methou or region;!1 explor;uion ror mincr:l.1 ue­
rusin,. Bull...·tin ()f':TI \'I~IS. NO.4.

(ic1h.lhl·r{!.. I.S. and R)·ss, Ju.S.. 19(,8. A MeLhou of Mineral E"plor'llion. AUlhor"s ec:nific.ul,' No.
1.l71~7.

tilll<lbcrg. I.S.. I\·ono'·o. A. Y.. R)·ss. Ju.5., Yeikher. A.A.. Bokhlin. Yu.G., Aleksee\". S.C;. ond
Yol.o\"lo'·, A.F.. 1978. E,plnrolion for Ore Deposils b)" Ihe CHIM Melho<l (Monuol). ONTI
VITR. LOllingra<l. 75 pp.

(iri~nrj;ln. S. V.. II)~~. ()rur.I,'niC' (kochcmic.J1 '\nonlillico5, M.• Ncur.1, pp. 207.
~l;tyofl)\'. N.r., JY7~. An c:~plnr:llion nU:Lhod for C'oppcr..nid;,cl dl,"posits b.1scd on lht:' supl'rim.

f\(ISl'U salinl' displ"r\inn hahll,'s in mor.JinC' sctJi01t:'nls in Kola Pl"ninsula. In: LilhoC'hemil·al
[.\plur:uiull fur On' Ikpu~il!l,..-\In1:J-Atil. PI". ~~7-137.

S:lfruno\'. N.l.. 1~36. Tu th,,' Dlsrx:rsion 1I.Jloe's or Minl'r.J1 Dt:'pos.iIS ilnd their Applic::uion in
[.\plOrillinn. Pruhlcm~uf Su\"il't Gculugy, Vul. b. No.4.

S;IYl"L Ju.E. :md NCS\·llh~by:l.. N.N .. 1'l74. SlUuy ur rorms of occurrence of C'lemC'nl~ in Ihl"
~ccond:l~' L1i:lopl,'rsion 11.310l,'$. t\l.. VIEt\IS. Series lIt. PI". 1-14.

Vnrnshilo\·a. L.N .• I '1S~. A melhod of tr.3cing poorly pronounCl'd lin-bcilring zonl.·s from the
~urr.3el'. In .J collection of .Jnielcs: Methods of E:\plofation Gl'oph)·siC's. Lcningr:ld. Pl'. 48­
{II.

\'~)slrolnUIO\·.(i.A. anu JU~hKO\·. Ju.N .. I~68. Thl' ;lpplic:niun or p;lr1icle-phi1sc i1ni1I)'sis mclhuJ
in lithochcmie.J1 regional c:\l'llori1tion in the II rOIls. In (hI,· eoUcel iun or.Jniclcs: Lithochc:mici11
E;\plur.:nion for Orc Dl'posilS. Alm:l-A13. pp. I:!.!-I ~~.

..... " ~"""



ABSTRACT
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In 1989, the U.S. Geological Survey (USGS) started a fonnal program to
investigate the Russian electrogeochemical method Chastichnoe lzvlechen­
nye Metallov (CHIM), which means partial extraction of metals. The method
is claimed by Russian researchers to be particularly effective in exploration

Preliminary studies of the CHIM
electrogeochemical method at the Kokomo Mine,

Russell Gulch, Colorado

The CHIM electrogeochemical exploration technique was developed in the former Soviet Union
about 20 years ago and is claimed to be effective in exploration for concealed mineral deposits that
are not detectable by other geochemical or geophysical techniques. The method involves providing a
high-voltage direct current to an anode and an array of special collector cathodes. Cations mobile in
the electric field are collected at the cathodes and their concentrations determined. The U.S. Geolog­
ical Survey started a study of the CHIM method by conducting tests over a precious- and base-metal­
bearing quartz vein covered with 3 m of colluvial soil and weathered bedrock near the Kokomo Mine,
Colorado.

The tests show that the CHIM method gives better definition of the vein than conventional soil
geochemistry based on a total-dissolution technique. The CHIM technique gives reproducible gee-,
chemical anomaly patterns, but the absolute concentrations depend on local site variability as well as
temporal variations. Weak partial dissolutions of soils at the Kokomo Mine by an enzyme leach, a
dilute acetic acid leach, and a dilute hydrochloric acid leach show results comparable to those from
the CHIM method. This supports the idea that the CHIM technique is essentially a weak in-situ par­
tial extraction involving only ions able to move in a weak electric field.

Smith, D.B., Hoover, D.B. and Sanzolone, R.F., 1993. Preliminary studies of the CHIM electrogeo­
chemical method at the Kokomo Mine, Russell Gulch, Colorado. J. Geochem. Explor., 46: 257­
278.

Journal o/Geochemical Exploralion, 46 (1993) 257-278
Elsevier Science Publishers B:V., Amsterdam
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for concealed mineral deposits that are not detectable by other geochemical
or geophysical techniques. CHIM was developed by 1.5. Gol'dberg and Yu.S.
Ryss, principal investigators, and others at the National Institute for Explo­
ration Technology in Leningrad about 20 years ago. Russian literature states
that the method has been applied to exploration for base and precious metals
and for deposits ofNi, Co, Mo, W, U, Sn, REE, Be, and oil and gas.

The method has received only minimal attention in the English-language
literature. Shmakin (1985) and Antropova et al. (1992) gave a brief over­
view of the development and application of the CHIM technique in the for­
mer Soviet Union; Talapatra et al. (1986) discussed results of tests per­
formed by the Geological Survey of India; and Xu et al. (1989) summarized
the use of "electrogeochemical extraction" in gold exploration in China. The
USGS has recently made available translations of several papers from the
Russian literature on the application of the CHIM technique (Bloomstein,
1990) .

The technique uses a DC electrical current introduced into the earth to draw
mobile cations into specially designed cathodes. Ions collected in this manner
constitute a geochemical sample of mobile ions extracted from soil in the vi­
cinity of the electrode. The technique may be thought of as an in-situ partial
chemical extraction.

Search for a local site where initial testing of the method and equipment
could be made began in late 1989. Attention was focussed on the Central City
and Idaho Springs mining districts, Colorado, where base metals accompany
gold and silver in pyritic quartz veins. Base metals are associated primarily
with the distal parts of the system, which contain pyrite, sphalerite, galena,
chalcopyrite, and tennanite. The Frontenac-Aduddell-Druid-Kokomo vein
system is well known in the area and contains base metals along the entire
system. An area adjacent to the Kokomo Mine was selected for CHIM tests,
and samples for geochemical analysis were taken from dumps on the property.

The purposes of the study were to test and develop equipment and proce­
dures at a test site near Denver and to evaluate the CHIM method at a known
site where transported overburden conceals a mineralized vein. The Russian
literature available to us provided very little hard data in regard to compari­
sons of CHIM results with standard soil geochemical methods, the repeata­
bility of CHIM surveys, and the spacial wavelength of anomalies with respect
to thickness of overburden. Objectives of our CHIM surveys were to address
aspects not adequately covered in the Russian literature that are essential for
evaluation of the usefulness of the method.

CHIM testing started on May 22, 1990, and 11 separate tests were per­
formed during the year. Testing ended November 19, 1990, when snow pre­
vented further access. This paper discusses results of those tests.
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PRELIMINARY STUDIES OF CHIM METHOD AT KOKOMO MINE, RU~ELLGULCH. CO

Fig. I. Schematic drawing of the USGS 150 ml CHIM electrode. The central tube. cap. and
bollom are made of standard PVC pipe and fillings available at most plumbing supply stores.
Screws are made of acid-resistant plastic.

The CHIM technique can best be described as an electrogeochemical sam­
pling method. It uses a DC electrical current to move mobile cations into
special fluid-filled cathodes placed on the earth's surface. The cation-collector
electrodes were designed and developed by the USGS. They are relatively
easy to use and clean, hold liquid well, and have a transparent body so that
field crews can monitor for leaks or other problems. The cation collectors
used for the tests at the Kokomo Mine have an inside diameter of 1.625 inches
(4.128 cm) and an operational capacity of 150 ml (Fig. 1).

Electrical contact to the ground is made through a disk of artificial parch­
ment (type 1470) manufactured by the James River Paper Co., Parchment,

THE CHIM TECHNIQUE-1.:
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• Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government

Michigan *. The parchment disks are cut to fit the lower cap and held in place
by an O-ring seal (Fig. I). In the absence of seal leaks, the electrode will lose
about 5-10 ml of electrolyte through the parchment in 24 hours. A 99.6%
pure titanium rod, 5 mm in diameter and 20 cm long, is used as the inner
working cathode. The electrolyte used as the cation-collecting medium was
4N reagent-grade nitric acid.

The electrical current, generally ranging from O. I to 0.5 A, is conducted
through the electrode for time intervals of several hours to several days. At
the end of this time, the electrolyte and inner electrodes are collected and
analyzed for elements of interest. An important aspect of the CHIM method
is that it samples only ions mobile in an electric field as opposed to the total
quantity of a particular element in the soil near an electrode. Where the mo­
bile ions are related to a geochemical halo developed in cover above a deposit,
CHIM samples may provide better definition of the concealed deposit than
standard geochemical methods.

The equipment used in studies at the Kokomo Mine is generally similar to
the Russian in electrical capacity, with the addition ofa multichannel, record­
ing, ampere-hour meter. The USGS system has a capacity of 31 channels, 15
kW, 1000 V, and 43 A. The principal components of the system are (I) power
source, (2) ampere-hour recorder, (3) current control rheostats, (4) current
distribution cables, and (5) cation-collector electrodes (Fig. 2). The power
source is a 15 kW diesel motor generator providing AC power to a Zonge
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Fig. 2. Simplified block-diagram of the USGS CHIM system.
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GGT-25 transmitter. DC power from the GGT-25 transmitter goes to indi­
vidual anode and cathode ampere-hour sensor units where the power is split
into 31 channels. Each of the 62 individual channels may be monitored for
current, and the ampere-hours delivered to each channel are recorded. From
the ampere-hour recorder, current goes to banks of rheostats that control cur­
rent to each cation collector, and from the rheostat banks to multiconductor
distribution cables. Take outs on the distribution cables then deliver current
to individual electrodes. For studies at the Kokomo Mine, only cation collec­
tors were used. The positive current conductor was directly connected to 3 or
4 graphite bars buried in the ground, salted, and watered. These were placed
about 100 m from the cathode array.

GEOLOGIC SETTING

The test site at the Kokomo Mine is in the Central City Mining District,
within the central part of the Front Range mineral belt (Tweto and Sims,
1963). Principal rock types in the district consist of folded Precambrian me­
tasedimentary and metavolcanic units. Tertiary felsic intrusives, preore in age,
cut the Precambrian metamorphic rocks as irregular dikes and small plutons.
Post-intrusive faulting provided the principal paths for the mineralizing
solutions.

Fronlenac-Aduddell-Druid-Kokomo vein system

The Frontenac, Aduddell, Druid, and Kokomo Mines were developed along
a single vein system that can be traced for more than 1.5 km (Fig. 3). The
average strike of the veins is N500E and dips range from 50° to 80° to the
northwest. The Frontenac, Aduddell, and Druid mines worked two to three
prominent sub-parallel veins in the system, whereas only a single vein was
worked at the Kokomo Mine. The thickness of individual veins was variable
but generally ranged from 1 to 2 m.

Mineralization in the veins includes an early pyrite stage followed by a gal­
ena-sphalerite stage. Some parts of the veins are principally of the pyrite type,
whereas other parts are mixtures of the two types. Bastin and Hill (1917) give
assays of ore for the various mines on the vein system. At the Kokomo Mine
average grades were: Au-O.32 to 1.25 oz/ton, Ag-12.85 to 29 oz/ton, Cu­
4 to 7%, and Pb-7 to 11 %. Samples collected from the dump at the mine
during this study contained as much as 2.6 ppm Au, 360 ppm Ag, > 970 ppm
Cu, > 1.8% Pb, and> 1,100 ppm Zn. The water table is generally 15-45 m
below the surface in this area (Lovering and Goddard, 1950).



Fig. 3. Location of the CHIM test line on the Frontenac-Aduddell-Druid-Kokomo vein sys­
tem, and mineral zonation within the Central City mining district (after Tooker, 1963).

The initial CHIM test line was selected normal to the vein system and 46
m northeast of the Kokomo Mine shaft. The line was positioned to avoid
disturbed ground from prior mining activities. The zero position (site 00)
was placed approximately on the northeast extension of the vein system that
had been mined near the turn of the century. Sample sites along the line are
located as distance, in meters, N or S of site 00. The line, on the wooded slope
of Banta Hill, has a fairly uniform 16 0 slope to the north. Two roads cross the
line at ION and BON. Transported material at these two positions is believed
to represent the greatest source of contamination along the line.

In mid-May, 1990, a test line of 150 m was surveyed, and stakes were placed
at 10-m intervals along the line. Self potential, gamma-ray, and electromag­
netic surveys were run along the line, and soil samples were taken at each lO­
m site. For testing of the narrow vein system at the Kokomo Mine, the full
CHIM electrode array was not used. Test runs were made with only 12 cation
collectors to shorten set-up and sampling time.
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Upon completion of the CHIM tests, a backhoe was used to excavate a 10­
m-long trench parallel to the test line and centered about 5 m southwest of
site 00. The approximately 1-m-wide vein was encountered at a depth of about .
3 m and was, as projected, below site 00. Soil material encountered above a
depth of 180 cm was dominantly colluvium that appeared to have been trans­
ported several meters. Between 180 and 270 cm the soil consisted of frag­
ments ofweathered parent material (biotite schist) that had been only locally
transported. Weathered bedrock was encountered at 270 cm. Composite sam­
ples were collected from each soil horizon in the trench.

Electrode site preparation

Shovels were used to remove soil and prepare holes at each site for place­
ment of the cation collectors. Holes were about 30 cm in diameter and 10-25
cm in depth. A soil sample was collected below the organic-rich surface layer
in each hole. When soil-moisture conditions permitted, a small portion of the
material near the bottom of the hole was sieved to - 2 mm to remove coarse
fragments which could puncture the parchment of the collector. The sieved
material was returned to the hole and spread to create an even surface. About
150 ml of deionized water was added to the sieved material to improve elec­
trical contact and to produce a "soil paste" on which the cation collector was
placed. After gently pressing the collector into the soil at the bottom of the
hole to ensure good contact, the collector was filled with 150 ml of 4N nitric
acid. Electrical connection to the generator was then completed.

Nitric acid was chosen as the electrolyte for two reasons. First, the electro­
lyte had to be an acid because of the reduction that takes place at the cathode.
This results in the liberation of hydrogen gas, a resulting surplus of hydroxyl
ions, and an increase in pH with increasing ampere-hours. Eventually, insol­
uble metal hydroxides precipitate as the solution becomes alkaline. These coat
and insulate the titanium rod causing the current to decrease drastically and
the temperature of the solution to increase. A concentration of 4N ensured
that the pH remained low even with runs of several hours at high (0.5 A)
currents. Secondly, most cations form soluble nitrates, so precipitation of in­
soluble metal salts is not a concern.

CHIM procedures

Voltage, current, and ampere-hours were monitored on a periodic basis
throughout each test. In the early stages frequent monitoring and adjustment
of the current via the rheostat bank was required as the temperature of the
soil increased around the cation collectors. Problems such as poor electrical
contact with the soil, nitric acid leakage, or bad electrical connections were
usually manifested at the beginning of the experiment. Once current had sta-



SAMPLE PREPARATION METHODS

ANALYTICAL METHODS

Soils

Two types of analyses wer.e performed on soil samples collected in this study.
The first type involved a vigorous digestion procedure designed to dissolve
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bilized, electrical parameters were monitored less frequently. Data such as
times of current shut-off and start-up for temporal sampling, significant loss
of acid, replacement of acid, and observations of potential contamination of
sample sites or cation collectors were r(:corded.

All of the CHIM experiments discussed in this report were conducted with
as much consistency as possible. Current to each cation collector was approx­
imately 0.5 A and the run time was about eight hours unless otherwise noted.

At the end of the experiment, or during the experiment if its purpose was
to determine rates of accumulation of cations, samples of the acid were ob­
tained from each cation collector. The cover of the collector was removed and
a pipette with disposable tip was inserted into the acid to collect 10-ml sam­
ples for temporal studies. 'Ten ml of 4N nitric acid was then added to the
collector to maintain volume and assure an acidic environment throughout
the run. Samples at the end of a CHIM run were 60 m!. All samples were
collected after the current had been off for approximately 5 minutes to ensure
equilibrium between the acid and the titanium inner electrode. Electrolyte
samples were stored in capped polypropylene tubes or nalgene bottles prior
to analysis. The titanium inner electrodes were left in the cation-collector cap
and returned to the laboratory for further processing.

Soil samples were prepared in the laboratory by sieving to two size frac­
tions: 20-80 mesh (850-180 .um), and <80 mesh « 180 .urn). Samples of
soil horizons collected from the trench were sieved to five size fractions: 30­
80 mesh (550-180.um), 80-150 mesh (180-106 .urn), 150-200 mesh (l06­
75 .urn), < 200 mesh ( < 75 .urn), and < 80 mesh ( < 180 .urn ). Little variation
in concentration of elements of interest was observed between the two size
fractions for the soils or among the five fractions for the soil horizons. There­
fore, we only show results for the < 80-mesh « 180 .um) fraction in this
report.

Titanium rods from the cation collectors were leached in boiling aqua regia.
The rods were removed from the cation-collector caps and placed in dispos­
able borosilicate tubes. Three ml of concentrated hydrochloric acid and I ml
of concentrated nitric acid were added to the tubes and brought to a boil for
0.5 hr. The tubes were cooled and the rods removed and rinsed into the tubes
with deionized water to bring the volume to 10m!.
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TABLE 1

Summary of elements detennined, analytical methods, and lower limits of detection (LLOD) for the
different sample media analyzed in the CHIM tests at the Kokomo Mine

• Inductively coupled plasma mass spectrometry.
•• Atomic absorption.
-.. Inductively coupled plasma optical emission spectrometry.

LLOD Detection
(,/lg/g) technique

0.13 ICP-MS'
0.05 ICP-MS
0.13 ICP-MS
0.001 ICP-MS

2.0 AA"
10.0 AA

1.0 AA
0.2 A>,.
0.05 AA

0.001 ICP·MS

0.001 ICp·MS
0.02 AA
0.1 AA
0.01 AA
0.02 A.A.

0.08 ICP-OES'"
0.04 ICP·OES
0.02 lCP-OES
0.1 lCP-OES
0.07 ICP-OES
0.003 ICP-OES
0.1 ICP·OES
0.1 ICP·OES

Au

Au
Cu
Pb
Zn
Ag

AI
Ca
Fe
K
Mg
Mn
Na
Si

Element

Cu
Pb
Zn
Ag
Au

Cu
Pb
Zn
Ag

Electrolyte (HNO,)

"Total" digestion

Matrix

Soils
Partial extractions

Electrode leach
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many, if not all, of the mineralogical phases within the sample. The second
type involved much weaker, partial-dissolution techniques designed to liber­
ate only those metals that are weakly bound to soil constituents. These latter
techniques are selective extractions that dissolve specific components of the
weathering products in the soil. Chao (1984) presents a thorough discussion
of partial-dissolution techniques and their application to geochemical
exploration.

Partial-dissolution techniques were applied to soil samples from the CHIM
test line to (1) determine if the buried vein could be detected at the surface
by an anomaly related to the readily available metals and (2) elucidate the
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process/mechanism of the CHIM technique by comparing patterns generated
by various modes of occurrence of the metals in the soil to those generated by
the CHIM technique. Three mild extractants were used to dissolve metals
having varying degrees of availability. The extractants, in increasing ability
to dissolve metals, were (I ) an enzyme solution (Clark et al., 1990), (2) a
2.5% acetic acid solution (Mclaren and Crawford, 1973), and (3) a O.IN
hydrochloric acid solution (Sarenson et al., 1971 ). Separate splits ofsoil sam­
ple were used for each extraction. The enzyme dissolution liberated metals of
interest at concentration levels about an order of magnitude lower than those
dissolved by the other two partial-dissolution techniques which liberated I to
30% of the total metal contained in the soil samples.

Soils subjected to a total digestion were analyzed for Cu, Pb, Zn, Ag, and
Au (Table I ). The digestion procedure for Au was a hydrobromic acid-bro­
mine leach followed by solvent extraction (O'Leary and Meier, 1990). The
procedure for Ag, Cu, Pb, and Zn involved a modification of a total digestion
such that the final uptake is in nitric acid (Sanzolone and Chao, 1976).

Soils subjected to partial dissolution were analyzed for Cu, Pb, Zn, and Ag
(Table 1). Both the 2.5% acetic acid and the O.IN hydrochloric acid partial­
dissolution techniques used a sample-to-extractant ratio of 1 g to 25 ml. The
acetic acid dissolution was equilibrated for two hours on a shaker, whereas
the hydrochloric acid dissolution equilibration was for one hour, both at am­
bient temperature. The enzyme dissolution used a sample-to-extractant ratio
of 1 g to 15 ml and a reaction time of one hour.
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Cation collector

The nitric acid solution and the titanium rod leach solution were analyzed
directly with no additional treatment (Table 1). Early results with the CHIM
technique indicated that Ag, Cu, Pb, and Zn partition strongly to the nitric
acid solution very quickly after the current is stopped. We observed Cu plat­
ing on some of the titanium rods while the current was on. This plating dis­
solved within several seconds after the current was turned off. Results for
these elements for the CHIM method are reported as total micrograms in 150
ml ofnitric acid solution. The relati veJy small amounts of these elements found
on the rods are not included in this total.

The nitric acid solutions were analyzed for the major soil constituents AI,
Ca, Fe, K, Mg, Mn, Na, and Si (Table 1) by inductively coupled plasma atomic
emission spectrometry (Church, 1981) to evaluate total element collection
versus time.

Inductively coupled plasma mass spectrometry (ICP-MS) was used to ana­
lyze for Au in both the nitric acid solutions and the titanium rod leach. This
method was also used to analyze for Cu, Pb, Zn, and Ag in the partial disso­
lutions of soil samples (Table I). More fluctuation than usual was noted in
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the lower limit of detection due to the variable and complex nature of the
solution matrix, the high sensitivity sought, and the variability of the blanks.
An internal standard of In and Lu was used to moderate some of the matrix
effects contributing to the variations.

We were not able to consistently detect Au with the CHIM procedure even
though Au was detected in soils at 7 of the 12 sample sites along the CHIM
line at concentrations ranging from 0.05 to 0.3 ppm. In the few instances Au
was detected in the CHIM experiments, it was found in the titanium rod leach
solution. This could be due to Au plating onto the rod as nitric-acid-insoluble
native metal. Another possible explanation is that Au is 15 times more con­
centrated in the 10 ml of rod leach solution than in the 150 ml of nitric acid
solution. Because of the very sporadic nature of our Au results for the CHIM
technique, the only Au values reported are those for soil samples.

RESULTS

Gamma-ray and self-potential surveys

The gamma-ray data show a broad peak in K and Th centered over the
buried vein; values abruptly decreast: about 35 m north of the vein. This de­
crease suggests a change in lithology at that point.

Ifpresent, the expression of the vein in the self-potential survey is less than
5 mY, extending 60 m either side of the vein.

Comparison ofCHIM results with soil geochemistry

Figures 4a-d show a comparison of Cu, Pb, Zn, and Ag patterns produced
by the CHIM method on May 23 to patterns produced by the total dissolution
of soils taken from the CHIM sample sites. Patterns for Cu (Fig. 4a) and Zn
(Fig. 4c) from the CHIM test exhibit very strong, narrow anomalies over the
vein at site 00. Patterns for eu and Zn in soils show very weak, broad anom­
alies over the vein. Patterns for Ag (Fig. 4d) show anomalies with roughly
similar contrast over the vein for both CHIM and soils with the CHIM anom­
aly being somewhat broader than the soil anomaly. Patterns for Pb (Fig. 4b)
show no clear expression of the vein for either CHIM or soils, possibly be­
cause of the ubiquitous nature of Pb in the area. CHIM results for Pb were
not reproducible in subsequent runs and therefore will not be addressed fur­
ther in this report. Anomalous concentrations of all four elements were ob­
served in soil samples from site 40N and have been observed in some of the
CHIM experiments. This may indicate the presence of a second vein at this
site.
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Fig. 4. Comparison of CHIM results (S-hr run) with soil geochemistry using total digestion of
-SO-mesh sample. (a) Cu; (b) Pb; (c) Zn; (d) Ag.
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One of the major concerns addressed in the CHIM experiments was that of
reproducibility. We wanted to determine how results changed when different
sample sites were used and how they varied over the entire summer when the
same sites were used multiple times.

Variation with time
A comparison of CHIM runs at different dates throughout the summer

shows that the vein was delineated on each run but with varying contrast (Fig.
6a,b). The contrast was lowest for both Cu and Zn on June 22. This variation
in contrast seems to correlate with soil moisture. On May 23, snow melt made
the soil very damp, By June 22, the soil had dried. On July 13, recent heavy
afternoon thunderstorms had made the soil at least as wet as on May 23. More
pathfinder ions are collected from wet soil than from dry soil. Similar obser­
vations have been noted in the Russian literature (Veikher et aI., 1990).

Variation due to sample site
A second CHIM line parallel to the first and offset by I m tested the local

variability of CHIM results. Sites were prepared along line 2 at exactly the
same spacings and in exactly the same manner as on the original line. A CHIM
run was conducted on line 2 on May 24 with the same electric current and
time parameters used along line I on May 23.

A comparison of results for these two runs shows a well-defined anomaly
for Cu (Fig. 5) above the vein on both. However, the total amount of metal
collected from anomalous sites on line 2 is significantly less than for equiva­
lent sites along line I. Similar results were found for Zn and Ag.
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Temporal studies

Spatial wavelength ofCHIM anomaly

Fig. 5. Comparison ofCHIM results for Cu along test line 1 with test line 2. Line 2 is parallel to
line I and offset by I m from line 1.
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Gol'dberg et al. (1990) state that curves showing ion concentration versus
time for specific ions collected in CHIM runs may be linear (constant rate of
accumulation), concave upward (increasing rate of accumulation), or con­
cave downward (decreasing rate of accumulation). They recommend that
orientation tests be conducted in each region to determine the general shape
of the concentration-time curve, and that generally the first linear segment
should be chosen for routine operations.

A temporal study at the Kokomo Mine test site was conducted with sam­
ples taken from each cation collector after 4, 8, 14, 19,23, and 25 hours. The
results for Zn (Fig. 8) are similar to those for Cu and Ag. For each sample
time a similar pattern is seen with an anomaly delineating the vein system at
position 00. The 25-hr sampling has an anomaly:background ratio of approx­
imately 12.7 (anomaly = 14,000 ,urn; background = 1,100 ,ug; whereas, the 4­
hr sampling has a ratio of about 6.2 (anomaly=2,500 ,ug; background =400
,ug). Thus, the 25-hr sampling only improves the contrast over the 4-hr sam-

A CHIM run with cation collectors spaced 2 m apart and centered over the
vein at site 00 provided a more precise measurement of the wavelength of the
CHIM anomaly on line 1. The anomaly is only 2-3 m wide (Fig. 7), compa­
rable to the width of the vein itself. There is no obvious displacement of the
CHIM anomaly downslope to the north.
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Fig. 6. Comparison ofCHIM tests conducted on three different dates about I month apart. (a)
Cu; (b) Zn.

pIing by about a factor of 2. This implies that the run time only needs to be
long enough for cations to accumulate in quantities enough above the lower
limit of detection to offer good precision.

Less obvious in Fig. 8 is that Zn is collected at a rate which decreases with
time. This is more clearly seen in Fig. 9 which shows the accumulation of Zn
at positions 60S, 40S, and 20N as a function oftime. Such behavior is typical
for accumulation-time curves that we have observed at the Kokomo Mine
test site. Less common are linear relationships through the origin. We have
not observed curves that are concave upward.

Analyses for Na, K, Ca, AI, Si, Fe, Mg, and Mn showed a similar decrease
in cation collection rate. We made calculations to determine the percentage
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Fig. 8. Total Zn accumulation as a function of time and position along CHIM line 1. The bars
at each sample site represent Zn concentration at the following sampling times: 4, 8,14, 19,23,
and 25 hours.

of charge transfer due to the current that could be attributed to the analyzed
ions, assuming the cations, on entering the electrode, had the following va­
lences' Na+ K+ Ca2+ A1 3 + Si4 + Fe3+ Mg2 + Mn4 + Cu2-+- Zn2+ Pb2 +." , " , , , , , ,
Ag+. The results showed that it required only 0.1 % of the expended ampere­
hours to account for these major and' minor cations. It thus appears that the
CHIM process is a very inefficient collector of cations.

The general decrease in the rate ofcation accumulation implies a depletion

60S 40S 20S 00 20N 40N
SAMPLE SlTEfTlME

1-- ZINC ~ SILVER

Fig. 7. CHIM results for a run with cation collector spacing at 2 m. The increase in both Zn and
Ag at site ION is probably due to contamination along a four-wheel-drive road at this site.
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Comparison ojCHIM results with partial dissolution ojsoils

Fig. 9. Plot showing accumulation of Zn as a function of time at positions 405, 60S, and 20N
on CHIM line 1.
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Application of partial dissolution techniques to soil samples from the Ko­
komo Mine produces anomaly patterns that are comparable to those gener­
ated by the CHIM method (Figs. lOa-c). The anomalies show much higher
contrast and define the vein much better than the total digestion procedure
(Fig. 4a, c, and d). The enzyme, acetic acid, and hydrochloric acid dissolu­
tions all generated strong anomalies in eu and Zn that delineated the vein at
site 00. The enzyme and hydrochloric acid dissolution also produced anom­
alies in Ag over the vein, but Ag was not detected in any of the acetic acid
dissolutions. None of the partial-dissolution techniques give patterns for Pb
that define the vein. Enzyme and hydrochloric acid patterns for Pb are similar
to that shown by the total digestion but give much greater contrast. CHIM
anomaly patterns for Pb are not consistent from run to run, and comparison
to patterns from the partial dissolutions is difficult.

The good agreement between the partial-dissolution patterns and those
produced by the CHIM technique supports the argument that the CHIM

z 3000 \
N 25OO+-------------:~"'----I
Cf)

~

~
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o
a:
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~
...J

~o
~

1-- 60 SOUTH - 40 SOUTH -- 20 NOR1H I

of cations, at least the mobile ones, in the vicinity of the collection electrode.
However, the resistance in the earth circuit decreases during operation, with
the greatest change occurring over the first few hours. This requires that the
total quantity of mobile ions in the current path increases, or that net ion
mobility increases. Although we have no definitive explanation for the de­
crease in the rate of cation accumulation, we suspect that it may be related to
ionic processes within the vadose zone.
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Fig. 10. Plots showing results of panial dissolution of - SO-mesh soil samples (+ ) compared
with CHIM results from May 23 (D). (a) Cu in CHIM and enzyme extraction; (b) Zn in
CHIM and acetic acid extraction; (c) Ag in CHIM and O.IN hydrochloric acid extraction.
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CONCLUSIONS AND REMARKS

Soil horizons

Composite sampling of soil horizons along the 3-m vertical profile exposed
in the trench dug near site 00 shows that Ag, Au, Cu, and Pb all reach maxi­
mum concentrations immediately above the vein (Fig, II). Zinc has maxi­
mum concentration in the horizon that extends from 190 to 240 cm below
the surface.
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Fig. 11. Geochemistry of soil profile above the vein at site 00 on CHIM line 1.

A series of tests of the Russian CHIM method were conducted over a pre­
cious- and base-metal-bearing quartz vein with 3 m of colluvial cover near the
Kokomo Mine in the Central City mining district, Colorado. These tests show
that the CHIM method can better define this narrow vein than conventional
soil geochemistry based on total-dissolution technique. However, weak par­
tial extractions of soils produced results comparable to those generated by the
CHIM method. This result seems to confirm that the CHIM technique, in
effect, produces a weak in-situ partial extraction involving only ions able to
move in a weak electric field. Our research has not yet progressed far enough
to determine under what conditions the CHIM method may be superior to

method collects and concentrates available cations from the soil in the vicin- .
ity of the cation collector. At the Kokomo Mine test site, the partial-dissolu­
tion techniques generate much more definitive anomalies than the total diges­
tions while offering operational and practical advantages over the more costly
and time-consuming CHIM technique.

PRELIMINARY STUDIES OF CHIM METHOD AT KOKOMO MINE, RUSSELL GULCH. CO

0
A'
A2

50
A3

E 100 82C..l

:I:
~150

IIC'. Co.
w
°200

1IC2

250
IIC3

300

i
I',

I
I',
Ii
~

I
I
I
--,

Ii

I'
I]

··l

•I)
.

Ii
I
Ii

iJ
f
I
il
I
I
II



0.8. SMITH ET AL276 33705J
partial-dissolution techniques, or vice versa. The CHIM method may effec­
tively sample a larger volume of soil than the few grams generally used for
partial dissolutions and, as a result, may have advantages in certain environ­
ments or for certain elements.

Our tests have also shown that CHIM anomaly patterns are reproducible
from run to run, but that absolute values at individual sites cannot be re­
peated. Because of this, it would be difficult to group data from runs made at
different time periods. Variation in moisture content within the vadose zone,
where collection occurs, appears to be one of the primary causes for these
differences. This may obviate the application of CHIM to regional geochem­
ical exploration.

Although our experience is' limited, results support Russian investigations
that show CHIM anomalies are narrow with respect to depth to source. At the
Kokomo Mine, data generated from cation collectors at 2-m spacing show the
anomaly is approximately the width of the vein (1-2 m), and in spite of the
16 0 slope, there does not appear to be any significant down-slope dispersion.
Should this result be the norm, then mechanisms for charged ion migration
within the earth need to be examined more thoroughly.

Many unsolved problems remain not only in the utilization of the CHIM
method as an exploration tool, but also in the basic understanding of the
physicochemical processes involved. The major issues, as we see them, in­
clude the following:

1. Anion collection. Pathfinder elements such as Au, As, and Sb may be
present as anionic species in the near-surface environment (Stumm and Mor­
gan, 1981; Mann, 1984; Webster, 1986). Russian literature translated in
Bloomstein( 1990) mentions briefly the importance of collecting and analyz­
ing anions but does not give any data or case histories.

2. Ion mobility in the vadose zone. The mechanism of ion mobility in an
electric field in dilute solution is well understood. However, in the vadose
zone, where most CHIM collection occurs, and in the presence of clays and
organic matter that adsorb ions, the process of ion mobility is not well under­
stood. If relati ve mobilities in the unsaturated soil are significantly different
than observed in dilute solution, selective collection could require alteration
of conventional interpretation of CHIM data.

3. Processes at the soil-electrode interface. Elements present as either pos­
itive or negative complexes present problems for the CHIM technique. Such
complexes are not stable over a wide range of pH. At the electrode-soil inter­
face, these complexes may be destablized and thus prevented from entering
the low-pH electrolyte.

4. Analytical methods. The nitric acid solution from a CHIM cation collec­
tor poses analytical problems because the sample contains very low concen­
trations of some important pathfinder cations such as Au in a matrix contain­
ing high concentrations of major cations such as Ca, Mg, Na, Fe, etc. As part
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of our CHIM research, reference samples of the nitric acid solution from the
CHIM runs have been prepared for interlaboratory comparisons.

S. CHIM vs. partial extractions. In the study at the Kokomo Mine, certain
partial-dissolution techniques gave results at least as good as the more time­
consuming and expensive CHIM method. More comparisons need to be made
for various types of mineral deposits in a variety of geologic settings to deter­
mine if results from the CHIM method can be duplicated with partial-disso­
lution techniques.
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inl~r1:JycrC'd in collofurm aggregates
cndosing lht: sph:JlcrilC .sph~ru"':.'i or ~
scpar~lc cry:iLnI :lggn.:g:JlC:s. ~lincr:J.li­

l.:Juun look place :,U h.::mpcr:uurcs of
1lXJ" to 2WC. Sph~lori,e ""linllies

.ro.-..cu on icc mdling tCnlpc.:r:J.tW'CS range
from 10 wL % ;'\jaCl C4uiv. nQI th~

[coder Struclures to 7 - 8.5 w' % N~CI

equlv. on lhoed~esoftho sulfide sh~olS.

The dccn..:a...;jng: salimucs In Iluids~O ..

337059
ciJled with the sph~lerile su~sc"" lha'
~,Ie~, 2 Ouids. prohobly °hydroLber­
mal solution;lI1U Carboniferous SQ,W;J­

LCr or lr.Ippcd di~gcnelic lluids. mixed
wiLtlln lhe system.

Hoover, D.B., R.W. Lein71 R.F. San7.alone. and D.B. Smith
(e. S. Geological Survey, Dem'er, CO. 80225) J.A. Coope

(Denver, CO). O.P. Lavin and :\1.:\. :\abighian
(:\ewmont Exploration, Dem'er, CO)

The CHIM Electrogeochemical Sampling
Method - Understanding the Basics,
Problems, and Applications

Integrated Methods in Exploration and Discovery

Tht:SC ~slimatr.::d:i:::lmpk \'111 um~s arc
prob.:lbly oplimistic beC:::Iusc. in Pr.1C-

IIode. i.c.. the tOL:l1 Jmpere-hours de·
livered. The CHI:-'l method. in effect.
conStitULCS ;l very we:lk In-SilU partial
c::urat:tion.

An imp()nJlll OSpeCl or the CHI:-'l
method is the volume of e:lrth \.hal eJn
be s.Jmplcd. Russi:::n in·..csti£,Jtors note
1""0 IYpeS of CHI:-.t extraClions: 1i the
~Io CHI:vt method where ions Jre
extnClcd from a local geochemic:ll halo:
:lJ1d 2) the dirocl CHr:V1 method where
ions ore SOld 10 be drawn llirecLly from
the deposi' at deplh. It is nOl bdiev'e
thal i' is pro"icolly possible 10 collecl
ions [rom much more lh:m:l m..::tcr [rom
In electrode. Sample mlume does n()l
oppear lO hO"e been addressed llir,--::L1y
b~' Russian in\'cstig:::tors. Appro:tjm:Jl~

mC:Jsurcs m:Jy be.: 0ht.Jin~d by c:1h:ubl­
ing tht: numlxr uf L:h..::mH.'::.l1 t:4UI\·~k.nL'

ot" ions present in tht: soil mOISlur~ In

the vicinity or the cicco-ode. Ide:llly.
this is°volume comoimng a numt--cr or
equi"alcnt,; equ~llo the ch~rge lrJJ\Sfer
i.' FaI"J.dJy units. AlLcmJlh'~ly.:l geo­
physicJI Jpproach m~y be used. and the
Lr:LnSIt time [or :::n ion to mo'''C to thc
electrode under on opplied elcctnc field
ma~' be calcul~led 10 give a sJrnple
volume. For a homogeneous =ple
medium. and single ion type. the somple
volume is given by the producl or the
ion mobililY. the sample medium resis·
tivi,y. and the electric c~rge eXl"'ndcd.
Under either Jpproach sample volumes
arc lypic:llly less than I m'. This con·
elusion. reoched through the imeg~·

tions or geophysical ond geochemleol
e.,penisc. rocused auenlJon on the n~·

lurc Jnd origin of the meL11 Sl"'cies 10

the soil being colle::led by the CHI:V1
method and on ollemali"e methods of
identification J1ld m=uremenl or thc.:;c
species.

The sampi ins elcctrodes ore m~de

from an incn p1:Jstic I,;'ylim.lcr lilted on
the bOllom ""ilh a synthetic p",chmenl
m..::mbr:.IOl.: lhrough which ..::lcclricJI
cnnneCllOn In the eonh is m~de. The
calion colle"ors ore filled wilh reogent
g~de~cidelectrolyle.eommonly~Ito
~ norm~1 Solulinn of nilIic acid. A
chemic~II~' pure g~phile or titanium
inner electrode is insened imo the ~eid

~nd used '0 m~keconnection 10°sOurce
or electricol power. Arler ~ run is
compleled. lhe acid is removed rrom
the cOlion colieclOrs Jnd Jnalyzed ror
clcmcnb o( im~rcsL

Ideally. during ope~tion cations in
thl.:: soi I mOI.slUr~ mOve und~r the force
impo,ed b~' the ~pplied electric field.
through the porchmenl. ~nd into the
• ilrlc ~cid. From FJ~doy's Law. the
lIu~nllty of ions mo\;cd into:l :wmpling
cl~l.:trou~ Will ex:: pr()poniun:ll to the
L:h:Jr,£c tr;msfcr OI,:::urnng Jl the.: cicco

ods from ;everal hours lO doys. Typieal
elceo-ode spacing is :0 m. with elce·
Lrodl.:s arr.:lnged in :l Iin~r or recL::mgu·
lor ~rroy·. In normo' opcr~lion. the
sa.mpling l.:lccl[exk" Jt~ ~~lho(ks (nc;g:J.­
tively l.:h:Jrg~d, ;lnt! thus colk~t c::llions
from lh~ .'oil moisturc in th~ vil.:init;.' o(
thc dl:l.:trod~"i. Th~ :;um:Olls normJlly
rClurn..::d through J smgle gr:::phllc or
stcc:1 ~nOlk \\..:11 r..::mo..·cll from th..:: Jr·
r.J)' of c:nion .,;ullt.::.:tors.

In 1989. the U.S. Geologje~1 Survey
and Newmonl Explor~lionbegan inde­
pendent investig~tiuns or the CHI:v1
method. Shortly' there~[ler bOlh groups
bepn conducting joint CHI:VII'acld testS.
Result> or the "'or\; :lfe bneny described
belo"'.

The CHI:VI ekclrogeochemicol
method. developed in the former L:SSR
over ~O yC:ll"S ago. t.:ombin~s th(:ory am!
proe,ices from eketricol geophysicJI
ond geochemicJI me'huds. The lerm
CHI\! is on Jcrunym dem'ed from 'he
Ru:-;si:Jn ",\"ords "Chas[ichnoc 1Z\'k'ch­
cnny~ \k~lo ... " m~;Jning p:JrtiJI ~:t­

L.r.J.ction of mCL:lIs. Russi;:m IilCiolturC
(8Ioomslein. 1991)) indieoles lh~l this
integ~led explorotion methull hJS Jd·
v:lnlJ.£.cs o\·cr corwemlonal gcochc.mi.
c~1 methods in eXpl()r~lion for covered
deposit,;. In the rormer CSSR. CHI:VI
hos been principolly opplied in expl()~·

lion ror base· ond precious·meL:l1 de­
pOSiLS. Ollhou~h lile~[Ure SL:ltes ~t v.
Co. ~Io. C. Sn. Be. REE. as ·.·ell as oil
and gos deposItS hove Jlso been inve;·
ligoled.

In principle. the method is qui'e
simple. A group 12() LO ~OJ or sl"'e 10 II Y
designed ""mpling eleclrodes Iclemenl
receivers in RUSSian tcrminology) :lrc
pla<:ed in shollo"" holes llver lhe:lfc:l of
interest Jnd DC clcclrH':JI currenl is
P.:lsscd throu£h th..:: clcc.:trOOl::<I for peri.-
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C0n\CCl uoo:.!1 ~h:t:'trH.: PU\\. ~r "'l1un.:cs
JSCO in CHl.\1 \A.·ork l.:onSlsl ~)f high
voluge ,50()·IO(J(J V). high pI''''er 'S·
20 K I.l.i I DC soun:cs. The DC po'''·..:r IS

j l::ilflbulCLl by mulw.:onuUI.:lOr L':.Jblcs to

In J!"r.]y of C;luon colkL'tors. Pro\"l·
sions ror adjusting mdividu<J1 dccltooc
:UrTCnLS ::lOU for measuring the currCnls
lr~ mcluded in the source instrumcntJ­
tion. \Vilh such ~4uipmcnL. currcnllO
f":.lch de::uooc is norm:Jlly :i~l in lhe:

,~c oi O. \ \01).5 omp'.
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I ;[ion recently inlIoduced a mouilic:lLJon
,: lO lite con..-cnuonJJ CHl~\ power soun:e

where individual I::' V b::H1cncs were

•

':, useu 0' current SOurce, 01 eoch ekc·
.., trodctHooveronuothers.I9921. InlhlS

vori'llon. coiled APLOCH 1\11 from the
Greek Jplo mc;:mmg Simple I. Ihe.: lZlcc.

I trodes Jre op~rJl~d .1t mu,h lower 'ur·
.. rents, but colh:ctlon Lime is normally

incre::Lo;cd, The usc of small b.1l1er.
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PATTERNS .OP BLECTROCBEHICAL LEACHING
OP ELEMENTS IN THE SIMPLEST PKYSICO-CHEHICAL SYSTEMS

(lleport Il

S.G. Alekseyev, I.S. Goldberg, A.A. Veikher,
T.R. Gracheva, A.S. Dukhanin, and A.V. Ivanova

The electrochemical extraction of elements from rocks, the
process upon which the CHIH method is based [1), consists of a
combination of many interconnected phenomena: the solution of
concentration and chemical conversion of components around the
electrodes through which the electrical current is introduced into
the rock, etc. In order to more thoroughly investigate phenomena
which are interactive and simultaneously dependent upon many
controlling factors associated with the process and also in order
to begin to manage these phenomena, it is advisable to study the
totality of these processes, beginning with the simplest physico­
chemical system and then moving to more complex systems gradually
approximating actual rocks.

The simplest model for electrochemical extraction of elements
is a two-chambered cell containing different media separated by a
membrane. Electrodes placed in the chambers introduce an
electrical current into the system from an external source. All
of the processes characteristic of electrochemicalextraction take
place in such a model: the current passing through dissolves and
transforms minerals, and ions are displaced and concentrated around
the electrodes. By lowering the intensity of the current and the
time of its operation, one can vary the intensity of the electrical
action. Changing the composition of a medium allows one to
investigate the effect of a current as well as effect of a texture
and structure of the rock upon electrochemical extraction.
Finally, changing the composition of the electrodes allows one to
investigate the effect of the composition of the electrode
reactions, which is especially important at the sites where the
elements are concentrated at the element-receivers (ERs).
Actually, one chamber in the proposed model can be considered an
element-receiver; the other is a simulation of the surrounding
medium. During the time the processes are taking place, but while
products of the electrode reactions have not yet arrived to the ER
from the second supply electrode from the chamber simulating the
surrounding medium, the results of the investigation correspond to
phenomena taking place in the environment of the ER during CHIM
surveys in the aureole version [1]. When products of electrode
reactions from the second electrode arrive at the ER simUlator, on
the other hand, the phenomena observed correspond to the extraction
of elements directly from ores. This manner of extraction is

1
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utilized during CHIM operations in general and in the logging
versions.

The simplest model examined here has its applications in a
study of various factors controlling the electrochemical extraction
of elements. In the present article, we characterize the role of
the acid in the element-receiver and its effect upon the intensity
of the extraction and the reproducibility of observations using the
CHIN method. Other results will be presented in sUbsequent
reports.

As is well known . [1] , acid is introduced into element­
receivers in order to neutralize OH- ions arising during the
cathode dissociation of water. This is because the OH- ions move
toward metallic cations approaching the ER and l:llock their approach
to the ER. In addition to neutralizing OH- ions, the acid present
in the ER uuavoidably results in the diffusion of acid into the
surrounding medium. This has two negative consequences. In the
first place, hydrogen ions removed from an element-receiver by the
electrical current are turned back to the ER. In this way, the
portion of current deployed for the transport of useful components
is decreased. In the second place, hydrogen ions turning up in the
rocks around the ER can cause dissolution of the rocks and can add
recently dissolved components to the extracted elements, thus
distorting the results of the strictly electrochemical extraction
of elements.

since the current action impedes the diffusion of hydrogen
ions from the element-receiver, apparently one can select
conditions for carrying out the processes under which hydrogen ions
will not leave the range of the ER. Experimental and numerical
simulation approaches can be used to solve these problems. The
results of investigations using both approaches are presented
below.

A diagram of the electrochemical cell in which the
investigations were conducted is shown in Fig. L The cell
consists of two chambers separated by a membrane (10). Chamber (4)
simulates the ER and chamber (3), large in size, simulates the
external medium. A platinum anode is placed at the butt-end of
chamber (3) and a titanium cathode is placed at the butt-end of
chamber (4). In order to decrease the convection of the solution,
chamber (3) is partitioned by three membranes Which, as in the case
of the ER membrane, are cellulose films 80-mcm in thickness.

The cell is connected to a stabilized source of direct current
which remains unchanged during each experiment. The observations
are made in the form of geoelectrochemical accumulation-time curves
(hodographs) [lJ. After electrical current has been passed through
chambers (3) and (4), the solutions filling the chambers are
removed. The titanium electrode is washed off with hydrochloric
acid (1:1). The quantities of the participated in the experiment

2
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The concentration of zinc was determined by a
photocolorimetric technique using sulfarsecene on a FEK-56m
instrument [5]. The control was implemented by polarographic
technique on a FPL-l instrument [1]. Both methods yielded results
within margins of error not exceeding 10%. The concentration of
nitrate ions was determined by the photocolorimetric method with
phenoldisulfoxic acid [2]. It was first established that zinc
lowers the values determined for quantities of nitrate ions at
concentrations Zn2

+ :N03 = 300: 1 or more. Therefore, corrective
coefficients obtained for reference solutions were introduced when
determining NO~' in solutions with high concentrations of zinc.
The concentrat~on of hydrogen ions was measured by titration with
a "deci-normal solution of sodium hydroxide with methyl-orange
indicator. The error of the analysis (coefficient of variance) was
lot for the control analysis of samples. The total volume of the

Fig. 1. Diagram of set-up for conducting the experiments: 1)
electrochemical cell, 2) membrane on the anode side, 3) chamber
simulating the external medium, 4) chamber simulating the element­
receiver, 5) titanium cathode, 6) platinum anode, 7) ammeter, 8)
coulombmeter, 9) direct-current source, 10) membrane of element­
receiver.

elements in the solution are then-determined.

Solutions of nitric acid, forming easily dissolved compounds
with the majority of metals, were selected as the medium in the ER.
This allowed elements to accumulate at the element-receiver.

Solutions of zinc sulfate were chosen for the simulation of
the external medium: zinc ions do not interfere with the
determination of nitrate ions in the samples (nitrate analysis is
necessary in order to construct a complete balance for all carriers
of current: moreover, th~re is a fast and sensitive methodology for
zinc determination).
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control analyses was no less than 25-30%.

The effect of the concentration of acid in the ER upon the
extraction of zinc was investigated in several sequential stages.
First, a reference time for carrying out all experiments was
established. This was necessary because an electrode process
takes place at anode (Which is placed in the external medium)
involving the oxidation of OH- with the formation of hydrogen ions
transported to the ER under the action of the electrical field.
If the hydrogen ions reach the ER within the time of the
experiment, a portion of tqe current will be deployed to transport
them through the membrane (this results in a redistribution of the
current between the other carriers). The contribution of hydrogen
ions formed at the anode to the total quantity of current passing
through the membrane is not subject to precise calculation, since
hydrogen is present at the ER in a significantly higher
concentration than that formed at the anode. It was simpler from
a technical standpoint to limit the time the experiments were run,
to establish a reference time when the hydrogen ions formed at the
anode, still not having reached the membrane of the element­
receiver and, consequently, still not having participated in
transfer of current through it.

In order to determine the reference time, concentration of the
zinc from a 0.1 N solution of zinc sulfate in 0.1 N HNOJ was
carried out at a current strength of up to 300 mA in a time
interval of up to 8 hours. The results of the observations are
presented in Fig. 2, where geochemical accumulation-time curves for
the extraction of zinc are shown. without current or with currents
of 3, 10, or 30 mA, the increase in the mass of zinc per unit of
time i.e., the rate of extraction, remains constant over the course
of 8 hours. At currents of 100 and 300 mA, changes in the rate of
the extraction of zinc take place at times of 5.5 and approximately
2.5 hours respectively. They are linked to the arrival of hydrogen
ions formed at the anode, a fact indicated by the change in the pH
value in the chamber simulating the external medium. The change
in pH in the near-membrane zone on the side of the external medium
shows that the acidity of the solution does not change for currents
up to 30 mA, but that an acidic wave propagating from the anode
reaches the element-receivers after 5.5 and 2.5 hours for currents
of 100 and 300 mA respectively. We chose a reference time of 1
hour. During this time period, we studied the effect of acid
concentrations in a range from 0.01 to 3 N upon the quantity of
extracted zinc at current of 0 to 300 rnA (TABLE 1).

For the quantity of zinc transported to the ER as a result of
diffusion (without current), see TABLE 1, column 2. the current
is shown in columns 3-7. The total quantity extracted (M) includes
a Ipigrational (M,.) and diffusional (!'!J) components. The first
component is associated with accumulat~on under the influence of
the electrical-field gradient; the second is associated with the
concentration gradient. Columns 8-2 contain data on the
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migrational component, detined as the difference: ~= M - Mo.

.........

for the
2) 3 IlIA,

o , at...
.t.~., .

(I) TABLE 1- Quantity of zinc accumulated at the ER.

Acid Mg' M, Mg M,., mg
concen- mg
tration Current strength, IlIA
in ER,
N 3 10 30 100 300 3 10 30 100 300

0,01 1,7 3,2 6,7 17 55 160 1,5 5,0 15 53 158
0,1 2,7 4,0 7,1 18 46 143 .L2 .i.d 15 43 140
0,3 4,6 5,0 5,5 11 49 133 0,4 0,9 6,4 i.i 139
1,0 9,6 10,0 10,0 11,5 17 135 0,4 0,4 1,9 7 .J.1..a
3,q 12,5 13,0 13,5 18 38 0,5 1,0 5,5 25

33706(.

For the quantity of zinc transported to the ER as a result of
diffusion (without current), see TABLE 1, column 2. the current
is shown in columns 3-7. The total quantity extracted (M) includes
a migrational (M,.) and diffusional (~) components. The first
component is associated with accumulat~on under the influence of
the electrical-field gradient; the second is associated with the
concentration gradient. Columns 8-2 contain data on the
migrational component, defined as the difference: ~= M - Mg.

Fig. 2. Geoelectrochemical accumulation-time curves
extraction of zinc; 10 without current; at currents of:
3) 10 IlIA, 4) 30 IlIA, 5) 100 mA, 6) 300 mAo
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(2 )
n, =

where n, is transport number of the i-th element, m, is the mass
of the ~-th element transported from one space to the other, I is
the current in mA, t is the time in hours, and J{, is the
electrochemical equivalent of the i-th element. Calculated values
for the zinc transport are shown in TABLE 2.

The data of TABLE 2 indicate that, within the region
identified, the transport number is characterized by a constant
value, 0.38, regardless of the level of current. In other words,
38% of the total current is used in the transport of zinc ions.
The similar transport numbers for zinc in solutions of zinc nitrate
and zinc sulfate are in agreement with tabulated data [4]. Within
the region identified in TABLE 2, the transport number for zinc
decreases approximately eight-fold and amounts to 0.05 on an
average, i.e., all of 5% of the total current passing through the
cell is involved in the transport of zinc. A decrease in the
portion of current deployed in the transport of zinc should
correspondingly lead to an increase in portion of current used for
the transport of other ions. Under the conditions of the
experiment, these ions would be nitrate or hydrogen ions.

The results of the experiments allow us to determine the
portion of current involved in the transport of zinc or its
transport number [3]:

By analyzing the data in TABLE 1, one can see that the mass
of zinc increases with increasing current. The mass remains more
or less high for each increase up to a certain concentration of
acid. It then decreases sharply with increasing concentration of
acid. With increasing current, the boundary between quantities of
accumulated zinc (see TABLE 1) shifts to an area of higher
concentrations: for 3-30 mA, a change in the. quantities of
extracted zinc occurs at 0.3 N. A change occurs at 1 N for a
current of 100 mA and a change occurs at 3 N for a current of 300
mAo
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Data on the accumulation of N03' in the chamber simulating the
external medium are presented in TABLE 3.

The results of the determination of the quantity of hydrogen
ions in the external medium are presented in TABLE 4.

114

CUrrent strength, IDA

10 30 100 300

1,40 0,41 0,43 0,40
.Q...ll 0,41 0,36 0,38
0,08 0,17 ~ 0,34
0,03 0,05 0,06 .Q.....ll
0,04 0,02 0,04 0,04

It is evident from the table that, in contrast to zinc ions,
the quantity of nitrate ions being transported under the influence
of the current shows little dependence upon the concentration of
acid. It follows from this that nitrate ions do not participate
in the redistribution of ions among their carriers.

TABLE 3. Mass of .Nitrate Ions transported to the External
MediulII.

Concen- M,Mg ~, mg
tration Me
of acid mg Current strength, IDA
in ER, N

10 30 100 300 10 30 100 300

0,01 2 18 40 95 310 16 38 93 308
0,1 15 26 48 128 330 11 33 113 315
0,3 44 50 100 130 350 6 56 96 306
1,0 170 180 195 320 650 10 25 150 480
3,0 670 710 800 1185 40 130 415

0,01
0,1
0,3
1
3

Concentration
of acid in ER,
N

TABLE 2. Transport Number for Zn~ .at Various Concentrations of
HN03 at the ER.
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Under these conditions, hydrogen ions cannot cross through the
membrane to the external medium and the mass of the extracted

115

(4)

(3)

dtdt

where MA is the mass of hydrogen ions formed at the anode (the
value is determined by Faraday's Law), M is the mass of hydrogen
ions associated with diffusion from the ER, and Hi-is the total
quantity of hydrogen ions determined in the external medium.

In TABLE 4, one can clearly distinguish an area in which
hydrogen is either not fixed at all or is found at the trace level.
It coincides with the area identified in TABLE 2 for zinc, and it
is characterized by its high transport numbers. Where the
transport number for zinc is minimal, hydrogen ions are present in
the external medium in elevated quantities.

The inverse dependence between zinc and hydrogen indicates
that a redistribution of current in favor of hydrogen ions takes
place at certain levels and concentrations of acid. On the other
hand, when the transport numbers for zinc are high, hydrogen plays
almost no role in the transfer of current across the membrane.
Such conditions could arise when the migrational flux of ions
proves to be equal to or greater than the absolute value of the
diffusional flux and opposite in sign.

The data in the table characterizes the mass of hydrogen in
the external medium associated with hydrogen diffusion from the ER.
For its determination, the quantity of hydrogen ions formed during
the anode process are subtracted from the total mass of hydrogen
ions:
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(7)

(6)

(8)

(5)].

----,

=

dt

dt

dM

S

9

or, taking into account that

SUbstituting (5) and (6) into inequality (4), one can obtain
the conditions for suppression of the diffusion of hydrogen ions
from the ER as a result of electrical current by selecting the
appropriate critical current I K :

where dM is the mass of hydrogen ions crossing through the membrane
to the ER during a time dt, I is the current strength, KH is the
electrochemical equivalent of hydrogen, and n}t is the transport
number for hydrogen ions to a solution of nitrlc acid.

element from the external medium is maximum.

The diffusion equation for thin membranes in the absence of
a convective flow takes the form:

where dM is the mass of hydrogen ions crossing through a membrane
of thickness ]. and area S during a time dt, C]. and C2 are
concentrations of hydrogen on different sides of the membrane, and
D. is.the diffusion coefficient for the hydrogen ions.

The velocity of migrational flux of hydrogen ions to the
cathode side can be determined from the equation:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



10

'The Kavalerovo skarn type tin-polymetallic deposit

33i'O"/J

117

(9)

(10)

We attempted to use inequality (10) obtained for the simplest
physico-chemical system, for complex systems and, in particular,
for the extraction of elements associated with the use of the CHIM
method in actual field conditions. The research was carried out
in the Maritime Province (Far Eastern USSR) . At site 1', tin-rich
ore stockwork occurs at a depth of 700 to hosted by interbedded
sandstones and siltstones (Fig. 3). A tin ore body would not be
noticeable on the basis of the results of a surface rock
geochemical surveyor trenching (see Fig. 3, graphs 1 and 2). It
would not be determined by using the CHIM method if condition 10
(graph 4) were not fulfilled. If the required condition is
fulfilled, on the other hand, the ore body would be discovered by
CHIM survey (graph 5).

~
By setting the coefficient P=~n~l and taking into account that

a concentration of acid in the external medium did not exist prior
to the beginning of the experiment (Cz = 0), expression (8) can be
represented in the form:

The critical current density can be calculated if the
diffusion coefficient of hydrogen ions is known for the medium
being studied. The other.parameters can either be determined from
the conditions of the experiment (cH+, S, 1) or found from tabulated
data (KH, n H).

The diffusion coefficient of hydrogen can be determined
experimentally for the cellulose and parchment membranes [1] used
in the CHIM method. The experiments were carried out in an
electrochemical cell. A diagram of the cell is shown in Fig. 1.
It was found that the diffusion coefficient is independent of the
concentration of acid in the ER, the composition and concentration
of electrolyte outside the ER, and the area and thickness of the
membrane. The average coefficient of diffusion equals 6,0 * 10.3

cm2/hr with a 12% margin of error.

Taking into account the value found for 0H' the coefficient of
proportionality P in equation (6) can be quantitatively determined.
The remaining parameters are: KH- the electrochemical coefficient
of hydrogen (0.00378 mg/mA) ; n H - the transport number for hydrogen
ions in nitric acid, equalling 0.83 [3]; 1- the thickness of the
ER membrane (cellulose and parchment membranes), equalling 8.10-3
em. Then,
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The small quantities of tin in mobile forms capable of moving
under the influence of a current are so minuscule that the most
favorable conditions would be necessary for the accumulation of tin
in quantities sufficient for analysis. In accordance with
inequality (8), such conditions can be realized in various ways.
We used a change in jK at the expense of the membrane area. For
this, CHIM method observations were conducted at three different
element-receivers with membrane areas equalling 60, 7 and 1 cm2 for
current densities of 1.5, 20, and 150 mA/cm2 respectively. The
calculated critical current density (jK) equalled 37.5 mA/cm2•

CHIM observations were carried out along three parallel
sampling lines at intervals of 1 m along profiles used for the
surface lithochemical survey; the outcrops along the profiles were
examined also. Fig. 3 shows that no tin anomaly appears in the
case (graph 3) when j < jK; extraction of 'tin amounts to 1-1.5
microgram. In the second case (graph 4) when j < jK' a weak tin
anomaly of up to 4 microgram against a background of 2 microgram
is noticeable within a proj ection to the surface of the are
stockwork. However, the anomaly has poor contrast and is
indistinctly delineated against the overall background. Finally,
in the third variant of the survey (Graph 5), j « j~, a clear
tin anomaly 250-m wide and coinciding with the project~ons to the
surface of the ore body is obtained. Its intensity reaches 16
microgram against a background of 0.5-1.0 microgram.

~~
,,~

-L~,
~-~
• I ...\. ;e '

DUi2l0!ZJ1Z]. . . .. . .
Fig. 3. Result of the CHIM survey at site 1: 1) Quarternary
deposits, 2) interbedded siltstones and sandstones, 3) tin­
ore stockwork, 4) veins of tin mineralization,S) veins of
polymetallic mineralization.
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Investigation of the effect of the acid concentration in the
ER upon the electrochemical extraction of metals characterizes one
of the factors influencing the contrast and reproducibility of the
resul ts of observations using CHIM. Investigations of other
factors will be discussed in SUbsequent reports.

Fig. 4. Results of the CHIM survey at Site 11 (same legend as in
Fig. 3).

Similar results were obtained at Site 11 (Fig. 4). the
results of the soil survey and outcrops sampling are presented in
graphs 1 and 2 respectively. The observations were carried out
along two closely spaced lines: at one, the area of the ER was 7
cm2 (Graph 3), at the other, the area was 1 cm2 (Graph 4). Both in
the first case (j < jk) and in the second (j > jk), two
anomalous areas were noted on the profile: eastern and western.
However, the intensity and contrast of the tin anomalies were
significantly higher than when element-receivers with membrane
areas of 1 cm2 were used. The 1-cm2 areas provided a current
density for electrochemical extraction higher th.-" the critical
density: this was a higher current density than provided when using
an element-receiver with a 7-cm2 membrane. The 7-cm2 membrane did
not provide the required current density for the most favorable
extraction of tin.
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CHIM

These measures allowed us to achieve a sensitivity of
determination equal to 0.005 mcg/ml in the solution analyzed
sensitivity of 0.01 meg for the entire volume of the sample.
error of the determination was 30%. The gold analysis of
samples for gold involved the following steps:

A successful application of the aureole version of CHIM method
in exploration for covered copper, polymetallic and nickel deposits
located with unconsolidated overburden reaching 100-m in thickness
suggests that this method could be used in search for gold deposits
as well. The main difficulty with gold deposits using the CHIM
method is the fact that gold content in the ore bodies and
surrounding aureoles is low (four-five orders of magnitude lower
than copper, nickel, lead, zinc, and a number of other metals).
Overcoming this difficulty would be possible by increasing the
sensitivity of gold analysis in samples from element-receivers and
increasing the enrichment of samples during the process of
electrochemical extraction. We undertook efforts in both
directions. The results of our investigation are described below.

In order to increase the sensitivity of the gold analysis in
the CHIM samples, we used a method of film polarography with
accumulation on a solid graphite electrode. The ethyl ether of
acetic acid (ethyl acetate) was used as the extracting agent.
Extraction was carried out for 2 minutes on samples 10-ml in volume
with the aid of 10 ml of ethyl acetate. Determination of the gold
using film polarography with accumulation allowed us to concentrate
the microquantities of gold at the graphite electrode's surface.
This increased the sensitivity of the determination by a factor of
10-20. The use of a solid graphite electrode significantly
simplified the technique of analysis over what was possible with
the use of mercury electrodes. At the same time, we used a
polarograph FPL-l which was specially developed for field
laboratories. The use of this polarograph may have also increased
the sensitivity and productivity of analysis for each sample.

- The sample solution was evaporated to a volume of 10 ml and
~ransferred to a separatory funnel;

POSSIBLE USES OF THE CRIK METHOD FOR EXPLORATIONS
OF COVERED GOLD DEPOSITS
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- 5 ml of concentrated hydrochloric acid and 10 ml of ethyl
acetate were added to this volume. Distilled water was then added
up to a volume of 30 ml:

-extraction was carried out for two minutes:

- the aqueous phase was decanted, and the ethyl acetate was
washed with 0.1 N hydrochloric acid:

.
- ethyl acetate was transferred to a heat-resistant 50-ml

beaker: 2-3 drops of a 2% solution of NaCl were added and the
mixture was evaporated to dryness in a water bath:

- the dry residue was dissolved in 0.5 ml of aqua regia, 3
drops of hydrogen peroxide were added, and the mixture was
evaporated to moist salts:

- the moist salts were treated with 0.5 ml of concentrated
hydrochloric acid and evaporated to a dry residue:

- the dry residue was dissolved in 2 ml of 0.1 N hydrochloric
acid and transferred to a cell for polarography on the FPL-1:

- polarographic analysis of the solution was carried out in
the regime: sedimentation (settling potential) 0,7 V;
sedimentation (settling) time - 10 min: scanning rate - 1.6 V/min:
range of current recording - 2 mcA:

- a polarographic curve of gold-solution currents was recorded
and the height of the maximum on the curve was measured;

- the concentration of gold in the analytical solution (2 ml)
was determined according to a calibration graph;

- the mass of gold in the sample was calculated on the basis
of the volume taken for the analysis of the sample.

A more detailed analytical methodology would require a special
publication and is not discussed in the present article.

Using the analytical methodology just described, measures were
taken to increase the concentration of gold in the samples during
the process of electrochemical extraction. The investigation was
conducted on one of the gold deposits where the gold mineralization
is associated with a series of faults concordant with the bedding
of host rock. The mineralization was covered by unconsolidated
overburden up to 40-m thick .
•

During the first stage of the investigation, attempts were
made to confirm the fact that gold is indeed extracted from soils

2
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when using the CHIM method. For this purpose, we selected a
pediment area where the presence of gold was established in trench
samples. For the electrochemical extraction, we used equipment
normally used for CHIM surveys of copper, zinc and lead deposits.
The experimental regimes were set up to clarify the gold extraction
for various time periods, various strengths of electrical current,
and, correspondingly, for various electric field strengths around
the element-receivers. In addition, the gold extraction" in the
form of cations or anions was investigated by connecting element­
receivers to a negative or positive pole of current source at the
CHIM-10 station. .

The results of the observations show that traces of gold could
be found at sites where mineralized rocks outcrop directly under
slope deposits only when using enhanced extraction regimes (a
higher electric-field strength of -1. 0 V/cm and appreciable current
- up to 400 rnA). We were not able to determine gold at other
current levels. Extraction of gold took place in cationic and
anionic forms in approximately equal quantities.

The observations showed that increases in the level of current
through the element-receivers caused increases in the quantities
of gold accumulated. This led us to a conclusion that it might be
possible to move from qualitative recording of traces of gold to
actually measuring its amount by increasing the level of current
(and, correspondingly, the electric-field strength).

When attempting to increase the current, however, it turned
out that the standard element-receivers (in which the ~archment

membranes in contact with the soil have an area of 5 cm) heated
up, and the membranes burned. Therefore, the element-receivers
used would not allow passage of a current larger than 300-400 rnA
for the time period necessary (10-20 hours).

In order to raise the current through the element-receivers
and avoid having the element-receivers heat up, it was necessary
to lower ground resistance of the element-receivers. The latter
goal was achieved by increasing the area of the membrane in contact
with the soil. Element-receivers with membrane surfaces of 15, 40
and 300 cm2 were tested. The current through the element-rece i vers
was correspondingly increased to 400-600 rnA under comparable
conditions, and the masses of extracted gold increased to 0.015,
0.1, and 1.0 meg respectively.

It follows from the data presented that one can anticipate
extraction of measurable quantities of gold exceeding the reaChed
limit of sensitivity for the analytical determination of gold (0.01
meg) When using membrane-surface areas of 40 cm2 or more. Using
these element-receivers at a current of -400 rnA, we attempted to
dlstinguish gold mineralization not only in shallow pediment
conditions but also present at depth under clay-rich overburden
with thicknesses of 10-20 and 40 rn.

3
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In one year, control tests were made as to how reproducible
the extraction of gold would be with changes in climatic factors
and other environmental factors which are difficult to take into
account. Measurements were made during a more humid and colder
period of time than during the preceding year. In such
circumstances, one would anticipate a change in the equilibrium
between mobile and fixed forms of gold toward a decrease in the
quantity of gold in mobile forms. The results of the measurements
indicate that, in fact, extraction of gold was achieved only in
isolated sample points in the anomalous zones and, second, there
was an overall decrease in the amount of leached gold. ThUS it

In order to confirm the reliability of the results, the repeat
sampling was conducted along a profile offset from the first one
by 40 m along the strike of the ore zone. The repeat data (Fig.
2) show good correlation of zones of gold mineralization along
strike.

Fig. l. Results of the CHIM survey. 1) sandstones,
siltstones, 3) clays, 4) zones of gold mineralization
content > 0.01 ppm), 5) curves of gold extraction.

The results of initial and repeat observations during 1976 on
one of the profiles where the thickness of unconsolidated
overburden reached 20 m indicate (Fig.1) that two ore zones crossed
by the profile are satisfactorily identified by anomalously high
extraction of gold (see Curve 1). The repeat observations (Curve
2) coincide well with the initial ones. Some shift in the location
of the anomalous samples is due to the non-uniform distribution of
gold in soil and to the fact that the repeated observations were
carried out along a profile offset from the first one by 2 m.
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Fig. 2. Geological sketch of the CHIM surveyed area. 1)
sandstones, 2) siltstones, 3) zone of gold mineralization (gold
content 0.1-0.3 ppm, 4) ore bodies (gold content > 3.1 ppm, 5)
gold-extraction curves, 6) sample profiles, 7) zones of gold
mineralization suggested by the CHIM method.
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The use of element-receivers with membrane surfaces of more
than 100 cmz is associated with a number of difficulties: passage
of the electrolyte, the complexity of construction, inconveniences
with respect to transportation, etc. In order to increase the mass
of gold leached, it is expedient to group together several element­
receivers with a large membrane. The sample results along Profile
I are shown in Fig. 3 for a grouping of four element-receivers with
membrane areas of 40 cmz in the same area where in 1977 the gold
extraction from one element-receiver was on the detection limit.
A comparison of the data shows that the grouping of four element­
r~ceivers provides a satisfactory delineation of gold
mineralization. The analytical data and quantities of extracted
gold were reproducible.

became evident that the amount of leached gold necessary for
satisfactory delineation of gold mineralization has to be increased
to a higher level which would certainly exceed the climatic
fluctuation in the mass of extracted gold. In fact, this makes one
question the use of element-receivers with large membranes in the
CHIM methodology.
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Fig. 3. The CHIM results based on combining of solutions from
several element-receivers (for legend, see Fig. 1).

Thus the investigation lead to the following conclusions:

1. The CHIM method in the aureole version can be used to
delineate gold mineralization under an unconsolidated cover, just
as it can be used to delineate copper, lead, zinc, and other
metals.

2. For successful determination of gold mineralization, it
is necessary to use a high-power extraction regime (-0.5 A per
element-receiver). This can be facilitated by enlarging membrane
areas for the element-receivers and by grouping element-receivers
together.

For the area of CHIM survey, the combining of solutions from
3-5 element-receivers ,with membrane areas of 40 cm2 facilitated
satisfactory delineation of gold mineralization under various
climatic and environmental conditions. However, it is necessary
to conduct an orientation survey for the selection of an extraction
regime in each new area.

Additional case history.

The CHIM survey to trace gold mineralization covered by
unconsolidated overburden (Fig. 4) was conducted in the test area
using the extraction conditions described above. At sites where
the cover was not thick, the gold mineralization was outlined by
trenching and pitting.

6
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The reSUlts obtained by the CHIM method serve as a basis for
drilling priorities in the southern zone.

Besides the northern and southern zones traced by the CHIM
method, high quantities of gold probably outlining still another
gold-zone extending further to the northwest were extracted on
Profile 6 .

•

t:D1 D:JZ E:3J E:J.It l<S:$

Fig. 4. Geological sketch of the CHIM survey area. 1)
Quarternary alluvium, 2) Early .carboniferous sedimentary
formation, 3) zones of gold mineralization (gold content 0.1-3.0
ppm), 4) ore bodies with gold contents > 3.2 ppm, 5) gold­
extraction curves.

It is evident from Fig. 4 that high grade mineralization
occurs in the central portion of the area. Two ore zones covered
by unconsolidated overburden can be delineated here. The northern
zone probably extends beyond Profile 14 to Profile 7, gradually
becoming too low-grade in a northwestern direction. Low grade is
also noticeable within this zone in the opposite direction, beyond
Profile 28. The southern zone has a limited high-grade area. Its
distribution to the northwest and southeast was not known before
the start of the CHIM survey.

The reSUlts of the CHIM survey along Profile 14 and 18 allow
us to confidently outline the southern zone in covered area between
two outcrops in the central part of the area. A continuation of
this zone was not found on profiles 28 and 6. Thus the ore zone
established at the outcrop can be satisfactorily traced under
alluvium and can be contoured from the northwest and southeast.
The northern zone was not found on profiles 18 and 14, but is well
delineated on profiles 28 and 7. From what has been said, we can
conclude that this zone has a high-grade portion in the vicinity
of Profile 18 and that the zone outcrops at the surface to the
northwest. Further to the northwest, the zone becomes low-grade,
but it again becomes high-grade near the Profile 7. The high-grade
portion of the zone is limited in extent along strike. Such
limitation was also noted in the area of Profile 28.
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The survey results within ·this area showed promising
possibilities for using the CHIM method to trace gold
mineralization beneath the unconsolidated cover. However, the
methodology of field operations using the CHIM method in exploring
for gold under various geologic, geomorphologic, and climatic
conditions requires further development. Nevertheless, the very
fact that deep-covered high-grade gold mineralization can be
delineated is significant and allows us to consider the CHIM method
for the prospecting of vast covered areas and for evaluation of
gold prospects already discovered.

8
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FINDING BURIED GOLD MINERALIZATIONS

S. G. Alekseyev and 1. S. Goldberg

3370Bi

Gold prospects and/or zones of mineralization are trenched

and, 1n completely covered areas, they are drilled. The drill

grid is usually 200x20-40 m with an average depth of 50-70 m.

area of the CHIM testing, the sedimentary formations

represented by sandstones and siltstones. The rocks

1

In the

are mainly

The survey area is classified as a poorly exposed; 30-40%

of the area is covered with transported unconsolidated overburden

up to 70-100-m th1ck. Since such overburden is not ubiquitously

present, the task of finding gold-bearing outcrops and subcrops

is facilitated by the geological mapping on the scale of 1:50,000

and smaller, and surface geochemical surveys. Gold-oriented 5011

geochemistry is usually used.

The problem of fjnding a buried gold mineralization arises

in several situations, typically. during i) exploration of the

flanks of known deposits; 2) in the process of prospect

evaluation; 3) in correlating of ore zones uncovered in

neighboring areas but separated by alluvial cover. It becomes all

the more important the richer the discovered portion of the

mineralization is and the more promis1ng the undiscovered port10n

of a gold deposit appears to be. Trac1ng gold mineralization

takes on a special significance when exploring covered areas. In

such areas significant amounts of dr111ing can be used up. This

is especially true in districts w1th complex geology and

complicated ore grade distribution. Th1s article discusses

testing of the CHIM method to determine whether it is an easier

method than drilling for tracing gold mineralizations under

unconsolidated overburden.
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are graphitized to a significant degree, and thicK, deep zones of

chemical weathering and oXidation develop within them. The

ore-hosting structures are tectonic zones striking north-west and

dipping north-east. The primary ores are silicified sulf1d1zed

sandstones and siltstores. The gold in the primary ores exists in

the form of admixtures in pyrite and arsenopyrite; a small amount

of free gold is also present. In the supergene zone, the primary

ores were completely oxidized. According to the fire assay and

metallurgical test data, all of the gold in the oxide orebodies

exists as a free gold. The oxide orebodies occur in a linear

belt and are of significant width and length. The contacts of

the orebodies are indistinct and can be mapped only on the basis

of assay data.

It was shown before [1] that similar ore bodies and zones of

gold mineralization can be delineated by the CHIM method if the

thicKness of unconsolidated overburden is about 20-m. The survey

was conducted under the following conditions. Gold was extracted

at element-receivers <ERs) with large membrane areas, 40 cm 2 , in

a high-power regime (300-400 A through each ER) at an average

electric field strength of Z V/cm. The extraction time was 1~

hours. The element-receivers were distributed along the profile

at steps of 7.5 m. The contents from four element-receivers were

grouped into a single sample so the quantity of extracted gold

will exceed the minimum amount necessary for analysis. This

method successfully delineates a gold mineralization by outlining

anomalies with amounts of gold exceeding 0.~1 ppm. The anomalies

are satisfactorily reproduced during repeated observations and

,are spatially distributed directly above the tops of the ore

bodies. Mineralized zones with noncommercial gold concentrations

are characterized by anomalies with less than 0.1 ppm. They are

not always reproducible during repeated observations, since the

quantity of gold extracted within such anomalies is too near the

limit of sensitivity for the analysis <0.003-0.005 ppm).

9C



Prospect I (¥ig. 1). The exposed portions of the area

contain several zones-of mineralization. High gold values were

found in several of them on the basis of 1ndiv1dual samples.

The zones are 'lost' under unconsolidated overburden 5~-7~ m

thick. They can be outlined by the CHIM method. The profiles and

their relationship to the zones on outcropped hills is shown in

Fig. 1. Three levels of gold extraction were established on the

basis of the results. The most intense extraction is

characterized by masses of more than ~.~1 ppm. These are

first-order anomalies; they were found on profiles 58, 66, 67,

and 72. The anomalies were spatially combined into three

anomalous zones, which have been named the Northern, Southern,

and South-western zones. The Southern zone can be traced from

the east to the west along several profiles. Its w1dth 1s 62 m

on Profile 72. Further to the west, it can be traced through

Profile 67, where it reaches a Width of 100 m. On an outcropped

portion of the area between these two profiles, the zone 1s

visible in mine workings, and it is intercepted in drill holes.

ThUS, a zone of mineralization found in the outcropped part of

the prospect can be traced from the south to the west and to the

east. In the west, it tapers out or the gold values within it

diminish. To the east, however, the zone extends further than

Profile 72.
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methodology for CHIM was used to trace gold

two gold prospects in Eastern Kazakhstan.



The Northern zone is clearly delineated only on Profile 72.

Its width is i00 m. The continuation of the zone to the west is

Fig. 1. Results from exploring the ore zones using the CHIM

method. Prospect 1: 1) Quarternary unconsolidated; 2) Early

Carboniferous sandstones and siltstones, 3) zones with

noncommercial (a) and commercial lb) mineral ization, 4) gold

zones traced by the CHIM method.
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To the south, the Southern zone abuts the Southwestern zone,

which is noted on Profile 58. The Southern zone is confirmed

here in an outcropped area which is also trenched. The zone

continues to the east, where it can be traced by a weak CHIM

anomaly. It can then be traced by trenches at a next outcrop

and, still further to the east, again by a weak CHIM anomaly on

Profile 72. It is necessary to note that the CHIM anomalies

above the Southwestern zone are weak, with the exception of the

anomalies in the western portion. This correlates with the small

gold content in the outcropped portion of the zone.

Ii

-
I:
I
I
I
I,
I
I.

I
1
I
I
I

I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

337088

apparently a zone of mineralization mapped and sampled in mine

worKings in the exposed portion of the area. St1ll further to

the west in the area of Profile 66, according to the data from

the CHIM method, the ore zone either tapers out or the gold

values within the ore zone decrease significantly.

ThUS, the anomalous zones whieh most probably contain gold

mineralization within their contours ean be traced at Prospect I

using the CHIM method. The results of the CHIM operations at

present are being verified along the Northern zone (Profile 72),

where a zone of mineralization with an ore grade of gold was

established by drillhole 30-35 (see Fig. 1) in the core of the

CHIM anomaly.

Prospeet 2 (Fig. 2). Several gold-bearing zones were

discovered. A portion of these contain high grades of gold in

the trenched part of the prospect. The CHIM results were obtained

in the western and eastern parts of the area along four profiles

in order to discover the extension of the zones under

unconsolidated overburden. The thieKness of the latter was

30-50 m.

According to the CHIM results, the major zones with

commercial gold mineralization do extend beneath the

unconsolidated areas. A zone exposed by trenches can be

satisfactorily traced on Profiles 2 and 1 in the northeastern

flank of the area. It apparently continues further in a

southeasterly direction. This same zone extends to the northwest

through Profile 4.



Still another anomalous zone extends into the northern part

sandstones and siltstones (C,), 3) zones of mineralization with

In analogous fashion, we can trace zones exposed in outcrop

This

in the

the other

4) ore zones

auarternary unconsolidated; 2)

(b) mineralization,

the gold content at these sample

i )

although gold values within ·such anomalies are

33/'089

Prospect 2:

Results from tracing gold mineralization using the CHIM

Besides the described first-order anomalies,

indicate that,

higher than in the bedrock,

sites is too low-grade.

weakly anomalous areas with 0.005-0.008 ppm extractions of gold

were found on all of the profiles. Their lesser intensities

zone has not been contoured and has a lower gold content than the

other zones.

in the southeastern part of the area; they register well

CHIM anomalies along Profile 3.

of the area cross-cutting the southern end of Profile 4.

low-grade (a) and commercial

traced by the CHIM method.

fig. 2.

method.
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We have discussed examples of tracing gold mineralization in

the areas of low topography filled with unconsolidated

auarternary deposits. These examples illustrate the promise of

the CHIM method. At the prospects surveyed by CHIM, the

delineation of mineralized zones allowed us to decrease the

amount of drilling by up to 60% as compared with the drilling

needs predicted initially Without the use of the CHIM method.

We should add that tracing of the zones of gold mineralization at

the two prospects mentioned took 1.5 months and significantly

accelerated the exploration of these prospects.
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CHIM SURFACE SET-UP FOR UNIPOLAR EXTRACTION .

Yu. S. Ryss and I. S. Goldberg.

In the set-ups shown on Figure 3, the auxillary grounding

electrode is moved out of the survey area (to 'infinity"). The

primary ground is a system of element-receivers placed at points

of intersection of concentric circles with radii or at points of

intersection on a rectilinear grid of profiles. The dimensions

of the grounding electrode are selected in accordance with the

given depth of investigation. Depending upon the distribution of

current flowing from the various ERs and the distance between ERs

within the ground, the structure of the field within the volume

of rocK can be selected to be either homogeneous or central

or of another type .

A set-up of the type involving a charged bOdy differs from

others in that the auxillary grounding is placed within the

target object using boreholes or mine workings.

Surface set-up for bipolar extraction. In this set-up,

the auxillary electrode is equipped with an ER, just as the

primary ground is. Both grounding electrodes are arranged along

the strike of the studied zone at a distance from one another

which is determined by the actual goals of the stUdy.

The circular 'aureole" set-up consists of a central ER and

an auxillary circular ground surrounding the ER. The volume

being worked is determined by the size of the circle. When

investigating aureoles, the radius of the circle usually amounts

to 0.5-1 m.
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In the Logging set-up, the primary ground taKes the form of

a chain (garland) of ERs lowered into the borehole on a multiple

cable. The auxillary electrode is placed either in 'infinity' or

on the surface at the borehole opening (casing pipe can be USed).

Observations using CHIM in 'aureole" version are the

simplest. Circular surface set-ups by 20-30 pieces hooked up in

parallel to the source are usually used. Set-ups are positioned

along a profile or over a specified area. The ERs are joined to

the negative pole of the power source, and the circular auxillary

grounding electrodes are joined to the positive pole. One can

use batteries of accumulators, rectifiers of alternating current,

electromechanical assemblies, and other equipment With the power

of i kilowatt or more as current sources. Electrical current is

passed through the ERs for i-2 days with periodic or one-time

testing of the ER contents. In order to provide identical

extraction conditions at each set-up within the circle,

measurements of the electriC field strength are made at specific

points. The electric field strength is selected for all of

set-ups at the site under investigation by varying the current

passing through individual set-ups. The analysis of the contents

of the ERs is carried out either by extraction of the solution

or directly within the solution with the aid of chemical or

various types of physico-chemical analysis •

Determinations of the metals present in the aureole, their

relative quantities, and the positions of ore-bearing zones are

usually involved in the "aureole" version of the CHIM method.

TaKing into account the linear character of the dependence of the

·first branch of the accumulation-vs-time curve, graphs along the

profiles under investigation are constructed with respect to the

magnitude of dm/dt or values of m for a fixed t.

In Fig. 4, results are presented for extraction of nickel,

copper, and cobalt at one of the copper-nickel deposits of the

3
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Kola Peninsula. The mineralization is hosted by amphibolites

interbedded with granito-gneisses and intruded by

plagio-microcline granites. These rocks are covered by glacial

moraine a-12-m thick. Surface geochemical samplng established

that the overburden has more or less identical concentrations of

trace elements. No aureole was found above the mineralization.

Electrochemical extraction from small surface set-ups i-m in

diameter resulted in the accumulation of mobile forms of nickel,

copper, and cobalt at the ERs after current was passed for two

days. Directly above the top portion of the mineralization,

150-200 mcg' of nickel was leached (in 2 days); above the buried

portion and also outside the orebodies under the same conditions,

20-25 mcg of nickel were leached. Copper and cobalt were leached

in quantities of 40-45 mcg above the mineralization and in

quantities of 10·15 mcg at a distance from its upper portion.

Thus, within the near-surface horizon of overlaying rocks, dm/dt.

and, correspondingly, the contents of nickel, copper, and cobalt,

are greater above the hanging wall of the mineralization than

along both sides of the mineralized zone. During electrochemical

extraction, an aureole was discovered above the mineralization

which had not been identified on the basis of bulk sample

analysis during the geochemical survey. The difference in

discovering the aureole by total sample concentration or by

electrochemical extraction is due to the fact that the

electrochemistry facilitates the accumulation and selective

determination of mobile forms of elements. These mobile forms

apparently constitute a fraction in relation to other fixed

forms. The masses of the fixed forms are greater than the masses

of the mobile elements and are homogeneous over most of the

.profiles (and, apparently. within the area as a whole. The small

changes in the amount of an element that are found during the

bulk analysis go practically unnoticed. At the same time, such

changes can be recorded very clearly in terms of their

'mcg = microgram

4
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intensified accumulations when using the CHIM method.

r::::;),G3,~,~.

CZl, ~,[Z5J,C3J,
[EJ,

..

. , .... "'...

=
Q.oI J,I 1~'lI .W ;.hi..... ~... oJ';''' • ...; , ....

",.,. '41 , 11~ " ..

1I•. r,.t..

\

~. Y"'.l

q ~s()..­
"!S' 'SiJ

f .w
IS S,J

Scm

Fig. 4. The CHIM results for a copper-nicKel deposit (Kola

Peninsula): 1) moraine, 2) plagioclase-microcline magmatitic

gneiss with amphibolite, 3) plagio-microcline granite, 4)feldspar

amphibolite, 5) ores, 6) boreholes, CHIM graphs: 7) nicKel, 8)

copper, 9) cobalt.

When using geochemical extraction, similar effects

associated with the detection of covered aureoles can be observed

in other areas. The profile of a polymetallic deposit is

presented in Fig. 5 .. The ores here occur in a quartz-sericite

altered zone covered by loose clay-rich overburden 40-50 m in

thicKness. According to the results of a soil survey, background

concentrations of lead and copper are less than 10 ppm. During

geochemical extraction from the same set-ups used at the

preceding site, an aureole with a maximum extraction of lead

reaching 90-110 mcg and a maximum extraction of copper reaChing

up to 360 mcg can be detected above the ores. Lead values of -50

mcg and copper values of -50-65 mcg were detected on the flanKs

of the deposit.
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overburden and occurs below the bedrock contact at a depth

On Fig. 6, we show an aureole detected during geochemical

extraction under still more complicated conditions than those

described above. The polymetallic mineralization occurs within

volcano-sedimentary Ch)oritized rocks covered by clays -1~~-m

I
I
I
I
I

thick.

of 2~ m.

The mineralization itself does not subcrop under the

As is evident from the figure, 20-25 mcg of lead and

15-20 mcg of copper was leached above the upper portion of the

2) sChistose diorit1c porphyries and mierodiorites, 3) basalts,

4) sericite-quartz sehists, 5) pOlymetallie ores, CHIM graphs:

ore. Outside the ore zone,

extracted.

5-10 mcg of lead and copper were

unconsolidated deposits (clays, loams),
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Results of the CHIM method at polymetallic deposit I
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Fig. 5.
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composition, 4) tuffs of silicic composition, 5) basalts,

~ ---.

337097

deposit

loams),

8) disseminated

, .

, B

3) tuffs of andesite

",'

at a polymetallic

deposits (clays,

..

tuffs,

i) unconsolidated

sandstones,

60S '" • ft'\! 'I0 pi
55 •
d

.JS
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Results of the CHIM method

siltstones,

pOlymetallic ores with chlorite, 9) massive copper-pyrite ores,

i0) massive polymetallic ores, ii) veined-disseminated ores, CHIM

graphs: i2) lead, i3) copper.

The reSUlts at the sites mentioned and also observations at

other sites lead to the conclusion that geochemical extraction in

the 'aureole version' allows one to detect weaK aureoles not

identifiable by bulK content of elements. As a reSult, the

'aureole' version of the CHIM method broadens the possibilities

2)

Fig. 6.

6) chloritized tuffs, 7) silicified mudstones,

(Rudnyi AHai Mts.):
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The distribution of the total eontent can fluctuate not only

depending upon migration proeesses but also depending on whether

an element occurs in the lattice of a mineral.

The 'aureole' version of CHIM ean be used, as ean any other

geochemical method, to test geophysieal anomalies. As is well

known, zones of conductivity are often represented by pyrite,

pyrrhotite, and, more rarely, by polymetallic copper and

copper-nickel ores. The detection of geochemical aureoles of

high copper, lead and nickel on anomalies discovered by

electrical geophysical methods sUbstantially increases the chanee

of finding an ore deposit. On the other hand, an absenee of

geochemical aureoles ean serve as a sign that the geophysical

anomaly is not related to mineralization.

The 'aureole' version of CHIM proves useful in detailed

exploration of deep-buried deposits and in testing of geophysieal

anomalies. Nevertheless, a basic shortcoming of any geoehemieal

method remains in this CHIM method as well. The problem we are

talking about is an inability of a geochemical method to evaluate

the grade of an ore mineralization. A future 'fundamental'

version of CHIM will permit one to record both the initial

and the subsequent branches of the geochemieal curve of

accumulation vs. time (hodograph) whieh would help to overeome

the problem .

The research in this direction is still in the early

stages. An important inhibiting factor is the uneertainty

associated with our conception of the veloeities or mobilities of

ions movement in rocks. Investigation of the mobilities of ions

in various media [2, 3, 4J showed that mobility varies from

thousandths to thousands of cm~/volt·hour.· The observed

variations are caused by many faetors which are extremely

difficult to quantify. These include: the eomposition and

concentration of pore solutions, the structure of the pore space,
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the composition of the solid phase, electrokinetic phenomena,

etc. The totality and variety of effects of different factors

makes experimental set-ups complex and lead to an uncertainty

with respect to experimental results on account of one or another

factor. It is quite obvious that practical implementation of the

"fundamental' CHIM version is possible in cases involving high

mobility values. The conditions under which the mobility of ions

in rocks exceeds units of cm 2 /volt-hour are not yet well known.

Further studies and field experiments are needed in this

direction.

The "fundamental" or "primary' version of CHIM is

comparatively simple to implement during logging of a borehole.

The close prOXimity of the element-receiver to the borehole

walls allows to dissolve minerals from the borehole walls and

accumulate elements at the element-receivers under a small

electrical exposure over a brief periOd of time. A complete

geochemical curve of accumulation vs. time for each

element-receiver permits one to estimate the content of elements

in the rock and to construct the downhole distribution curves of

element concentrations for different depths. A qualitative

concept of such a distribution can be achieved if we record the

change in the mass m leached downhole over a fixed period of time

corresponding to the branch of the accumulat1on-vs.-time curve.

This qualitative concept would reveal any enriched intervals and

show their pattern relative to one another. The results of the

CHIM logging at one of the boreholes (Kola Peninsula) are

presented in Fig. 7. As is evident from the figure, the ore

interval at a depth of 20-2i m is well determined by high

extraction of nickel. copper, cobalt. and iron against the low

baCkground associated with the extraction of these same elements

in the host rock. Copper and nickel gradually decrease downward

in the peridotite sequence and then abruptly decrease at the

transition from ores to the underlying phyllites. At the point of

maximum (20.5-20.7 m) of the extracted quantities of nickel and
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copper and at a depth of 25.1-25.3 m, we determined in the

laboratory the contents of the indicated elements in ores and in

mineralized peridotites and calculated empirical Q coefficients.

A comparison of values found on the basis of the CHIM results and

It follows that evaluation

I
I
I
I
I
I

the laboratory analysis

satisfactorily similar.

elements content on· the

realistic.

of the core indicates that they are

of the

basis of the CHIM data is quite

1 1

Fig. 7. Results of logging using the CHIM method (copper-nicKel
ores): 1) amphibolites, 2) biotite gneisses, 3) peridototites,
4) nicKel content: 1) 1%, 2) 0.5-1.0%, 3) >0.5%.

Key: 1) Depth in meters, 2) Geological column, 3) Quantity of
leached metal in mcg. 4) Interval of borehole, m, 5) Metal
content, %; 6) Chemoanalytical data; 7) TaKing coeffic1ent Q 1nto
account (according to the CHIM method).
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The sound principles of the CHIM method and the successful

experience at applying the method offer several possibilities of

using the chemical leaching for exploration and for economic

geology. Deep-seated ore deposits covered with unconsolidated

overburden up to i00,m in thickness can be detected by using the

'aureole' version of the CHIM method. It is also possible to

discover zones of mineralization through transported overburden.

In the logging version, the CHI~ method permits to determine the

downhole distribution of elements and to determine the grade in

certain beds of interest. In principle, it is possible to

leach metals directly from deep ores. This problem is still

in the initial stage of investigation.

12
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EXPERIENCE OF ANALYSIS OF O~IM SAMPLES FOR GOLD

G. P. Fedorova, G. F. Vasilkova, A. Yu. Semova

The succcssful application of the CUlM method in the aureole

version for exploration of deep-seated gold deposits is dependent

to a significant degree upon the effectiveness and quality of

analyzing the field samples. The difficulties which arise in

this regard are due to the small quantity of gold in the rocks

and ores. This resul t8 in interference effects from other

clements extracted together wiLh the gold. Several techniques

have been developed to overcome the problem.

The primary Lype of analysis for CIlIM samples is ri 1m

polarography with accumulation [I) providing for a low detection

limit. In order to record peaks involving nanogram quantities

of gold, one can select polarography regimes and appropriate

bnckgrounds allowing as low as &.&&1 microgram of gold in the

referencc solution to be registered. The dependence of the

height of the gold pcak upon the concentration of gold in a pure

solution without Lhe presencc of interferring elements is shown

in Fig. 1. The polarographic background was &.1 N hydrochloric

acid of chemical purity. The potential of the gold solution was

+&.85 V.

The graphs shown were obtained under maximally pure

conditions for analysis. It follows from the graphs that

polarography witl) accumulation can be used to determine gold in

quantities of &.&&1-&.&&3 micrograms. When interferring compon

ents nre present in actunl CHIM samples, how·ever, the practical

.limlt for gold detcction can be found only after investigating

the influence of extraneous elements on the results of the gold

determination. We chose to study heavy metals in this regard,

since they are most likely to be present in solutions of CHIM

1
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samples and most likely to have an effect upon gold

determination. The studies showed that the widths and amplitudes

of thc maxima associated with gold-dissolving electric currents

"'hen the gold concentration is &.&1 microgram are unaltered in

the presence of 1 microgram of Pb, &.5 micrograms of Fe, &.6

micrograms of "g, &.5 micrograms of Ag, &.&5 micrograms of As,

&.&2 micrograms of Sb, and &.&1 micrograms of Cu in 1 ml of

solution. An increase in the concentration of each of the

elements mentioned leads to a decrease in the heights of the

polarographic maxima associatp.d with gold-dissolving currents.

Within CHIM samples, the actual concentrations of the elements

mentioned arc substantially higher than those presented. It is

necessary, in this connection, to carry out a selective

separation of gold from other elements interferring with the gold

determination.

• Fig. 1. Diagram of the height of the gold peak versus the

concentration of gold in the solution: settling potential

(If. l- &.7 V, the scanning rate for the potential (V'f )- 1.5

V/mill, the settling time ( Tp.eo ): a) Tpree -·5 min.,

b) Tpr •• - 1& min, c) Tpre. - 15 min.
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It is well known that natural organic complexes with gold

337105

An evaluation of the quality of the extraction is carried

out with the use of mixtures of iron and gold solutions with

these reagents. When the extraction is done using ethyl acetate,

When the

It should be

arc simpler compounds than arc complexes with artificial organic

extractants [ 3] . In view of the fact that natural organic

compounds, gold itself and inorganic gold complexes, are

extracted by the electrical currents into solution of element-

traces of iron can be detected in the extract •

significant quantities of admixture elements.

receivers, it is necessary to treat the samples prior to chemical

analysis so that the gold extracted in the form of natural

or~anic compounds will not bc lost. For this purpose, one must

break down the compounds and convert them to simple ions by

treating the samples with concentrated hydrogen peroxide.

Several examples of detection of gold in natural organic

compounds after treating the samples with hydrogen peroxide are

shown in TABLE I. Adjustments insuring optimal conditions for

oxidation are mnde first •

noted that extraction by organic reagents, besides removing

intcrferring impllrities, also allows one to concentrate the gold

to a smaller degree, thereby improving the sensitivity of the

analysis.

extraction is done using DDS, iron cannot be detected. Ethyl

acetate is more suitable in the operation; it is inexpensive and

has no disagreeable orlor. It is therefore convenient to use

ethyl acetate when smull quanti ties of impuri ties are involved

and to use DBS for the extraction when the samples contain

One of the most simple and effective means of removing

impurities is extraction of the gold by organic reagents. Gold

is most completely and most selectively separated from other

elements by dibutyl sulfide (DnS) and is separated somewhat less

well by the ethyl ether of acetic acid (ethyl acetate) •.
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&,&3&

&,&35

&

&

&

&,&5&

&,&6&

0,05&

til

til

&

___________-"-A=moun t 0 f F!.o",-,-I"'d...,-'m"""c..g>-- _

______,S~a"'m"'_p"'_'_I"'e'---'1'-- -'S"'a,.m"""p"'I"'e'-'2"-_

~~t treatment after treatment wlout after treatment

Determination of Gold without Oxidation and with

Preliminary Oxidation by Hydrogen Peroxide

nation

Fir>;t

Second

Third

Determi-

It follow>; from the table that a treatment of the samples

with hydrogen peroxide satisfactorilY breaks down the natural

organic compounds of gold and allows one to avoid a loss of gold

during analysis of CHIM samples.

The use of extraction for the removal of impurities and the

concentration of gold lead to the necessity of breaking down the

artificial organic complex containing the gold and converting

it to a background solution for polarography. Several variants

of the decomposition process have been tested [2]. To keep the

gold from escaping during the treatment and at the same time to

oxidize it completely to the trivalent state, the organic layer

was concentrated by evaporation with the addition of sodium

chloride ufter the extraction. The dry sediment was treated

with a mixture of hydrochloric and nitric acids in a 3:1 ratio

'with the addition of 3til% hydrogen peroxide. Nitric oxides which

would interfere with the polarography are removed by a further

addition of concentrated hydrochloric a.cid tWice. The

polarographic analysis itself is carried out in a deci-normalized

solution of hydrochloric acid.
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The procedure for analyzing CHIM samples for gold:

When performing the extraction with ethyl acetate, the

337107

sample is

4. To the dry reHiduc in the hot beaker, &,5 - 1,5 ml of a

mixture IICI:HNO. = 3:1 (freshly prepared) is added alonr with 3

drops of 3&% hydroren perOXide.

3. The organic phase is placed in a thermostable beaker,

3 drops of a 2% solution of sodium chloride is added, nnd the

mixture is evaporated to dryness in a water bath.

When doing the extraction with dibutyl sulfide (DBS), 1& ml

of concentrated HCI is added to the funnel; the mixture is then

diluted to 1&& ml with water. Next, 3 ml of a &.! molar solution

of DBS in toluene (freshly prepared) is added and extraction is

allowed to proceed for 3 min. An additional 3 ml of DDS is added

after the extraction and the solution is mixed. The aqueous

layer is poured off and the organic layer is washed twice with 5&

ml of &.! N HCl for 1 min each time.

2. When cooled to room temperature. the

quantitatively transferred to a separatory funnel.

In the case of extraction with ethyl acetate,S ml of

concentrated HCI and 1& ml of ethyl acetate are added and the

extraction is nllowed to proceed fOr I min. The aqueous layer is

discarded, but the organic phase is washed with 1& ml of &.1 N

hydrochloric acid for 3& sec.

1. The volume of the sample is measured. The sample is

evaporated in a thermostable beaker until the volume reaches

1&-2& mi. Durin~ the evaporation, 5 ml of 3&% hydrogen peroxide

is added.
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mixture obtained is evaporated in a water bath to the point

of moist salts. To these salts, &.5 ml of concentrated HCI is

added, and the sample is evaporated to dryness. The operation is

repeated twice.

When performing extractions using dibutyl sulfide, the

mixture is evaporatep to dryness. The samples are then treated

twice hy adding I mJ of concentrated IICI each time, and the

samples are evaporated to dryness.

5. The residue obtained is flooded with the polarographic

hackground (2 ml of &.1 N HCI), cooled, transferred to an

electrolytic cell and subjected to polarography.

6. The polarographic determination is conducted in two

regimes:

- sedimentation (settling ) time 1& or 15 min, depending

upon the anticipated gold content;

- sedimentation ( settling )potential &.7 Vj

- rate of scanning of potential 1.6 V/min;

- limit of current recorded 2 meA.

The working electrode (graphite) is cleaned mechanically

prior to each analysis. AuxilIary and reference electrodes are

s i 1ve r ch I0 ri de .

Thc gold peak is fixed at +&.n5 V.

7. Th~ gold content is located on a calibration graph that

shows how the height. of the peak changes depending upon the gold

content in the solution.

6
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Reproducibility of Repeated Observations Using the CHIM Method

(Au in the sample volume, meg)

In order to construct the graph, a CHIM sample known not to

conLain gold is brought from the area being studied, reference

~olutions with known gold contents are added to it, and the

&,&611

11,1411

&,165

3

&,&-1&

&,&411

&,&75

&,&911

&,&5&

&,11911

2

&,&32

ll,fHl5

&,&25

Q,QQ5

Q,&28

&,&12

&,&3&

&,&16

&,&14

&,&&6

& ,IH 7

&,&1&

&,&2&

&,&&9

Determinations

1

&,&35

1l,IlSB

&,11911

Q,&8&

&,&4&

11,1175

&,&21

&,&&5

&,&3&

11,11117

11,11111

&,&3&

&,&2&

&,&15

&,&12

&,&&5

&,&18

&,&15

&,&12

&,&&7

7

Yakutiya

Area 2

Uzbekistan

Rudnyi AI tai

Area 1

areas

Regions
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mixtures are carried through the entire course of the analysis.

8. In order to avoid errors arising from contamination of

the reagents used, analysis of 0. "blank" sample is performed

first. Distilled water serves o.s a basis for the sample. The

reagents to be used arc added in the sequence provided for by

the course of the analysis.

The correctness of the proposed methodology was verified

during the analysis of actuo.l samples using the method of

additions. The relative standard deviation did not exceed 3&%

over the entire range (&.&&5-&.1 meg) of gold contents studied.

The reproducibility associated with repeated observations,

including electrochemical extraction of gold along parallel

profiles sepo.rated from one another by 3-5 m, is presented in

TABLE 2.

The tahle shows that the error associated with the major

portion of repeated observo.tions under otherwise identical

eondilions in different regions did not exceed 4&% (the deviation

was more tl,an 1&&% at individual points). The discrepancies are

related either to departures from the analytical methodology

or to errors o.ssociated with geochemical leaching. For

conditions meeting the requirements for the analysis and the

leaching of elements, the error for repeated observo.tions was

within a few tens of percents and provided satisfactory

delineation of gold-bearing ~ones.
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THE MOVEMENT OF IONS IN ROCKS UNDER

TilE INFLUENCE OF AN ELECTRICAL CURRENT (Part II)

M. A. Alekseycva

The features of ion movements within the liquid phase which

we discussed in Part I were confirmed by subsequent study of

moist ro<:k environments. As a model in the investigation, we

used qunrtz sand &.14-IL25 mm in diameter. The sand was

moistened by ~.&&~1-4 N. solutions of potassium chloride at

moisture W from totnJ moisture capacity W -19% to W -2.3%. The

methodology of the investigations was the same as used in Part I.

The experiments were conducted in heat-proof cuvettes

mnde from transpnrent organic ~lass. The cuvettes were 5-22 cm

long, 2 em wide and 2.5 cm tall. The prepared sand with a set

moisture and KCl concentration was loaded in the cuvette. A

direct electrienJ current was passed through the sand with the

aid of platinum electrodes glued to the butt-ends of the

curvette. Th~ current density was maintained at constant

j = &.5 mA/cm' in all of the experiments. At a concentration of

pore solutio!l C ~ In., the electric field strength E was measured

on a V2-II microvoltmctcr. In the remaining cases, it was

measured on lJ, VK7-3 with input resistances of 3&& and 1 MOhm

rel'Opcctively. The specific rel'Oil'Otivity of the medium was9= E/j.

In order to churneterize the velocities of the ions I1~O' and Oll-,

their movements over a period of time t were measured. The

mobi Ii ty of the ions U was determined in terms of their

velocities V (V=l/t), U = VIE. The movement of H.O· and Oil­

ions wns recorded by the shift of the color boundaries from the

electrodes (where the above mentioned ions are being recreated at

a constant rute j = const) to the center of the cuvette. In

order to observe the shifts of H.O· and OH- ions, a universal
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pH indicator was added to the electrolyte solution which

mo i s tened the sand. Created at the anode H.O· ions, interac t ing

with the indicator, colored the sand red, while OR- ions created

at the cathode colored the sand violet and green. The positions

of the color boundaries. were noted at various times during the

course of the experiment with the aid of scaled grid on the walls

and lid of the cuvette. So that dilution of the pore solution at

low moisture would not occur when the indicator was added, the

innicator wns first adden to the sand in the quantity needed;

then, afler mixing and also nuring periodic remixings, the sand

is dried in a thermostat at t ~ 6&0 C. The required quantity of

potassium chloride was added to the cooled sand. After a

ten-minute remixing, the sand was loaded to the cuvette in small

portions and lamped down. At the end of the experiment, several

samples of sann were taken from the cuvette for a precise

determination of the moisture at which the experiment was

conducled. The difficulties associated with preparing a medium

with a uniform moisture did not allow us to carry out experiments

al moistures < 2%.

In a series of investigations, the rate of movement of the

color boundary caused by differences in concentration of H.O· and

OJl- ions on both sides of the boundary was measured immediately

after the current was switched orr: VM = IM/tM, wnere 1M is the

length that the ions travel over a period of time tM from the

moment the current is switched orf, and VM is the rate of

diffusion of H.O' and Oll- ions without current (this

characterizes th.. component of their movement due to diffusion

during passa~~ of the current). Values for VM amount to several

p~rcent of the total rate or movement of ions in the case of &.1

" KCl. These values did not exceed 2&-3&% at the highest

concentralion of KCl used, -~n.

The processes taking place in the sand, both during the

action of current and without current, are significantly more
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the streams of H.O' and OH- ions moving toward each other occupy

the whole cross-scction of thc cuvette. At potassium chloride

concentrations higher than lloGG! N, they separate into layers

As pointed out previously [ 1) , the stI'ucture associated wi th

ion movement when u s ingl e liquid phase is involved is different

whcn th(; concentration of dissolved salt is more or less thlln

G.GG] N. To be precise, at concentrations of KCI up to G.GGl N,

the flow structure, the variation in their velocities change with

increasing concentration of Kel, and at the same time the

mobi J i ty of thc H.O· and OB- ions increases (Fig. 1). In the

moist sand within the studied range of moisture between 2.3 - 19%

at KCI concentrations of G.G&05-4 N., significant stratification

was not observed. Nevertheless, variation in the velocities of

the flows did occur, as did increases in the mobilities of the

ions.

of hydrogen ions

With a shil't in

top and the flow

flow of II.O'.

with the flow of 11.0' moving on

moving beneath, underneath the

complex than in the case of a single liquid phase [1}. To the

processes taking place in the solution itself, we must add the

processes associated with the interaction of the solid and

liquid phases. These processes lead to the formation of a double

electrical layer at tQe phase boundary, a change in the overall

given concentration of electrolyte and changes in concentration

within pores at various distances from the solid phase, the

solution of the solid phase under the influence of the current,

thc transformation of thc double layers as a result of the

solution process, thc participation of the pH-indicator in their

formation, ctc.
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U.1fV,IfEA' £0""". . ,.
10 10 10 10'

IIi' 10" 10" 10'

10; 105 laJ 10(-----=----;:-;::------:;----~---:>....._;,;;;r
0,0001 0,001 0,01 0,/ I,D 10,0 C.H,

Fig. 1. Dependence of the solution resistivity .p, electric

field strength E, the velocity V, and the mobility of the ions U

upon the concentration of KCl in the solution: x - E; • -.1'; e ­
VH:lOt; .... _ VCII-; ,_ UH3040; * _ U0lt-.

As can be seen on figures 2, 3, and 4, the specific

resistivity of the moist sand and the electric field strength
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fall with increasing concentrations of potassium chloride when

337116

decrease slows down when the concentration of KCI rises above

&.&1-1.& N. but the mobility of 1130' and OU- increases. The

increase in mobility i~ greatest at KCl concentrations greater

The

This

resistivity andspecific

and increasing concentrations of

decreasing

passing through is held constant.

H,O' and OH- ions decreases also.

For a sand moisture of 19% (Fig. 2), the

strengthfield

In accordance with the change in the rates of movement of

H,O' and OH- ions, their mobility changes in an analogous fashion

by an order of magn i tude. The mobilities of these ions are an

order of magnitude less in sand than in solution and increase

most sharply witl, increases in the concentration of KCI beginning

at 1 N. It is important to note that the mobilities of H,O' and

OH- ions at high KCl concentrations in sand exceed mobilities

at low KCl concentrations in unrestricted solution.

than &.1-1.& N.

potassium chloride can be represented by straight lines on a

hilogarithmic scale. Slopes of the lines coincide with those for

a sinlile liquid phase. Values of .p and E, however, are

approximately 5 times higher in the sand than in the free KCI

solution. The velocities of H,O' and OH- ions, on the other

hand, are lower in sand than in a unitary liquid phase. The

decrease in the velocity during the transition from solution to

sand varies at various concentrations of KCl, but exceeds an

order of magnitude on an average. In the range of KCI

concentrations from &.&&&5-&.1 N, the velocity falls more sharply

than within the range of KCl concentrations from &.1-4.& N. The

change in the velocities of H,O' and 011- ions within the range of

low KCl concentrations occurs under a different slope. The curves

of variation V on the one side and variation of J' and E on the

other do not parallel one another as was observed in the

unrestricted solution of potassium chloride.

relationships between

electric

the density of current

rate of movement of

I
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At a 1\.5% sand moisture (Fig. 3) , the specific

resistivity and electric field strength increase more compare to

J and E in solution and sand under VI = 19%. The increase of

and E at W = 1\.5% is -3.5 orders of magnitude greater in

relation to that for sand at VI = 19%. The curves of specific

r~sistivity and electric field strength change in slope with

changing concentrations of potassium chloride. The slopes become

more gentle. The slopes of the curves for jD and E change

positively. The dependencies discussed have a "linear character

only up to a KCI concentration C = 1 N. At higher concentrations

of 19.2%:

x - Ej • -p j 0 - VH'O.; 0 - U".O.;' - UOH-; U is calculated

according to the formula Y-VM/E.

~'
10' 10" rjJ IDo!'~---::,=:-----:7.""----:-;-----;':;;-_"":""_-;;--/

O,IXXJI 0.001 0.01 0./ /.0 10 C,.. () ,"~\. ..

Fig. 2. Dependence of the specific resistivity p, the electric

field strength E, the velocity V, and the mobility of the ions U
upon the concentration of KCl - liquid phase at a sand moisture

10" 10' 10' ler
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at high

generally

,

With increasing KCI

and E have similar

slows abruptly

the other hand,

•
-.-------==-=.------~-_ ... -

decrease in velocity

The mobility, on

10' 10" II? Hi

concentrations.

slopes. The

~ncreases hy a factor of approximately two.

concentrations (still less than 1 NI, V,

increases with an increase in KCI concentration. The increase is

337118

In contrast to .p and E, the rate of movement of H.O' and

OR- ions does not decrease with decreasing sand moisturej it

, .,fiT-lOS 10J l'a.a:'-'-__~ ....... ~-:-- ~

0,0001 0.001 0,01 0.1 1,0 10 C," C, 6-) .
Fig. 3. Dependence of the specific resistivity of the solution,

the electric ficld strength E, the velocity V, and the mobility

of the ions U upon the concentration of KCI - liquid phase at a

sand moisture of 4.5%: x - Ej • - 9 j e - VW'O, j _ - vow- j J.-

U"'O,; * UOW-j U is calculated a~cording to the formula

V-V.. /E.

of potassium chloride, the negative slope increases and becomes

approximately the same as in the unrestricted solution and in

sand with W = 19%.

u,lfwn~ P,c.,cu
la' 10' JtI 10'
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specific resistivity and electric field strength become higher

concentrations, and the slopes are more positive than at W =

= 19%. At

331'119

in sand vith

Ho....ever. the values of

The mobilities

in sand vi th It(

velocities of the hydroxonium and

the transition from solution to

identically at different moisture

love r than

lover sand moisture of 2.3% (Fig. 4). the

At KCI concentrations >2.& N, the slopes of the

At a still

4 • 5%.

mobilities in sand .... ith W = 4.5%.

s~lution to moist sands. The

hydroxyl Ions drop sharply .... ith

sands, but drop more or less

levels. At each value of moisture, the values of P. E. and V

decrease .... ith Increasing KCI concentration. but the mobilities of

the H,O' and OR- ions increase. Values of'p and E in unrestricted

From a comparison of the results obt~ined. it is evident

that the specific resistiVity and electric field strength (at

constant j) increase during the transition from unrestricted

U increase .... ith increasing KCI concentrations and increase

most sharply beginning at KCI concentrations of 2.6 N.

dependences under discussion hecome more negative and approximate

the slope values in an unrestricted solution and in sand with W =

The velocities of H.O· and Oll- ions at W = 2.5% practically

coincide .... ith those for sand at W = 4.5%. Until they flatten

out. the slopes of the curves for V on a' bilogarithmic scale are

similar to the slopes of the curves for p andE. The changes in

the slopes occur at a KCI concentration of 2.& N. The mobilities

of the ions under investigation are 1.5-2 times less than the

than at W = 4.5%. Ho ....ever. the increases in .p and E are

insignificant, 1.5-2-fold. The dependences of jJ and E upon C

have a linear character in the &.&&5-2 N range of KC]

most marked starting at

W = 4.5% are 5-1& times

C = 4 N. never the less. the mobility of H,O. reaches a value

similar to the value of U in dilute unrestricted soltitions.
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of the solution

and mobility of

phase at a sand

•

; a - VH:a 0 +; ..., _ VO H .; • _ UH::I 0 • ;

•

the degree of decrease is less than in sands

)
,...

1"('0 ... ~ I~;..- '

Dependence of the specific resistivity

electric field strength E, velocity V,

upon thc concentration of KCl - liquid

If! 10~ 10' 10;;-'---"7:=-----;:-::::------:;::-----~----~-,
O,OOOf D,OO( 0,07 0,' f,O 10 C." c ,E:~

.. ., ., J
10 10 10 10

* - U'H.; ---- U is calculated according to the formula V-VH/E.

moisture of 2.3": x - Ej • -

Fig. 4.

9, the

ions U

low concentrations,

at W = 4.5% and 2.3".

solution and in sand at W = 19 " decrease identically "'ith

increasing concentrations of potassium chloride, but the

decreases in p and F- are different in regions of KCI

concentration greater than or less than 1-2 N. At high

concentrations, the de-gree of decrease of p and E is the same

as in unrestricted solution and in sand at W =

I
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represented by the Collowing empirical formulas:
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the decrease in V, then there is noto,

in sands wi lh low Cx c I : in sand!'! wi th high CI C I :

UH30+= 18,0 * 1&-' * C' I 2 C ; UH.O·= 75 * 1&- • * C'"
W=19%

Uo II " = 1&,9 * 1& -. * CI • 2 .; UOH- = 5,26 * 1&-' * C····

UH30+: 2 * 1&- • * C' . 1 1 ; UH.O'= 1,43 * 1&-' * C I •••

1<1=4,5%
UOH" = &,97 * 1& -. * C' , 1 , ; UOH - = &,43 * 1&-' * ell 5.

UII' = &,63 * 1&-' * C' I • It ; UH.O'= &,35 * 1& -. * el, 1,
1<1=2,3%

VOH" = &,36 * 1&-' * C' . • • . UOIl- = &,24 * 1&- • * C 1 , : I,

The mobilities oC H.O' and OR- ions di Cfer, just as the

velocities do, in areas of low and high KCI concentrations. The

abrupt increase in mobility begins at higher KCI concentrations

and lower sand moistures. The dependence of U upon C can be

but not proportional

In unrestricted solution and -in ~oist sands, the decrease in

the rate of movement of H.O' and Oll- as a function of C can be

divided into two parts. At KCI concentrations C< &.1-2.& N, the

degree of decrease is greater than at C >&.1-2.& N. Levels of

concenlrations at which there are changes associated with

the decrease in rate of Ion movement increase with decreasing

moisture of the sand, In the part of low potassium chloride

concentrations, il is also true that the degree of decrease of

V with an increase of C in moist sands is less than in

unreslricled solution and is independent of the amount of

moisture. The degree og decrease in p and E approaches this

degree of decrease in sands with molstures oC 4.5 and 2.3%. If

the increase of jO and E at the transition Crom unrestricted

solution to sands wilh total moislure content is correlated wilh,

clear correlation between the Increases of p and E, on the one

hand, and increases in the velocities of H.O' and OH- On the

other.
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Decrease in the mobilities of the hydroxonium and hydroxyl

ions with decreasing sand moisture occurs to a less degree than

the increase in p and E and the decrease in V. For &.1 N Kel,

the dependence U-W was investigated in more detail for W = 2.3,

4.5, 8.5, 11.2, 14, and 19 weight-percent. On a bilogarithmic

scale, the mobilities of the ions investigated form straight

lines (Fig. 5) as a function of Wand ean be calculated according

to the formula U = KW~.

The empirical formulas obtained have the form:

UII 3 o' = 1, 1 * 1& - s * W1 0 • cm' /V* c ; U0 H • = &, 62* 1& - s *w 1 • • cm' /V* c

Taking into account the changes in velocity and mobility of

H,O' and Oll- obtained, the specific resistivity and electric

field strength at transitions from unrestricted solution to

sands of various moistures and pore-solution concentrations, one

can make several assumptions concerning the mechanisms of ion

movement in porous media.

The sharp decrease in the velocities of H30' and OH- at the

transition from unrestricted solution to moist sands when there

are significant increases of P and E indicates that an increase

in the length of movement for ions in sands as compared to

solutions has a substantial effect upon the mobilities and

velocities of the ions. Since sands of the same fraction were

used in the experiments, the increase in the length of travel at

the transition from solutions to sands is greater than at a

transition between sands of differing moisture. Probably, the

rates of movement of ions in sands vary insignificantly with

n)terations in moisture and decrease sharply at the transition

from solutions to sands. In addition, the specific resistivity

increases with decreasing W, since not only the mobilities of the

ions have effects on .p but also the masses of the ions, which

decrease with lowering of the moisture.

1 I
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In areas of low but increasing KCI concentrations, the

change in the slopes of curves for l' and E on a bilogarithmic

scale toward the decrease of negative slope and the change in the

slope for the velocity of the ions, and also the approximation of

the slope values at high KCl concentrations to its values in an

unrestricted solution indicate the influence of an additional

effect increasing the ·velocity and decreasing the specific

resistivity. This is possibly a result of the influence of

surface conductance. As is well known [3), the contribution of

the surface conductance to the total conductance decreases with

increasing concentration of pore solutions; this takes place at

high C values. Thus, the rate of movement of ions in the areas

of low concentrations of pore solutions is the sum of a component

dependent upon the electric field strength and a component

associated with the surface conductance.

For unrestricted solutions of KCl, it was demonstrated [lJ

that the motion of hydroxonium and hydroxyl ions in dilute

solutions is primarily determined by the electric field strength

and, at C >&.~&l N, by the hydrodynamic flows of the fluid caused

by the electrochemical processes at the electrodes. The division

associated with the changes in rate of movement of H,O' and OH­

ions as a function of KCl concentration into parts in the areas

associated with high and low concentrations (a partitioning

observed in unrestricted solution and in moist sands) indicates

the possible role of a hydrodynamic factor. This factor is

apparently also present in the porous media, exerting a more

significant effect upon the motion of ions at high concentrations

of the liquid phase.

Besides the increases mentioned above, there are probably

also increases in the intrinsic electrical mobilities of H,O' and

OH- ions with increasing concentrations of pore solution. For

unrestricted solutions in the absence of convection, decreases in

the mobilities of H', Li', K', OH", Cl- and other ions by -2&%

12



13

~----:---:--""-;--;---;-~.:-;,;;-.-------:ou. ~M",. ~ _T ?~

13.

I .•go.,

''). : . .' ,;
I. 1 r , .. . "': .

Fig. 5. Dependence of the mobility of ions U in sand with

a &.1 n. KCl solution upon moisture W: x _ UOH.;. _ UHOO'.

are noticeable as the concentration increases from &.&&1 to &.1

N. With further increases in concentration from &.1 N to 1 N,

increases in mobility by -2&% occur (5). For porous systems,

some data hav~ been presented concerning the increases of

mobility of K', Cu', and other ions when the concentration ·of the

liquid phase increases !2, 8, 9). One should also note the

reference of Malerbi (6) to Maneke and Bonkhover, who obtained an

increase of electrical conductance in ion-exchange membranes at

the transi tion from &.1 N solutions of KCI to 1 N solutions •. The

majorily of researchers believe that ions move in a double layer

"d th veloci ties less or equal to those in an unrestricted

solution (7). However, the hypothesis has been put forward that

mobililies of ions in a double layer could be greater than in

tIle unreslricled portion of the pore solution because of the

presence of a regulated structure associated with the solution

[4]. In the opinion of the author, this is also possible.
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The total mobility of ions recorded in the pore solution is

a result of the simultaneous effect of many factors and several

mechanisms. Practical application of the higher mobility. of the

ions requires the development of special instruments for

differential recording of their movements and also further

investigation of Lhe mechanism~ behind the transport of ions in

porous media.
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EXPERIENCE OF FINDING GOLD DEPOSITS

IN WESTERN UZBEKISTAN USING THE CHIM METHOD

A. A. Veikher, A. A. Tazeev.

V. A. Gorbunov and A. I. Mernenko

Successful application of the CHIM method for discovery of

covered polymetalliC deposits in different regions of the USSR

has led to the use of the method in exploration for gold deposits

in Uzbekistan. The challenge to directly detect gold mineraliza­

tion buried at appreciable depths increases in this region every

year. The existing exploration methodology which consists of a

combination of geophysical, geochemical, and geological methods

an~ also drilling, becomes ever more expensive and labor­

intensive with increasing depth of drilling. This expense

is due to the following: 1l the need to replace surface soil

sampling with deep lithogeochemical methods; 2) increased

number of boreholes needed to be drilled to test geophysical

anomalies verified by soil sampling and 3) use of in-hole

geophysical methods at sites where surface methods are not

capable of reaching the necessary depth. Under these conditions,

it has b~come attractive to test the CHIM method since it allOWS

to find covered ore deposits under unconsolidated alluvium more

than 100-m thick during surface investigations.

It is difficult to use any new method. In addition, gold

values in orebodies and geochemical anomalies are low in

comparison to the contents of base metals in the same rocks. This

-requires special techniques for gold enrichment at the CHIM

element-receivers and also the use of specific analytical

methods for detecting the gold in the samples. All this is

complicated by comparatively low sulfide content in the known

gold deposits of Western Uzbekistan which are represented

primarily by free gold disseminated in quartz-rich rocks. Such

deposits provide very small quantities of gold in the mobile,
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water-soluble forms in which it can be leached by the CHIM

method.

Another important feature for the field testing of the CHIM

method in UZbekistan is the abrupt change in moisture of the

near-surface ground layer Cit becomes very dry in the summer

months) where the element-receivers CERs) are set up. Fig. 1

shows that the specific resistivity of the soil from April to

October in i977 varied over an order of magnitude. This

variation reflects the changes with respect to soil moisture and

quantities of chemical elements in water-soluble forms in summer

relative to the quantities of such elements in spring and fall.

It is evident that these changes should be taken into

consideration during the field work using the CHIM method.

f• .0-. .•

/6lJD

Fig. ,. Change in the specific resistivity of the soil with the

,seasons. 1977.

During the first stage of our CHIM survey, the possibilities

for leaching gold in sufficient quantities for analysis were

clarified and a correlation between zones of anomalously high

gold leaching and known gold mineralizations. Operations were

carried out at one of the known ore fields of Western UZbeKistan,
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Taking into account our experience with the CHIM method in

tracing gold veins at Rudnyi Altai Mountains, we used

element-receivers with membrane areas of 4~ cm~ allowing

leaching to be carried out in a high-power regime of current:

4~~-6~~ mA through ea~h element-receiver. Other measures were

employed to decrease the resistivity of the total power circuit.

In particular, the auxillary power ground (anode) was flushed

with 1.5-2 m3 of water each day and carefully inspected for the

presence of noticeably evaporating solution on the ER. In order

to compensate for the evaporation on the ER, a portion of the

solution was added periodically (after 5 hours). The shallow

holes where the ERs were set up were carefully loosened and

moistened with distilled water.

Investigations using the CHIM method were carried out at the

first area in the middle of June. During the f1rst days of the

survey, the temperature was 25-3~oC. The temperature then

increased regularly; the original specific resistivity of

the soil at 100-200 Ohm increased to hundreds and thousands of

Ohm.

The results of the observations of gold-leaching during the

first 10 hours and the next 1~-20 hours along the first of the

profiles (Fig. 2) indicate that the gold vein and the country

rock adjacent to it could be satisfactorily delineated by

anomalies of ~,03-0.04 mcg of leached gold relative to a

background of 0.01 mcg during both tests. The leaching of

gold differed at individual points, but anomalies generally

coincided in space. The same situation was observed along

other profiles. Graphs of CHIM constructed on the basis of

the data of the first test are presented below.

Sampling repeated along a profile with an offset of 5 m

from the first are shown in Fig. 3. From Fig. 3, it is evident

that anomaly above the ore body was detected here at the same
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sampled in the late spring when the summer had just begun. The

second profile was sampled when the hot summer had arrived. It

is possible that it were these circumstances which brought about

the change in the dimensions of the anomaly. Other causes are

possible. Unfortunately, a profile was not completed during the

third phase, the period of complete dryness. The need for such

observations became apparent later, after measurements were

carried out along other profiles and in other areas.

The decreases in the intensities of the anomaly and the

bacKground during the leaching of gold along Profile 2 relative

to intensities along Profile 1 indicate that the cause is of a

general character: a significant decrease in humidity. Features

of the leaching due to changes in the gold content with1n the

mineralization, for example, did not have a significant effect

upon the change in the intensity of leaching, since they affected

the anomaly and the background to more of less equal degrees.

A second profile offset from the first by 80 m was sampled

at a still drier time than Profile i. Fig. 4 shows that the

orebody was satisfactorily identified by gOld CHIM anomaly. Its

character is similar to that observed on the parallel Profile i.

Repeated observations along profiles 2 and 2'. separated from

one another by approximately 3 m, yielded the same correlation.

However, it is necessary to note that the intensities of the

anomaly and background decreased for Profile 2 in comparison to

Profile i, becoming 0.0i-0.15 meg and 0.0025 meg respectively.

In other words, the quantity of leached gold decreased by a

factor of approximately 3·4 in more or less identical fashion

both in the anomaly and in the bacKground. The latter decrease.

by the way, requires special investigation.

Profile 2. the

lesser intensit)

the intens1ty 01

On Profile 3, 100 m to the west of

gold-leaching anomaly presented in Fig. 5 has a

than the ones along profiles i and 2. Moreover,
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gold-leaching in areas of the profile with host rock remained

the same as for Profile 2. This demonstrates that there are

differences in the ore-grade and style of the mineraliration and

between these two profiles, and they caused the decrease in the

intensity of the anomaly. Actually, Profile 3 was located at the

marginal portion of the vein, where the gold content is less than

in the vein's central portion and where the th1ckness of the

cover is somewhat greater than over profiles i and 2, reaching

6-7 m, and, locally, i0 m.

___...... a....

Evaluating the results of the CHIM method at the first area,

one can see that an ore body in the form of a quartz-gold vein

can be satisfactorily delineated by the new method when using a

high-power regime for leaching the gold (400-600 mA for an ER

membrane area equalling 40 cm 2 ). Climatic conditions lowering

the quantity of gold leached during times of dryness had a

SUbstantial effect upon the CHIM results. For CHIM anomalies to

be noticeable, it is necessary to leach the gold at high values

of the current strength. The effect of the climatic conditions

can be evaluated by their simultaneous effect upon the intensity

of the anomaly and the background. The fact that the changes

along the profiles are not identical indicates variations in

geological styles of the mineralization and its bedding.

Further surveys using the CHIM method were carried out

under conditions of low soil moisture in the area Of

unconsolidated alluvium several tens of meters thick at Area 2,

which is underla,n by sedimentary and volcanic sequences of the

'Lower Paleozoic age. Intrusive rocKs, represented by

granosyenites, syenites, granites, and syen1te-dior1tes, are

common in the area. Uuconcolidated deposits of .Neogene­

Quarternary age in the form of loesses and loess-liKe loams lie

on an eroded surface of Paleozic rocks or on Lower Quarternary

conglomerates. The thicKness of the unconsolidated deposits
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The th1ekness of the overburden of

amounts to approximately 20 m here.

Fig. 4. CHIM results at Area 1. Profile 2: 1) host roeks, 2) ore

body, 3) curve of gold extraction alOng the primary profile 2,

4) curve of gold extraction along the parallel profile offset

from the primary one by 3 m.

Several hundreds of meters from that profile, CHIM testing

was carried out along still another profile where the total depth

of occurrence of the gold-Quartz vein was approximately 40 m.

The deposit at this location was hidden under conglomerates 10-20

m thick and loesses of the same thickness. The reSUlts of the

tests, shown in Fig. 7, reflect a satisfactorily delineation of

••
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The results are presented in the form of two measurements along

the first profile and along a profile parallel to the first but

off-set by 3 m. The figure shows that the ore body makes a

sharp, contrasting anomaly of up to 0.04-0.06 mcg for a

background of 0.005 mcg. The background was eharacter1zed by a

single point in connection with the small thickness

(apprOXimately 2 m) of the Quartz-gold vein (the spacing of

observations was 10 m) but reprodueed well during repeated

samplings. In this case, the anomaly delineated for a thickness

of unconsolidated deposits equalling approximately 20 m is

similar to that delineated when the thiekness of sueh deposits

was several meters (Site i).
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dealing with sorting of anomalies of electrical conductivity

and consequent polarization which reSUlted in differentiation of

otherorzonespyritizedfromgOld

The experience gained facilitated projects

containing

non ao1d bear1na ~nnp~

soil moisture.

areas

The results of testing the CHIM method for discovery of

gold mineralization covered by unconsolidated rocks in Western

Uzbekistan, in pr1nciple, demonstrated a possibility for the use

of this method. During the course of testing, several techniques

were developed for conditions involving low or sharply varying

ThuS. electrochemical leaching of gold using the CHIM method

allows the discovering of gold objects covered by unconSOlidated

rocks tens of meters thick. Apparently, an approximately 40-m

depth of occurrence of gold veins does not constitute a limiting

depth for this method. Thus far, however, no veins have been

found at greater depths. It is necessary to note that the

thickness of the vein does not have a significant effect upon

the detection of anomalies. Veins With thicknesses of either 2

or 10 m can be delineated during surface observations us1ng the

CHIM method.

Fig. 5. CHIM results at Area i. Profile 3: 11 alluvium, 21 host

rocks, 3) ore body.
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Results of observations using the CHIM method at Site

Fig. 7. Results of observations using the CHIM method at Site 2.

2. Profile 1: i) loesses, 2) host rocks; curves of gold-leaching

on the first (4) and the parallel profile offset from the first

by3m(S).
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A. A. Veikher

GOLD EXPLORATION IN SOUTHERN YAKUTIYA

USING THE CHIM METHOD

The effectiveness of exploration could be increased by

method allowing for a direct delineation of gold-bearing veins

mineralized beds, and karsts in covered areas. The positiv

• results achieved in the exploration for gold deposits i

Kazakhstan and UZbekistan [l, 2] using the CHIM method present

promising opportunity to test the method's ,possibilities wit

respect to gold deposits of KuranaKhsKii and LebedinsKii types.

CHIM team of the Sixt
firm 'YaKutgeologiya'

by the
the

'This project was conducted
Geophysical Expedition of

Two types of gold deposits are common in Yakutiya: high

sulfide gold veins and the mineralized beds associated with them

(the Lebedinsky type), and gold-enriched weathered crusts,

often karst limestones hosting stratiform occurrences of gold

covered by unconsolidated overburden (the KuranaKh type).

Exploration for both types of deposits utilizes a combination of

many geophysical and geochemical methods together with geological

mapping and drilling {4]. Electrical methods are usuall)

included among the geophysical approaches when searching for thE

Lebedinsky type deposits. High-precision gravity surveys anc

magnetic surveys are used for targets of the Kuranakh type

Over areas with thin unconsolidated overburden (up to 2-3 m)

gold-oriented soil survey and other geochemical methods are usee

together with geophysics. With increasing thickness 01

overburden, however, surface geochemistry becomes ineffective

Geophysical methods, indirect as they are, generally leav

unanswered the Question of gold potential in areas of know

karsts with electro-conductive zones.
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Gold Dep?sits of the KuranaKh Type.

The district encompassing the group of gold deposits where

we carried out the test of the CHIM method is characterized

by the following principal geologic features. A thi.cK (up to

6~~ m) carbonate sequence of the Lower Cambrian age is exposed

over most of the djStrict. The carbonates rest on an Archean

crystalline basement. The carbonate rocks include

1nterstratification of dolomites, limestones, and calcareous

mudstones. A terrigeneous formation (up to i2~ m thicK) of

the Lower Jurassic age lies unconformably upon an eroded and

Karsted surface of the Lower Cambrian. The rocks are sandstones,

conglomerates, and silty shales. The post-Jurassic rocks are

Neogene-Quarternary in age and range from several meters to tens

of meters in thickness. Mezozoic magmatic rocks occur as

isolated dikes, small stocks, and quartz veins of subalKalic

composition. The dikes extend for hundreds to thousands of

meters and have thicknesses of several meters. A few 'sill-like"

intrusions confined to the zone of stratigraphic contact between

the Cambrian and the Jurassic.

The gold mineralization Occurs as metasomatic strata-bound

deposits of an essentially potassic feldspar and pyrite-quartz

composition formed as a result of hydrothermal replacement of thE

Lower Jurassic sandstones and the carbonate rocKs of the Lower

Cambrian. The Widespread weathering and oxidation almosi

completely changed the primary ores. In their present state

deposits of the KuranaKh type are products of weathering. Th

ore is represented by loose gold-bearing limestones of Kars

cavities.

The mineralized karst formations consist of gold-bearin

unconsolidated sand-Clay material and bigger fragments of primar

ore bodies - metasomatites. The linear zones of gold-bearin

Karst are confined to the stratigraphic contact between th
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rocks of the Lower Cambrian and the siliciclastic rocks cf the

Jurassic.

The age of the gold-bearing karst carbonates is accepted

approximately as Late Tertiary. The karst-forming process,

whiCh began at that time, continues into the present [3]. Karst

formation in limesto~es usually beg~ns at the footwall of

metasomatized limestones. Highly acidic groundwaters penetrating

the carbonate rocks from an oXidation zone of metasomatic rocks

lead to dissolution of carbonates. Closed karst cavities are

formed as a result. With increasing karst development, the roof

rocks cave in, oxidized gold-bearing metasomatites accumulate in

the karst cavities along with Jurassic sandstones and

conglomerates protected from erosion. Finally, the closed karst

cavities transforme into the open ones.

In closed karst cavities, gold occurs in the form of free

gold in the size fraction greater than ~.~i mm. The particles

of the gold are flaky dendritic or lumpy. Silver, copper,

lead, bismuth, iron, and arsenic are present as admixtures in

the gold. Aluminum, titanium, manganese, and other elements are

also present in small quantities. In the open karsts, some

particles of gold are greater than ~.~i mm, but some in the clay

fraction are less than ~.~1 mm. In the clay fraction, the total

content of gold is higher than in the coarser one. The presence

of gold in the fine fraction within the open karst cavities is

explained by the dissolution of the gold by ground waters during

the open-karst stage, with subsequent sorption by clay minerals.

Such gold can be present in ionic and colloidal states. In

addition to karst caVities, higher gold concentrations have

been noted in the soil directly above gold ore bodies where the

thickness of the unconsolidated overburden does not exceed i-2 m

in situations involving open karsts [4]. Soils above the closed

karst cavities do not contain high concentrations of gold. The

CHIM survey was carried out on those mineralized zones where the

3
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Fig. 1. The CHIM method results for deposits of the KuranaKh

type: 1) unconsolidated auarternary, 2) Lower Jurassic

sandstones, 3) dike-related and low grade gold mineralization,

4) gold orebodies.

.'
11

thicKness of overburden does not exceed -3-5 m. The extraction

was carried out at element-receivers with membrane areas of

4~ em'. Complications arose when setting up the element­

receivers in the soil. It turned out that the top layer of SOil,

with a depth of ~.1-~.3 m. has very high specific resistivity

(from 12.000 to 20.~~0 Ohm). Such a soil resistivity does not

permit the high-power regime necessary for gold extraction.

Therefore, the ERs were placed in a second, deeper layer (-~.5 m)

possessing a specific resistivity of 2~~-5~~ Ohm. These layers

can be distinguished visually: the lower layer is denser and

clay-rich compare to the upper, sandy layer. The necessary

high-power extraction regime was achieved when setting up the ERs

in the lower layer with lower resistivity: the electric field

strength in the vicinity of the ER is -2 V/cm at a current

strength of 3~~-4~~ mAo The extraction time is i~ hours. The

results of observations along one of the profiles are presented

in Fig. 1. On the graph, one can conditionally distinguish

several levels corresponding to different quantities of extracted

gold: 0.3-i.0 ppm, ~.1·0.3 ppm and> 0.i ppm. Maximum extraction

of gold <0.3-i.0 ppm) corresponds to the outcrop projections of

an ore bOdy to the surface. Less intense anomalies were

encountered above diKes containing anomalous gold.
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Fig. 2. The CHIM method results for deposits of the Lebedinsky

type (Site 1): 1) Ouarternary overburden, 2) limestones and

dolomites of the Lower Cambri~n, 3) gold-sulfide ore zone;

gold-extraction curves using the CHIM method: first (4) and

repeated (5, 6) observations.

Gold Deposits of the Lebedinsky Type.

337140

Rocks of the Archean basement are a part of the geological

structure of a district with the Lebedinskii type mineralization.

Limestones and dolomites of the Lower Jurassic concordantle

overlie the basement structure. The maximum thickness of the

carbonate sequence is 2~0 m. The structure of the area is

characterized by many high angle faults. The distribution and

occurence of the gold are primarily determined by elements of

high angle tectonics vertical fissure zones in combination

with stratabound zones of weakness. Ore bodies represented

by steeply dipping quartz-sulfide veins are hosted by the lower

Cambrian carbonates. Flat-lying ore bodies occur on several

levels. The lower horizon of commercial mineralization is the

footwall of the Cambrian limestones at the contact with the

crystalline basement. The mineralogy of the ore is quartz, base

metal sulphides, hematite and pyrite.

Thus, the CHIM method satisfactorily delineates the primary

ore body and dikes with gold contents either lower than in the

primary body or significantly higher than in the country rock.
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A cove~ed o~ebodY hosted in dolomites at 40 m was

successfully identified in a well studied part of the deposit

where the CHIM method was used. The gold was extracted into the

ERs with a memb~ane area of 40 em'. A high-power regime ensuring

the current st~ength through each ER of 300-400 mA and the

elect~ic field st~ength of 2V/cm was set. The extraction time was

10 hou~s. The resulti of the experiment p~esented on Fig. 2 show

that an elevated gold ext~action was obse~ved directly above the

subcrop p~ojection of the o~ebody onto the su~face. The w1dth of

the anomaly along the p~ofile was 60 m.

In o~de~ to evaluate the ~ep~oduc1bility of the

observations, repeated measu~ements we~e carried out along the

profiles which were offset parallel to the fi~st profile by 2 and

3 m. The extraction ~egimes were identical. Figure 2 shows that

anomalies are reproduced well with ~espect to width and position

on the p~ofile but not with respect to gold levels. In general,

the results of the obse~vations show that it is possible to

identify gold deposits within limestone host rocK at a depth of

-40 m.

At another a~ea with a similar geological environment,

gold was extracted along two p~ofiles located i50 m f~om one

another on the slope of a hill. The gold mineralization within

P~ofile I occurs in dolomites and represents two tUbe-shaped

orebodies located close to each other. The o~e bodies are blind

and overlied by a bed of dolomites. Soils in the area have

thicknesses varying from 0.5 to 2 m. At some places, the soil­

are rubbly containing coarse ~ock fragments. The element­

receive~s were set up along the profile in a humus layer at

.depth of 5-'0 cm. At locations where a great deal of rUbbl

turned up under the ER, the soil was shifted through a scree

with a 2-mm mesh and then moistened With distilled water. T,

gold was extracted at a cur~ent of 250-400 rnA through each E

The f1eld strength was 2 V/cm. The extraction time was 10 hou

6
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for Profile 1 and 2~ hours for Profile 2. There were two cycles

of testing: ~-1~ and 1~-2~ hours. The results are shown in

Fig. 3, where the zone with gold-sulfide ore bodies is

satisfactorily delineated by the CHIM method and can be traced

well from profile to profile. Another anomaly located to the

north of the first one was delineated on the basis of weaker but

still satisfactory gold extraction. It corresponds to an

unexplored gold mineralization intercepted by only a few drill

holes and trenches. This new zone, as in the case of the first

well studied zone, can be traced well from Profile I to

Profile 2.

/'
•

-

lliJ' CZ7Jl
Fig. 3. The CHIM method results for deposits of the Lebedinsky

type (Site 2): 1) well studied zone of gOld mineralization, 2)

new ore zone known from a few trenches and intercepted by drill

holes.

In addition to these two anomalies, there is still a third

anomaly located on Profile I to the south of the well studied ore

zone. Its nature is unclear. It is possibly caused by an

old mining road passing through the area, but it could be

associated with unknown mineralization and requires special

study. It should be first traced by the CHIM survey along the

striKe.

Not counting this third anomaly, the data obtained indicate

a satisfactory identification of the gold mineralization of the

Lebedinsky type by the CHIM method.

7
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On the whole, the developmental work using the CHIM method

for identification of a gold mineralization in Yakutiya shows the

possibility of delineating gold anomalies under a cover up to

4¢-m thick. It could also be noted that the mass of gold

extracted by the CHIM method was significantly greater ~han that

extracted in Eastern KazaKhstan and UzbeKistan.
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1. INTRODUCTION

1.2 The Technology of Execution of Works Involves:

337148

Page 2

Sampling

analysis of samples, including soils, by special methods of selective (partial)
extraction of elements (phase analysis) by MPF, TMGM;

In compliance with the model, the analysis of geochemical, geoeleetrochemical data was
carried out within systems, whose range as to conditions of their formation far exceeds the
object of search. It enables the revealing of ore objects even in regional stages of work and
to examine thorougWy their position in the system in more detailed stages.

In the given instance, our tank was to evaluate approximately 9 - 10 small local areas united
into 3 large areas: Henry River ETA 940, MtZeehan ETA 940, and Bluestone Creek ETA
944 (map 1b). Regional observations were necessary to be carried out for the provision of
this strategy. Therefore, a territory of about 500km' was chosen involving all sections
entering in the composition of ETA 348,349,344. Along with sampling in these sections,
samples were also taken along state roads that made it possible to unite individual sections
into a general system of observations.

Employment of such technology is the most effective when stage-by-stage investigations
are carried out. In this case, a large area is investigated in first stages. Then local areas are
selected for subsequent evaluation.

interpretation of results on the basis ofgeoeleetrochemical model of the matter and
structure of physical fields.

field sampling in surface loose rocks and bedrocks (in open regions) or only use of
loose rocks (in closed regions) including the CHIM method;

The works were executed on the basis of a new technology, "Analysis of structure of
geoelectrochemical systems". The technology is based on the analysis of distribution of a
wide range of elements in energy fields of the Earth (and, in particular, with consideration
for their possible electrochemical. redistribution under the action of natural electric fields
and transformation of petrophysical properties of geological medium). Brief statements of
this model are given in the thesis for the Report, 17th International Geochemical
Exploration Symposium, 1995.

Geoftlecfrochemical Rf!porr ... By Dr. I. GolJbl!rg

1.1 General Principles of Geoelectrochemical Analysis and Peculiarities of
Execution of Works in the Area.

,
,
II
II,
II
II
I,
IJ
II
.­,,
.­,
,,
,
...



650

__ 6000

5500

••5000

•450

••4000

•350

II
3000

I Map 1.

...
'"

500 ~ 6000 6500 7.500

he Samples' Location and Samples' Num§i1;le 1:2~~iP

Scale 1: ,~I
I

o s
FOAMERl.V-P,A.RT-()F~:~C34/8e(ALL MINERALS)

MINERAL RESOURCeS T~~ft1ANIA--.

I
I
I
I
I

Scm 337149



Analysis ofsamples.

Sampling was carried out from January 16 to Januaty 21, 1995.

Interpretation ofthe results ofanalyses.

Page J

Material represented in the report is given in various forms. Results of data processing are
given for separate elements in three forms.

Terms of the contract did not allow us to perform the analysis of bedrocks. As a
consequence, it is impossible to carry out such analysis completely within the framework of
the given report.

Structural analysis ofgeoelectrochemical systems assumes use of data of chemical analyses
of bedrocks and soil samples with the MPF method.

Data of the analyses characterise distribution of metals in weakly fixed metalloorganic
compounds in soils. According to the conditions of the method, anomalous concentrations
ofmetals correspond to the position ofdeep anomaly-forming objects without indication of
the depth of their occurrence. Anomalies of metalloorganic forms of occurrence of
corresponding metals in the soil give an indication of the projection of deep anomaly­
forming objects on the Earth's surface.

3371JO

Study of the whole area in more detail necessitates much more time since most of the
routes must be pedestrian.

Brief characteristics of the MPF method and kinds of analyses. The metalloorganic
complex is selectively extracted by the MPF method. The extraction is made by sodium
pyrophosphate. Normalisation ofthe metalloorganic complex is carried out after carbon (in
percent) MeiC (where Me is any ore element). Mentioned relations reflect satisfactorily
metal concentrations accumulated in the metalloorganic complex without distinct
dependence on amount of organic compounds in soil. The analysis has been performed for
heavy metals including Cu, Zn, Pb, Ag, NJ, Mo and carbon (C). The results are given in
Appendix I.

Only soil samples have been analysed by the geoelecrochemical MPF method. The analysis
has been performed in a speciallaboratoty in St. Petersburg.

Altogether, 140 samples were taken. They include both splitted off samples of bedrocks
(70 samples) and soil samples (70 samples). Position of points of observations are given in
map No.1. The samples were taken along a route evety 2 - 3.5 km, that corresponds to the
density of the network of observations ofabout 7krn. The density of sampling is irregular.
It was condensed in areas of licences wherever possible. However, works have been
ful.filled with money being available that was evidently insufficient for more regular
network.

Geoelectrochelllical Rftport ._. By Dr. I. Goldberg
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Contour maps, scale 1: 250,000. Boundaries of regions of various concentrations are
determined, taking into account statistic distribution of every element using data catalogue
in the MPF method on other regions.

The model is constructed on the radial basis function;

B(h) = ..Jh2 + r'

where h is the anisotropically rescaled, relative distance from the point to the node, R2 is the
smoothing parameter specified by the user. (Carlson, RE. and Foley TA, 1991a, "Radial
Basis Interpolation Methods on Track Data". Lawrence Livermore National Laboratory
UCRL - JC - 1074238).

The contour maps are given in two forms including transparent maps permitting correlation
of a position ofvarious anomalies between each other and geological and metallogenic data
of the region ofworks.

For the purpose of more vivid presentation coincidentally with the contour map, maps of
perspective projections are given also on 1: 250,000 scale.

Geoelecrrochf!lIIical Report ... By Dr. I. GoMberg Page./
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2. BRIEF CHARACTERISTIC OF RESULTS OF OBSERVATIONS

2.1 Copper

Map 2a. Contour map, distribution of Cu/C in the soil (MPF method) Scale 1:
250,000. 1. > 4%: 2.2-4%: 3. 1-2%: 4.0.5-1%: 5.0.02-0.5%: 6. < 0.025%.

Map 2b. Perspective projection, distribution of CuiC (%) in the soil (MPF method),
scale 1: 250,000. .

A submeridional zone anomalous in copper Cu/C% is distinguished in the eastern part of
the area. It is traced within the limits of the studied area to 25km at a width ofabout 5km.
This zone is not outlined in the east.

The most intensive anomaly occurs within the area bounded by coordinates 7000mE ­
7500mE and 5250mN - 5750mN. This anomaly is the most distinct in map 2b.

Less intensive anomalous zone is confined to corridor 7000rnE -7250mE in the interval
4000mN - 5000mN and involves the eastern part ofthe licence areas Henry River ETA 349
as well.

At least approximation of values adjacent to these sections evidences their possible
prospects for copper.

A zone about 5-7.5km wide also of submeridional trend and with distinctly lower values of
Cu/C% is distinguished in the western part ofthe area along the coast. The central part of
the area is close to normal distribution.

G/!.Oft/t::ctrochemical Report ... Dy Dr. 1. Goldberg



Map. 2b. Perspective projection, distribution ofCu/C (%) in the soil (MPF - method)
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2.2 Lead

Map 3b. Perspective projection, distribution of Pb/C(%) in the soil (MPF method).

A zone anomalous in Pb/C% is distinguished to the west of the zone anomalous in CulC%.
[t extends from NW to SE.

Puge8

Map 3a. Conto~r .Map, ~ist~i~ution of Pb~~ (%) in the so.il ~MPF method), scale 1:
250,000.1.> 0.2 Vo, 2. 0.1 0.2 Vo, 3. 0.05-0.1 Yo, 4. 0.05-0.~o, ~< 0.02.

337155

Position ofanomalies Pb/CO/O relative to licence sections: The intensive lead anomaly
coincides closely with the northern section of the licence Mt. Leehan ETA 348. However,
more intensive part is confined to its western boundaIy. A rather considerable anomaly is
confined to the southern and western section ofMt. Leehan ETA 348. In the southern part
of the area, the anomaly Pb/CO/O occurs adjacent to the southern section ofthe Hanty River
ETA 349.

In the northern part, the centre of anomaly in Pb/C deviates from the centre of anomaly in
CulC by 4-Skm and is offset northward by lOkm. In the south-eastern part, the anomalous
zones coincide approximately at the intersection of coordinates 4000mN and nSOmE.
Width of the anomalous zones is about 5 - 7.5km, its length is about 30km. A large region
of lower values ofPb/CO/O is recorded in the south-western part of the area.

(It!oeleClrocht!/1lical Report _," By Dr. I. Goldbf!.rg
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Map 3a. Countour Map Distribution of Pb/C (%) in the soil (MPF - method)
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Map. 3b. Perspective projection, distribution of Pb/C (%) in the soil (MPF - method)
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2.3 Zinc

Map 4a. Contour MlIP, Distribution ofZn/C% in the soil (MPF method).

Page J/

Map 4b. Perspective projection, distribution ofZn/C% in the soil (MPF method).

Position of the anomaly Zn/C"/o relative to the licence sections. The major anomaly Zn/C%
overlaps the north-eastern section of the Mt. Zeehan ETA 348 and partially (in the eastern
part) covers the southern section of this licence.

The intensive anomaly Zn/C% occurs in the north-eastern part of the area. It extends from
NW to SE and is traced to 121an. The width of the most intensive region is from 4 to Sian.
It spatially occurs between the: anomalous zone Cu/C"10 in the east and anomalous zone

Pb/C% in the west.

1. > 4%; 2. 2%; 3. 1-2%; 4. 0.3-1 %; 5:0.1-0.3%; 6. < 0.1 'Yo.

G~oelectroche"l/cal Rttport ... By Dr. I. C()IJbfJrg
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Map 4a. Countour Map Distribution ofZn/C (%) in the soil (MPF - method)
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Map. 4b. Perspective projection, distribution of ZnlC (%) in the soil (MPF - method)
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1. > 0.15%; 2. 0.1-0.15%; 3. 0.05-0.1%; 4. 0.005-0.05%; 5. < 0.002%.

~ .

2.4 Molybdenum

Page 1-1

.
Anomalies ofMo/C% are of discontinued character. Area of separate intensive anomalies
is about 5-6km'. They mainly occur in the certain zone extended from NW to SE.

Position of separate anomalies relative to the licence sections. One of them occurs within
the western section ETA 348, another occurs within the north-eastern section of this
licence. An intensive anomaly occurs in the southern part of the area close to the southern
section of the licence Hemy River ETA 349.

Map Sa. Contour map distribution of Mo/C (%) in the soil (MPF method), scale 1:
250,000.

Map 5b. Perspective projection. distribution of Mo/C{%) in the soil (MPF method).
scale 1: 250.000.

G~oeltJ,ctrochelllicaJ RBporr ... By Dr. I. Goldberg
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Map. 5b. Perspective projection, distribution of Mole (%) in the soil (MPF - method)
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2.5 Sil~·

Map 6a. Contour Map, Distribution of Ag/C(%) in the soil (MPF method), scale I:
250,000.

l. > 0.002%; 2.0.002-0.0006%; 3. 0.0003-0.0006%; 4. 0.0002-0.0003%; 5. < 0.0002%.

Map 6b. Perspective projection, distribution of Ag/C(%) in the soil (MPF method).

Two anomalies AglC% are recorded in the area One of them is situated in the north of the
area. It spatially coincides with tne anomaly Pb/C%. Another, less intensive, occurs in the
south. The anomalies has no evident association with other anomalies.

I
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Map 6a. Countour Map Distribution of Ag/C (%) in the soil (MPF - method)
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Map. 6b. Perspective projection, distribution of Ag/C (%) in the soil (MPF - method)
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2.6 Arsenic

1. > 0.01 %; 2.0.01-0.05%; 3. 0.05-0.1 %; 4. 0.1-0.2%; 5. 0.2-0.3%; 6. < 0.3%.

Map 7a. ContoUi' Map, Distribution of As/C(%) in the soil (MPF method), scale 1:
250,000.

?agft 20

337167

Arsenic anomalies has three local centres. Two of them overlap the northern section ETA
348 and southern section ETA 349. These two anomalies are traced as an anomalous zone
closely coinciding with the anomalous zones Pb/C and ZnlC. Epicentres of separate
anomalies are slightly shifted relative to each other, probably due to the zoning of the
anomaly-forming objects in space.

Map 7b. Perspective projection, distribution of As/C(%) in the soil (MPF method),
scale 1: 250,000.

Ge04llBctrochIJmicai Report ... By Dr. I. Goldberg
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Map.1 b. Perspective projection, distribution or AsIC (%) in the soil (MPF - method)

Scale 1:250,000

~I
ScmI..

,
I,
1
1
I



3371 ~'O

2.7 Nickal--and Cobalt

Map 8. Perspective projection, distribution of NilC(%) in the soil (MPF method),
scale I: 250,000.

Map 9. perspective projection distribution of Co/C(%) in the soil (MPF method),
scale 1: 250,000.

A structure ofNW-SE trend is outlined in Co/C(%) and especially in NilC(%), which, to a
certain extent is similar to molybdenum distribution. There are not any considerable
anomalies in NilC and ColC are recorded.
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Map. 8 Perspective projection, distribution of Nile (%) in the soil (MPF - method)
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Map. 9 . Perspective projection, distribution ofCo/C (%) in the soil (MPF - method)
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Map 10 (metaUogenic map, scale 1: 250,000)

Maps 2a-6a (contour maps - scale 1: 250,000.

The distinguished anomalous zones call for additional more detailed investigations.

Page 16
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In the northern section revealed anomalies occur within the limits of known objects, but
each particular anomaly can be associated with a new deep object ofdifferent composition.

Distribution of anomalies of metal concentrations possesses certain patterns in the area of
works. A definite fan-like structure is outlined as to position of anomalies. Following
zones can be distinguished from the east to the south: the copper zone (Cu/C(%), then the
zinc zone (Zn/C(%), the lead zone (Pb/C(%» and in the west the molybdenum zone
(Mo/C(%».

The south-eastern anomalous region. Intersection of several faults of N and NW trend
takes place in this region. Complex geological setting is observed there: combination of
rocks ofvarious composition and age. A show ofbarium is confined to this region; it also
can be considered as a promising feature for occurrence of concealed mineralisation of
complex composition.

The case in point is the most enriched sections within the whole area. So, it is possible to
speak ofseveral of the most perspective regions in the area ofthe study.

Another anomalous zone is recorded in the north of the area, where divergence (spatial
division ofanomalies) takes place. Following anomalies show up there from the east to the
west: anomaly Cu/C(5), then the anomaly Pb/C(%) + Zn/C(%) including the anomaly
AglC(%), and in the west the anomaly Mo/C(%).

The angular of the position of the anomalous zones changes 45° from submeridional (369")
as to Cu/C(%) to NSW (about 310") as to Mo/C(%). This zone is strengthened by a zone
slightly anomalous in NilC (map 8). On the whole, a fan is formed with the centre in the
south-eastern part of the section. Anomalies of essentially all metals mentioned above are
recorded there.

3.2 . Correlation between MPF anomalies with known geological and
metallogenic data in the area under study.

GttOelltJClrochemical Reporr ... By Dr. I. Goldberg

3.1 Complex position of MPF anomalies in the area of works

3. PR0GNOSTIC EVALUATION OF THE REGION OF WORKS
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All sections occurring in the eastern part of the area are promising for copper;

3.3 GeMrai Conclusion

33717G

Pagtl19

sections in the north of the area, in its central region are promising for lead-zinc
mineralisation;

sections in the north-western part are favourable for occurrence of rare metal
mineralisation.

Following conclusions about prospects of the lice'nce sections can be drawn in this stage of
investigation:

Geodectrochelllical Report ... By Dr. f, Goldbt!rg



--------------------
Appendix 1

Table. MPF Method. Results of analysis samples of soil.

Coordinates MelCl%)

NN East North Cu Pb Zn AI! Mo V Ni Co Ga ,As

I 6070 6200 0.244 0.293 1.951 0.0024 0.008 0.036 0.02 0.0005 0.0005 1 0.06

2 5900 6170 0.008 0.126 0.286 0.00005 0.006 0.027 0.009 0.0005 0.171
,

0.045

3 5750 6250 0.015 0.037 0.00005 0.002 0.073 0.006 0.0005 0.0005 0.05

4 5740 6040 O.oI8 0.091 0.409 0.0002 0.006 0.027 0.013 0.0005 0.0005 0.0005

5 5570 5960 0.02 0.028 0.08 0.00005 0.004 0.06 0.015 0,0005 0.16 0.006

6 5410 5900 0.012 0.022 0.066 0.00005 0.009 0.04 0.019 0.0005 0.088 0.067

7 5300 5800 0.036 0.197 0.329 0.0003 0.007 0.03 0.02 0.0005 0.0005 0.05

8 5200 5700 0.027 0.038 0.204 0.0003 0.013 0.038 0.032 0.0005 0.0005 0.064

9 5040 5720 0.012 0.021 0.117 0.00005 0.009 0.141 0.005 0.0005 0.0005 0.054

10 4900 5780 0.025 0.082 0.909 0.00005 0.015 0.231 0.008 0.091 0,0005 0.077

II 4890 5650 0.036 0.045 0.255 0.00005 0.011 0.048 0.016 0.0005 0.0005 0.079

12 4780 6720 0.023 0.04 0.159 0.00005 0.004 0.019 0.009 0.0005 0.0005 0.013

13 5280 5250 0.02 0.02 0.D75 0.00005 0.008 0.024 0.006 0.012 0.0005 0.024

14 5350 5150 0.018 0.026 0.128 0.00005 0.006 0.025 0.017 0.006 0.014 0.042

15 5530 4920 0.012 0.021 0.067 0.00005 0.005 0.068 0.027 0.003 0.0005 0.034

16 5700 4750 0.024 0.03 0.229 0.00005 0.012 0.05 0.008 0.0005 0.0005 0.083

17 5710 4890 0.014 0.02 0.194 0.00005 0,013 0.057 0.019 0.0005 0.0005 0.094

18 5870 4920 0.093 0.102 0.088 0.0002 0.017 0.D38 0.013 0.002 0.D35 0.064

19 5880 5020 0.015 0.061 0.085 0.00005 0.024 0.03 0.014 0.001 0.061 0.05

20 5800 5100 0.02 0.029 0.143 0.00005 0.005 0.021 0.018 0.0005 00005 0.036

21 6200 4920 O.oI8 0.023 0.173 0.00005 0.004 0.103 0.Dl 0.0005 0.0005 0.086

22 6080 4920 0.013 0.019 0.286 0.00005 0.005 0.035 0.008 0.0005 0.0005 0.027

23 6440 5050 0.05 0,071 0.929 0.0001 0.004 0.056 0.007 0.0005 0.0005 0.028

24 6300 5250 0.032 0.082 0.141 0.0002 0.008 0.094 0.006 0.0005 0.0005 0.059

25 6600 5250 0.035 0.17 1.6 0.00005 0.008 0.032 0.011 0.0005 0.0005 0.054

26 6400 5330 0.04 0.04 0.568 0.0001 0.001 0.01 0.019 0.0005 0.0005 0.227

27 6450 5600 0.023 0.127 5~ 0.00005 0.001 0.01 0.009 0.0005 0.0005 0.138

28 6200 5750 0.054 Q.0)9 2 0.0001 0.001 0,01 0.005 0.0005 0.0005 0.231

29 6140 5890 0.025 O·W l.l.i 0.00005 0.001 0.01 0.005 0.0005 0.0005 0.188

30 5880 4380 0.066 0.024 (J,229 0.00005 0.001 0.217 0.02 0.0005 0.542 0.325

31 6010 4300 0,021 0.025 0.292 0.00005 0.001 0.01 0.005 0.0005 0.0005 0.0005



Appendix 1

Table. MPF Method. Results of analysis samples ofsoil.

Coordinates MeJC(%1

NN East North Cu Pb Zn AI' Mo V Ni Co Ga As

32 6200 4250 0.023 0.023 0.092 0.00005 0.001 0.01 0.007 0.0005 0.0005 , 0.0005

33 6120 4080 0.014 0.01 0.07 0.00005 0.001 0.07 0.012 0.0005 0.084 ' 0.0005

34 6180 3750 0.106 0.043 0.053 0.00005 0.001 0.039 0.005 0.0005 0.071 0.0005

35 6610 4910 0.04 0.045 0.19 0.00005 0.001 0.01 0.01 0.0005 0.0005 0.0005

36 6750 4800 0.009 0.016 0.044 0.00005 0.001 0.044 0.013 0.0005 0.053 0.0005

37 6700 4700 0.041 0.026 0.143 0.00005 0.001 0.01 0.01 0.0005 0.0005 0.0005

38 6650 4500 0.075 0.065 0.258 0.00005 0.001 0.161 0.027 0.0005 0.376 0.29

39 6400 5450 0.069 0.175 2 0.0003 0.001 om 0.018 0.0005 0.0005 0.0005

40 6020 6050 0.028 0.119 0.168 0.0001 0.006 0.Q7 0.014 0.0005 0.003 0.14

41 6300 6100 0.073 0.309 !.U3 0.0007 0.018 0.01 0.055 0.0005 0.0005 0.0005

42 5900 5900 0.04 D.03s 0.14 0.00005 0.001 O.OJ 0.017 0.0005 0.0005 0.0005

43 6000 5900 0.037 0.032 0.176 0.00005 0.001 om 0.019 0.0005 0.0005 0.0005

44 6500 6220 0.081 0.119 0.865 0.0002 0.001 om 0.022 0.0005 0.0005 0.0005

45 6700 6150 0.044 O.ffil ~ 0.00005 0.001 0.01 0.038 0.0005 0.0005 0.0005

46 6680 5970 0.042 0.024 0.229 0.0001 0.008 0.036 0.02 0.001 0.0005 0.06

47 6550 6100 0.032 0.023 0.273 0.00005 0.006 0.027 0.005 0.0005 0.0005 0.045

48 7300 4950 1.815 0.012 0.046 0.00005 0.001 0.073 0.005 0.0005 0.086 0.05

49 7080 5200 0.109 0.014 0.127 0.00005 0.006 0.027 0.005 0.0005 0.0005 0.045

50 7230 5200 1.131 0.045 0.143 0.00005 0.004 0.06 0.005 0.007 0.045 0.0005

51 7150 5400 0.8 0.06 0.667 0.00005 0.001 om 0.019 0.033 0.0005 0.0005

52 7050 5550 3.5 0.025 0.5 0.0002 0.007 0.01 0.02 0.012 0.0005 0.0005

53 6980 5700 4.487 0.045 0.308 0.00005 0.001 om 0.032 0.0005 0.0005 0.0005

54 6850 5890 0.652 0.022 0.207 0.00005 0.001 0.141 0.005 0.0005 0.283 0.0005

55 6350 3300 0.085 0.023 0.215 0.00005 0.001 0.231 0.005 0.0005 0.215 0.0005

56 6500 3350 0.087 0.04 0.302 0.0006 O.Oll 0.01 0.016 0.003 0.0005 0.0005

57 6700 3150 0.025 0.01 0.089 0.00005 0.001 0.01 0.009 0.0005 0.0005 0.0005

58 6870 3250 0.024 0018 0.165 0.00005 0.001 0.01 0.005 0.009 0.0005 0.0005

59 7150 3190 0075 0.029 0.117 0.0001 0.006 0.01 0.017 0.0005 0.0005 0.0005

60 7300 3300 0.061 0.017 0.095 0.0002 0.001 0.068 0.027 0.0005 0.037 0.0005

61 7450 3220 0.117 0.042 0.233 0.0002 0.012 0.01 0.005 00005 0.0005 0.0005

62 7550 3500 0.377 0.066 0.358 0.00005 0.013 0.01 0.019 0.0005 0.0005 0.0005 w
w
-J,...
-.J
00



Appendix 1
Table. MPF Method. Results of analysis samples of soil.

Coordinates MelC ("I.)
NN East North Cu Pb Zn AI! Mo V Ni Co Ga As

63 7520 3710 0.513 0.128 0.244 0.00005 0.001 0.01 0.013 0.006 0.0005 1 0.0005
64 7500 3900 1.2 0.17 0.24 0.0002 0.024 0.01 0.014 0.002 0.0005 ' 0.0005
65 7700 4100 0.857 0.071 0.054 0.0001 0.005 0.01 0.008 0.0005 0.0005 0.0005
66 7800 4280 0.343 0.026 0.057 0.00005 0.001 0.103 0.01 0.0005 0.149 0.086
67 7780 4480 0.27 0.076 0.865 0.00005 0.001 0.035 0.008 0.0005 0.0005 0.0005
68 7700 4650 0.14 0.034 0.079 0.00005 0.001 0.056 0.007 0.0005 0.]46 0.0005
69 7600 4800 0.047 0.009 0.165 0.00005 0001 0.094 0.005 0.0005 0.047 0.0005
70 7500 5000 0.59 0.16 2.58 0.001 0.08 0.1 0.11 0.005 0.005 0.005
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