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FROSPECTING FOR CASSITERITE IN SOUTHER FINLAND
AARIO, R T. PEURANIEMI, V.I.

The heavy mineral geochemistry of till has been used successfully in the reconnaissance
phase of ore exploration in Finland, The late Precambrian Vilpuri rapakivi intrusion
and its satellites in southern Finland are known as tin- critical areas. Heavy mineral
analyses of till were employed as the main method when investigating possible
mineralizations in this win:lg area, and subsequent low-density heavy mineral sampling
revedled several tin anomalies, all in cover moraine and located within the central ice
lobe just inside the Second Salpausselki ice-marginal complex, an area heavily eroded
during the deglaciation. lece transport was usually short, not more than 8 km, and the
anomalies were coherent.

In order to trace the characteristics of the source rocks of these anomalies, the
mineralogical and chemical composition of the cassiterite in the anomalous samples
was studied. That in one anomaly contained high Nb, Ta and Fe, suggesting that the
source rocks may have been a complex pegmatite. When the source rocks was traced, it
proved to be a large but subeconomic pegmatite body. In some other anomalies the
cassiterite contained lower Nb, Ta and %e, suggesting a greisen source. Two of these
were later drilled and a greisen mineralization was found in both sites.

Heavy mineral till geochemistry was also used for prospecting W ores in the
Proterozoic Hameenlinna schist area in southern Finland., The area belongs to the
Pyhijirvi ice lobe in an area characterised by more pronounced deposition during the
deglaciation. Here, too, ice transport was short and the anomalies coherent. In addition
to W, 29 other elements were analvzed. Another unexpected result was the finding of
Sn anomalies, some of which were also anomalous for Nb and Ta. This suggests that
there may be a complex pegmatite province in the schist area, Some of the Sn
anomalies occur inside the area of mafic volcanics, possibly referring to quartz-
cassiterite or quartz-tourmaline-cassiterite veins.

Accordingly, one can conclude that the Himeenlinna schist area, which has been
considered one of the most important tungsien provinees in Finland, also has a
potential for rare-metal pegmatites and Sn vein formations.
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WEATHERING CRUSTS [IN FINNISH LAPLAND AND BANGLADESH-
SIGNIFICANCE FOR GEOCHEMICAL EXPLORATION

AARIO, BT, PEURANIEMI, V1., ISLAM, MD.R.

The existence of a soft preglacial weathering crust in central Finnish Lapland has been
known since the early days of the gold rush in the late 19th century. Systematic
Quaternary geological and geochemical surveys have shown that almost the whole area
of the former ice divide of central land is underlain by this weathering crust. The
main ore prospecting method in Finland has been till geochemistry, samples bein
taken with various types of percussion drill. Some of the samples from central Finnis
Lapland were taken from the weathering crust and some from the till and this has
created problems in interpreting the results.

In order to decipher the nature of the weathering and the dispersion of elements, a
comparative survey was carried out in Finnish land and Bangladesh. Finnish
Lapland is situated in the temperate climate zone north of the Arctic Circle, so that the
w::atheriﬁ crust there can be regarded as fossilized, while Bangladesh is situated in the
subtropical and tropical climate zones and the weathering crust 1s recent.

TABLE 1. Chemical composition (wi %) of the representative samples from Finnish Lappland
and Bangladesh. Compared to the typical sandstone analyses (7-8).

i i 3 i 5 f 7 2 9 1 11
Si02 6143 oeB64 37O SEERS 4550 7091 0540 8510 873w 80556 8388
A3 19 86 1542 2L8T 1597 .00 jr23 L 1 545 .40 5 55 T.64
Mg 293 2.15 6,29 563 310 017 10 6l {15 .22 .18
Cal 0.a7 1.56 |85 2.00 L2 1.04 |60 .98 014 0.0s k15
Na2() .54 134 (.56 (h.94 017 2.7h {10 (55 (.34 .15 44
K20 4.68 .43 .61 (h44) 1061 304 0,20 (1. 96 1.56 L.12 1.78
Fe2(3 7.08 403 zlel 1135 1803 629 .60 26l 2,18 443 2.78
Ticx 0.78 0.58 (.60 137 216 1138 0,20 74 {25 0Th ;27
Mno (r.04 .04 029 0. 14 02l 0.1 - R 0.2 004 (.03
205 0,03 .08 .07 012 014 008 - 14 004 007 (r.04
Lo 1.28 1.54 .85 439 T.24 1.5 .30 1.37 145 o 1.83
Total 9942 TRE] 55.51 9906 9B3B 9ES ¢s0 S9H57T  L99% 9%Q5 9¥02
Cr ppm 127 n.d. Jiz I 162 14 n.d. n.d DS 415 359
o™ md. n.d. 124 TG b1} TH n.d. n.d IGE i h
[ [ Tl n.d, 129 &8 207 15 n.d. n.d 22 a2 28
Cu " n.d. n.d. 14% Bl H4 M n.d, n.d 9 15 [ ]
Zn ° n.d, .. i) | 141 T2 138 nd, n.d 22 0 20
b " n.d. n.d, 43 3 30 il .. n.d ] 9 24
Au ppb nd _ nd L & n.d l n.d. n.d nd nd 5
Fresh bedrock 1. Sillimanite-pammet granulite rock, Kuttura area (Hbrmann =t al. 1980,

1. Biotile gneiss, Inari area (Menil§inen, 1976).

7. Orthoquartzite (Pettijohn, 1963).

8. Sublithic arenite {Pettijohn, 1975,
Weathering crust: 3. Lovlisoja, 4. Poaukoru, 5. Tankavasrs Gold Museum, 6. WVoodso air Debd,
{(Crushed samples) (4-5 granulite, 6. granite gneiss, from Finnish Lapland).

9. Mainamoti-Garerhat, Comilla.

10. Gaurisankar, Jaintapur, Sylhet

11. Shaloshahar, Chitagong (9-1 1 sandstones from Bangladesh),

nd = not determined

The bedrock in Finnish Lapland is composed of metamorphosed rock types of
Precambrian age and that of Bangladesh of sedimentary rocks of Tertiary and
Quaternary age. Table 1 shows the results of chemical analyses of some r?resematiue
samples from both areas. As one can see, 5i has been depleted and Al, Fe and trace
elements enriched in the weathering process. Table 2 shows the behaviour of some
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trace elements in the weathering of phyllite at one survey site in western Finnish

TABLE 2. Trace element values in unweathered bedrock and weathering erust in trench 1 at
Mantovuoma.

1 r |
Unweathered  Weathering  Unweahered Wemthering  Umweathered  Weathering
bedrock st bedrock crusl bedrock CTust

Cu ppm 340 1022 Fa 3010 Hi 1231

Zn ppm 13 a8 15 59 ) 9%

Mi ppm M4 55 26 73 a4 125

Co ppm B g 12 5 20 79

Mo ppm 2 14 2 75 r 1

Lapland. Copper has been enriched most markedly, the enrichment coefficient being 40
in places, and Mo also shows pronounced enrichment in some samples.

The main clay minerals found in the samples from Finnish Lapland are kaolinite,
halloysite and vermiculite, whereas kaolinite, chlorite and gibbsite are the main clay
minerals in the samples from Bangladesh.

When ma]-:irﬁ comparisons between Finnish Lapland and Bangladesh one must
remember that also the surficial parts of the weathering crust also exist in Bangladesh,
whereas in Finnish Lapland the continental glaciation in the Quaternary swept away the
soft surficial paris and only the roots have survived under the glacial cover.



wuantitative Stabisbical Inberpretation of Regional
Geochemical Explorntion batu for Gold in the
Ife-Ilesa Jchist Belt of 3. W. Nigeria
By
T. R. njayl
Departunent of Geplogy
Obafemi Awglowo University,

Ile=]lfa, Higeria.

(Extended ihstract)

Alluvial and primary gold deposikbs ozacur in the Ife=
Ilesa Froteroegoic Schist belt witi the former showing a
gtrong spatial relation wikh the: amphibolite complex.s

Gold production from this area contributed significantly
to the national output since mining started in 1942 with
peaked production between 1943 ani 19%6. The Ife-llesa gold
field has remained the only gold [ield where active mining
activities continued though intermitently until present and
with a steady declining produckion.

Regional geochemical exploration for gold dates back
to 1965. Bince them, both active stream sediment and seil
surveys have been carried out. However, gualitative inter-
pretations of the resulting pgeochemical data were inconclusive
in delineating potential areas of gold mineralisation.

Hecently, quantita®ive statistical interpretaticnal
techniques (viz populstion sorting, multivariate statistics,
factor mnalysis, data smoothing and trend surface analysis)
were employed in the interpretation of multislement regional
soil (450) and active stream sediment (350) geochemical data.
The main objective is Eo evaluate tha effectiveness of these

techniques in delineating potential areas of gold mineralisation.
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The results of cumulative probabllity plols reveal that
it is & more objective and effective method of recognizing
geochemical population and anomalies. Also, H-mode factor
analysis identified four factors with similar and comparable
metal asapcciation in the stream sediments and soils. These
are Mn=-uo=-Fa, din=-Pb=Cu, PMg=it wnd Jr in the stream sediments;
Co=Mn-Cu, Bi=Cu and in-fb in the goils. ‘[hese metal associations
and their factor scores distiribution btogether show that lithology
iz the dominant factor contrnlling metal dispersion in this
tropical surficial environweunt wibh subtle but nota&ble contri-
butions from both environwental zpnd mineralization factors.

The smoothing mapping melhod produce "Smoeother™ and
*Cleaner® geochemical maps cumpared to the manually drawn maps
of the raw data.

Trend surface studies sucy Lhat low order surface Fittings

prove to he & more effectlve ool o rovesling the meln regional
trenda in the soil swle Thao %t streunm Sediment data. In the

latar, only the first To racsh arder Coy [irvst apd second order
Fe and first order Mo truend sweluces wree gi omificantly diTferant
from raadom at 0,05 level. #Bowevsr, &1l EBhe computed btrends: fop
s6ll except firat to Lanrlh acgex dny Lhird order Cr, I'b, od and

firat to third ousder Ag wre aizniftcantly dillferont at 0.9

level. The resulting posibive residosls from these surfaces
repregenting “"non-randomn" goochewiecal variations in the data,
reveal significant anpomalous trace elenent geochemical petterns
which show strdna apabial relatinnship with potential areas of

gold mineralization and geelogy,. The overall results demonsirate
the elffectivenesuy ol these [nterpretutionul technigues as potential
and essential tools particolarly in seess such a8 this where

anomaly/backpgronud enntrosle s gouet.ily low.
5



Chromium contamination of aguifers from natural sources

M. A. Armienta® i E. BEodr 11';,||.:|E|-..'2j P A, e Ez. M. Ceniceros’ 1 A
Aguaye', F. Juirez'.

“Institute de Geoflislca. UNAM. Circuito Exterior C.U.. México
04510 D.F. , México,

*Facultad de Quimica, UNAM. México D.F.. México.

Leon, a city in the state of Guanajuato, central Mexico., is
one of the Iilmportant urban centers of the country. Its sconomy
depends malnly on Lthe tanning and shoe—making industiries. Most of
the tanneries Caboul 5% use chromium in their processes and
dizpose of thelr waste waters without treatment directly inta the
Leon river through the sewage syslem. This practice was thought Lo
ba the source of chromium In Leon agquifer.

In 1987 a research project was wundertaken Lo evaluate Lhe
lavels of chromium, the contaminani distribution in groundwater
and the pollution sources in Lthe Leon—-Guanajuato wvalley.

Sampling was performed in 80 wells distributed throughout the
valley, The water was analvzed for physico-chemical parameters,
CriVIo and Erm. The analysis of the data., together with the
hydrogecologlcal and geological framework, clarified the chromlum
contamination prablem.

Chromium was detected above Lhe detectable level CO.004 mg-ll
in most of Lthe sampled wells Carcund 20%). Nevertheless,. the
concentrations were below Lhe polable waler limlt CO.08mg-sld
excaplL in one small area located Lo the soulthwest of the valley,
where concentrations as great as 50 mgsl were determined.

The wells to Lhe sast and south of the valley showed chromium
cancentrations with a maximum value of O,04mg<l. The presence of
chromium in this area may be associated with Lwo sources: one
anthropogenic and one natural.

In this reglon Lhere are many small brick factories which use
leather rezldues az a combustible., The combustion of leather may
oxidate the Cr Ill} used for tanning to CriVIDJ. The residual ashes
consldered as fertilizer., are dispersed owver the surrounding
lands., Finally the action of rainm and irrigation make=s chromium



leaching possible and consequently provoles aguifer contamination.

Ta the sazt of Lhe valley Lherds iz an oulcrop of wlbramafic
rocks, pyrowenites, wiilth a high chromlom content C1825 ppmd. A
chemical characlerigtic of Lhese Lypes of rocks iz their high
concentration of magnesi um C2F. 42 ror sampl e of Lescan
pyroxeni Lesl. The alteration of these rocks has produced thelr
gserpentinization. Soils derived [(rom serpentinss are Lthe highest
in chromium, wiLlh an average concentrablon of 2000-3500ppm.

In view of the fact that pyroxenites give chromium and
magnesium as weathering producls, a correlation betwsen Lhese
specles 1in Lhe groundwaters of Lhe area near Lhe outcrop was
evpected. The correlation ifadex betwsen Lhese elaméents and also
belwesen saturation indices of minerals conbtalnifng magnesium
Cdolomite and magnesitel, as itndicators of high magnesium levels
and chromium concentration was determined for the wells located to
the sast of the valley near the oulcrop and also for a number of
waelle located fTar from it. A correlation index of O:83 was
obtained between chromium and dolomite and of O.B2 between
chromium and magnesite for wells located near bLhe ocutcrop having
high magnesium level=z C>30mg-sl? and of 0.19 [(for chromium and
doelomite and =-0.14 for chroemium and magnesite Tor all Lthe ather
welle, Those correlations may be congsidered an indication of the
origin of chromium in this ares, since Lhe weathering of
pyroxenites produces magnesi am. caletum and bicarbonate as
products through the followling reaction:

L e——

EEaHannafilfam - 1r2ni * 11H2¢ i ﬂtﬂ;

2Al_SL O_COHY  + 2FeCOHd  + 2Ca™ + 2my®™ + 2sio, + aHco,

These results allow us to lnfer Lhat Lhe presence of chromlium
in this area iz assoclated with Lthe uliramalfic rocks. We also take
inta account the fact that during weathering chromium tends to
oxidize easily. This togheter wilh Lhe fact Lhat Lhere are no
anthropogenic sources nearby, angd the groundwater in this zone
flows down from the mountains, where Lhe pyroxenites are located,
to the valley leads us to this conclusion.

The higher chromium values oblained from the wells located to
the southwast of the valley about [ 3. 5km from Leon are associated

with the coperation of a chromale [aclary.



THE IMPACT OF OVERBURDEN TYPES AND OF S0IL GEOCHEMISTRY ON
THE SURFACE WATER QUALITY IN WESTERN FINLAND

ASTROM, M., BIORKLUND, A.

In the coastal regions of western Finland extensive and deep diwhing of ill, peat and
sulfide sediments has increased the soil depth of many areas. This has resulted in enlarged
leaching of metals and of hydrogen ions which has deteriorated the water quality of many
streams. The chemical components are most effectively leached out during the autumn rains
and after the snow melt period in spring and, therefore, the water of many streams has a low
pH {<4.5) and a high electrical conductivity (=300 mS/m) on these occasions. The affect of
acid rains on the stream water quality is probably of minor importance in this pant of Finland.

Ten streams with catchments ranging from 12 km' to 100 km® were studied. At three
occasions; during the autumn rains, after the snow had melted in spnng and during the dry
period in the summer, pH and electnical conductivity were measured at several sites in each
of the streams and in many of the feeder streams. In the autumn, in addition o the
measurements, water samples were collected in the streams and in the feeder streams and later
analyzed for 28 metals by ICP-MS at the chemical laboratory of the Geological Survey of
Finland., The two largest streams were studied in more dewail. In addition w0 the above
mentioned measurements and analyses, the waters of these were analysed for total organic C
contents. In the catchments of the two streams, till samples and clay/silt sediments were also
collected and later analysed for the contents of 30 eclements. The main purpose of the
investigation was to study the impact of overburden and of soil geochemistry on the stream
water quality.

The pH of most of the streams was low in spring and in autumn but much higher during
the dry surmimer. This was mainly a result of more extensive leaching of humic acids from
the peatlands and of sulfuric acid from the sulfate soils on the former occasions. In addition,
in sutumn and in spring the waters were cold (5-10°C) which inhibited buffering by organic
activity.

The total organic C content (TOC) of the waters was very high in the upper parts of the
two streams studied, >30 mgd and >50 mg/, respectively. Downstreams the TOC contents
decreased and at the outlet there was <10 mg/l and <20 mg/l of total organic C, respectively,
in the two streams. In the upper parts of the catchments large areas are covered with peat.
From these areas high amounts of humic- and fulvic acids are leached which resulted in the
observed dark colour and the high organic C content of the waters. In the lower parts of the
catchments acid sulfate soils, which have developed on sulfide-bearing sediments, becomes
mare important. From these sols acidic waters with high contents of cations are discharged
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which results in a decrease of pH and in 2 nse of the conductivity of the stream witers but
also i loccalation of the humic mateial, The decrepse sn TOC contents downstream wias
mainly a result of this floccalation.

The metal contents were very high in most of the streams studied, For example in
Riddardiket, which is mainly draining acid sulfate soils, the contents of Al, Cd and Zn were
55 mgfl, 5.4 pgfl and 1950 pgfl, respectively.

The high contents in the stream waters of several of the elements studied (Zn, Al, Ni. Co.
Cd. Mn, Ca and Mg) seemed mainly to be a result of extensive leaching from the scid suolfute
suils while other elements (Fe, Pb and As) were leached in approximutely equal amounts frim
the acid soils and from the soils developed on till, Only one element, V, was enriched in the
waters from ull and peat compared to the streams in acid sulfate soils, There are also
indications that the element contents of the stream waters are not only related 1w the
overburden types in the catchiments but also to the geochemistry of the overburden and of the
soils,



CEOCHEMICAL AND MINERALOGICAL STUDIES ON SOME WEATHERED
GEANITIC RDCKS,UMM TAGHIR AREA, EASTERN DESERT: EGYFT

BY

GAMAL M. ATIA AND MOHAMED 5. ATTIA
Geology depatment,faculty of science, Menoufia University.

EGYPT
ABSTRACT: During weathering there are mahy minaraleogical

and chemical changes Wwhich lead finally to complete cha-
nge even in the chemical percentages of different eleme-
nte. The mineralogical end - product suggests huomid ecli-
matic conditions as in Egypt. The main oweathering prod-
ucts of the granitic rocks are kaolinite, 11lite; chlor=-
lte and gibbsite. Through weathering processes, slements
ag Na and K are leached, otheres ag Ca and Mg are concen-
trated. From this study, we can diffrentiate between two
distinct and different processes; exit of elements from
the structure of the mineral which acts the destruction
and weathering of that mineral; and the concentration
and leaching of an element which depends on its geochem=
ical behaviour and have no ralation with the weathering

of minerals included.

* Corrgspondence aukther.
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Mineral Exploration Prodedures and Geochemical Exploration in Austraiia

M. Aubrey and J.J. Xie
In general, an explaration project immnives fglowing steges

1) Literature search

2) Exploraion Licence (EL) apphcation
3) Reconnaissance field work

4) Follow-up, and

2) Evatuabon of explorabion data

Of course, a particular project miay not inaiude &l the above stages and can be
terminated at.any time Geochemical exploraton methods are used at every stage of an
exploralon praject During recannaissanse stage, stream sediment sampling, satellite
imagery interpretation, aifborne geaphysics are the most popular tools for guick
covenng of a large area VWhile on a prospect scale, soil, rock ¢hip and ground
geophysice are often used Based on the results of surface work, it will be decied fa
anliing programme wall be carred oul

Slatistics on the explorahan projects carried aut in Austraha will reveal the trends of
Australian exploration since 185U0's  [his wili cover followng aspects of mineral
exploration.

1)Geochemical methods used
2}Targeted mineral deposrt tyoes
J)Deposit ages

4)Geographical distnbution over Australia
S)iHosting lithologies, and

B)Structure controls

11



ECOLOGICAL-GEOCHEMICAL MAFPPING IN THE LANDSCAFEE OF THE B0UTH
SIBERIA (IRKUTBEE- BHELEKHOV REGION)

BELOGOLOVA G.A., KOVAL P.V.

Geochemical mapping 1s one of the most reliable
approaches, aimed at pollution assessment and monitering of
the environment. The survay from dispersion flows is
particularly significant under study of large areas, though
some methodological aspects of this approach should be
developed.

Geochemical survey has been accomplished from dispersion
flows in Irkutsk and its surroundings with the aim to select
the express ecological-geochemical_ mapping approach ( 3.500
8g. km, 1 sampling point per 16 kmaji The bottom (0.25, 0.25-
1, 1-3 mm fractions), overbank (0.25, 0.25-1mm) sediments,
surface waters and plants (birch, willow, moss) were sampled.

The most part of the region is composed of the Jurassic
terrigenous sequences from the southern margin of the Siberian
Platform. The small part of the mapped area is occupied by the
Precambrian magmatic and metamorphic complexes. The
predominant relief is the moderately dissected hilly plain of
denudation.

The considered experiment can be divided into 3 stages: 1)
sampling, express semiguantitative ([partly gquantitative) OES
analysis (Ag, Pb, Zn, Cu, Ag, Ni, Cr, Co, ¥V, Ti, Mo, Li, Ga,
Ge, 8n, Mn, P, B, F, V, Hg) of the samples,combined by
compiling the set of geochemical mapse; 2) analysis of the
samplea by the guantitative methods and compilation of
different geochemical maps; 3) sampling of soil profiles (50
km) and sections of the overflood sediments [ 15 sites).

The" Multi-dimensional field " computer programme was used
for data processing. It provides the statistical parameters,
the singleelement maps, determination of geochemical classes |
associations of elements) and geochemical (multielement)
classes maps. The pattern of the latter significantly depends
on the chosen background.

By the content of the majority of trace elements the
average compositiona of waters and alluvial sediments
correlate with those for other regions of the world. The
overbank sediments, particularly their fine fraction) are
enriched in the majority of trace elements, though the
compaositions of different fractions of the same alluvial
facies are similar. The anomalies in the fine fraction of the
overbank sediments are mainly wvast and contrast. They well
coincide with the hydrogeocchemical and biogecchemical
anomalies. The pollution anomalies correlate with industrial
and economic activity: industrial-settled zone of Irkutsk {(Ag,
Cu, Zn, PFb, Hg, Hi, Cr); zone around Shelekhov with aluminium
plant ( F, V, Cu, Mo, Fb, Cr, Ni); agricultural zone (Ni, Co,
™, ¥, P, ¥, O, Mn, Hg).

The different herizens (A, Ay, B) leaves and branches of
birches and moss are sampled at the base stations. In case,
the correlation between geochemical anomalies of the horizon
(Ap-A1) and B one, possessing lower contents of the assocciated
elements (Be, Hg, Pb, ©Cd, F etc.}, 18 not available, the
anomalous concentrations in the scils result from the man-made
affects. It is confirmed by the correlation of such anomalies
with certain pollution sources.
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The intensive accumulation ([ up to 2-3 times] of heavy
metala ( Hg, Cd, Pb, Ag, Au) are observed in the upper part
(0=-10 to 20-30 cm) of the overflood sediments within the zone
of man-made anomalies. The significantly increased
concentrations (up to 2-3 times) are evident deeper than 70
cm, which is, possibly, due to secondary contamination of the
terrace sediments by the ground waters.

The analysis of the obtained data indicate that the
geochemical mapping from fine dispersion flows, based on cheap
and express semi-quantitative analysis, which is preferable
than the mapping from the overbank sediments, can be widely
applied for express geochemical assessment of pollution by
metals, planning of territory use and mora detailed ecological
works.

The assessment of anthropogenic influence intensity may be
given using (1) change of natural chemical element
agsociations; (2) comparative study of different geochemical
media, facies and fractions; (3) comparative analysis of
geochemical maps with the maps of zoning and industrial use;
{4) traditional approach 1i.e. application of geochemical
indicators of changa and state of the environmant.

13



POSSIBLE EFFECTS OF IRON COATING IN THE RECOVERY OF GOLD INH A
DEAINAGE SURVEY

E.BHEEMALIKNGESWARA

13 stream sediment samples about 5 kg each, of minus 20 mesh
size were collected, as part of a drainage survey, from an area
of known Precambrian multi-metal deposit (Cu,Au,W ete.) located
in Central India. The aim of the survey was ¢to standardise the
gecchemical exploration methodology for gold.

The samples were dried and sieved ko obtain -30+50, =50+80,
=80+120, -120+20Gv and =200 mesh size fractions. Since the guanti-
ty¥ of the finer fractions (from =50 mesh onwards) was not suffi-
cient to make reguired number of aliguots, only the -30+50 mesh
glze f[raction was considered in the present study, One half of
the fraction was processad for heavy mineral concentrate using
bromoform 4nd run in Isodynamic separator (I.S) at different
ampere vtanges of 0,4, 0.8 & 1.2, Other half wasz direckly run in
I.5 at simildr setbtings,. All the magnetic (collected at 0.4, 0.8
& 1.24) and non=-magnetic {at 1.2A) fractions of both mineral con-
centrate and bulk sample were snalysed for Au using AAS. Contrary
to @xpectation much higher wvalues ranging from 0.3 to 1 ppm wara
recorded in magnetic and negligible wvalues, from 0.1 to O0,3ppm,
in non=magnetic fractions in both the cases. To confirm the data,
all the fractions were scanned under sterec=zoom microscope. The
mineral identification in the case of magnetic fraction was diff=-
jcult due to the presence of hedvy iron coating. The non-magnetic
Eraction, on the other hand, was weakly coated and contained
mainly guartz, mica , feldspar st

All Ethe magnetic fractions of heavy concentrate & bulk
gample were combined {(to avold repetition), treated with 10=20%
HCl to remove the coating and were ce=run in the I.5 at similar
ampece rangeas. Mora Ethan S50% of cthe matearial was found to be non-
magnetic at 1.2A. The grains were clear and were again scanned
under stetreo-Zoom microscope. Expectedly, two gold nuggekts each
{largest being 700 pm) were found in the non-magnetic fractions
from both the bulk sample and heavy mineral concentrate. Chemical
analysis of these fractions confirmed the above observation. Gold
values upto 1.5 ppm were recorded in the non=magnetic and <0.lppm
in the magnetic fractions.

The higher gold concentrations recorded in the magnetic
fractions were thus due to the presence of heavy iron coating.
The seconddry iron coating has influenced pacc of the non-magnet=-
ic material including gold nuggets (while running in I.5) to move
towards the magnetic fraction, thereby diluting gold wvalues,
expected to be higher in non=-magnetic fractions. The results
obtained in the study prove. that there iz a need for modification
in ‘the sample processing procedure for the panned concentrates
when the non-magnetic fraction is used for chemical analysis.

A scheme [z suggested for sample preparation in situations
where presence of iron coating i3 conspicucus. Thia method not
only enhances AU concentration in the tractien to be analysed but
also helps in the maximum recovery of gold present in the sample.

GEOLOCY DEPARTMENT, UNIVERSITY OF DELHI, DELHI-110 007, INDIA
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DISPERSION OF GOLD AND ASSOCIATED ELEMENTS IN THE LATERITIC
REGOLITH, MT. PERCY, KALGOORLIE, WESTERN AUSTRALIA

C.RM. BUTT

Ivision of Exploration Geoscience, USIELY,
Private Bag, PU), Wembley, Weslern Australia, 6014

ABSTRACT

The dispersion of godd and over 40 other elemenis in e laeritic repolith has been siudicd s e Mi,
Percy pold mine, near Kalgoorlie, Western Australia. Primary Au mineralizgtion in the Mysiery Zone
at Mt Percy oocurs in fuchsite-carbonate alteration #ones of the confact with porphynes intnuding
chioritic tale curbonate ultramafic rocks. The mincralized sequence has been decply weshened and is
concealed bencath an almost complete lateritic regofith over 60 m thick, The regolith consisis ol
saprolite (50 m), which is clay-rich in the top 10 m, plsmic and mottled clavs, and surficial hordzons
of Intentic gravels, latentic duricrusts and pisolitic soils.  The surficial risons comun pedogenic
carbonates and alunite is present in the upper sapeolite.  Samples from W sections aoross he
Mystery Zone were collected at 1 or 2 mointervals ol guch 2.5 m level throoghsout the repolich gs
mining progressed.  Samples of resh rocks were oblgined from diamond drill core, A selection of
these samples, including o complete section through the primary mineralization, wis analveed o
illustrate elemenl distnbutions in the fresh and weathered mocks.  The elemenis associuted with
primary Au mineralizsion appear (o be 5, Ag, W, Ag, §h, Te and, possibly, Ra, K and Ph, bul ¢xeepl
for Ag and Te, nome has a very direct commelation with Au.

The Au distriboton in the regolith is typical for the regiom, with minor cocchmen) and wide Boeral
dispersion in surficial gravels and duricrust (in pan sssocisted with pedigenic carbomates), bewctung
and depletion in the underlying clay-rich hodzons, and some secondary conceniathon amd e
dizpersion in the saprolite. Examdnation of panned concemrates indicates thial Au occurs s clectrom
anid Au lellundes in the primory mineralization, wheress in the regolith most of the Au appears mo be
secondary, consisting o grains and orystals of pune Au wilh very low Ag contenls (<IL3% Ap)
Tellurivm and Ag contents in primary mineralization are both in the renge 0,25- 19 ppm, with the rutic
ApTe=1; these abundances dre maintadned in the Fower saprofite, below about #m. bl both
clements are strongly leached abowve this depth.  The occurrence of substanbial secomlary
remobilizatton 15 marked by the presence of compleX mixed prains of Au, Ag anddn Te, both
clemental and s chilondes and bromides. Prmacy and saproliiic Au mineraiizaion is imdicated by 2
brosd superjacent Au snomaly [O0-5000 ppbi in the soils and lateritic horsons, and by high
concenirations of W (5-60 ppm), Sb (7-25% ppm} and As (=3 ppm) High K comienis,
civresponding 0 resistant muscovite, phve surface expression e (he aligrton aone,  Althoogh Au
contenis ane < 100 pph ko the underying clay-oich orsons, Sb, Woand, w a lesser extent, As nemin
anomalous; high Ba, and K contems indicste the porphyries and alteratbon sones, respectively,

The porphiyrics and ultramafic rocks can be discriminated throughout much of the egolith by refaiive
ahundtances and ratios of Ti, Zr, Ba and K. However, the lateritic horizons over the ultramafic nocks
have abnormal geochemical sipnaiuncs, They have lowe Ur comtenis (< 1K ppm ), bedanse primiry O
i5 present in weatherable chiorite rather than resistant chromdte, but are enclched im0 " iooomosbile”
clements denved from the porphyrics. The distribution patterns of the elements are the resull of the
regofith developing and evolving under changing conditions, The lateritic regolith [urmed during an
carly warm humid period of strong leaching, and has been modified in mawe recent arid phases, (unng
which the water-table declined, proundwiaiers have becoane saling and mineraly such gy caloie aml
alunite have precipitated in upper horzons of the profile.  Physical erosion haes resalied in minors
Iopographic Inversion.
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GEQOCHEMISTRY AND GEOSTATISTICS USED AS AN EXPLORATION
TOOL FOR VOLCANOGENIC MASSIVE SULPHIDES DEPOSITS: THE
{:Aﬁﬁgi THE MILLENBACH DEFPOSIT, ROUYN-NORANDA, QUEBEC,
CAN

CARIGNAN, J,

The study of the global geochemical environment and more precisely of the
systematic spatial variations in and around alteration pipes with
geostatistical techniques has led to the development of a pgeochemical
exploration techmique useful in the search for volcanogenic ore deposits. The
area studied is the immediate and proximal environment of the Millenbach
mine near Noranda, Quebee. The ore deposit ia part of the Abitibl voleanic
belt and more precisely of the Dufault cale-alkaline unit. It is a classical
example of a volcanogenic Cu-Zn massive sulphides deposit.

The results obtained are based on 368 samplies analyzed for major elements
snd 24 minor elements. Variograms were used to determine the best
sampling interval for drill holes of the studied environment, that is 26
meters, Migration of elements can be noted further than vimble alteration,
like dalmatianite, fellowing the available plumbery such as porosity or
degree of breciation of the host rock.

The data treatment is done on a molecular base and nearly all elements
are mnbile. Correspondence analysis and classical profiles show close to
deposit an increase of Fe, Mg, K, H20 and a decrease of Si, Ca, Na for major
elements, an enrichment of Cu, Zn, Ag, Cd, Pb, Au, As and a depletion of
Mn, Li, Ba for minor clementa.

The best anomalies are at the "Amulet rhyolite"-QFP contact even though
the deposit is at the higher QFP-andesite contact. These anomalies are
shown by the u=c of un alteration index (QAI203 + QFeD + GQMgO + Qh20 -
GNa20 - @QSi02'Qiolal) and a mineralization index (In Cu+ InZn +In Cd + In
Ag -ln Mn - In la - In Ba). These indices are bsed on a correlation study and
ure normalized fur each type of rock. Varialions extend mostly between 100
and 275 m from the puneralized pipe bul some traces were found up te 500 m.

All these conclusions are compatible with the fumerolic origin of
volecanogenic massive sulphides deposits in agreement with the results
obtained from thy microthermometric study of fluid inclusions. The
minimum temperature of the mineralizing fluid is around 150 °C and the
salinity is from 15 (o 20 % eq. NaCl.

All these observations have led us to establish a logical sheme for an
exploration program.
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GEOCHEMICAL MODIFICATIONS OF AN AQUIFER RELATED TO
WATER PUMPING: THE NIOBEC MINE, QUEBEC, CANADA

CARIGNAN, J., MARTIN, A.

The Niobeec mine (a nichium depoeit in carbonatite) is a pood example of a
brine in a carbonated environment. The interactions at the surface of the
cone of depression between the surfacial recharge and the upflow of deep
brines induced by pumping can be quantified by a geochemical
characterization of the aquifer with a proper modeling of the rock-water
interactions.

The salinity (TDS = 2 gl to B0 g1) implies some corrections to estimate the
carbonates saturation. The activity coefficients must be estimated;, the
salinity correction must be applied to the pH and the two acidity constants of
CO02; all the chemical equilibrium congtants must be corrected for all
temperature differences and finally the ionic complexes contents can be
caleulated. It is seen that ionic complexes can increase the solubility of
carbonates by a factor of 1 to 20.

Burficial recharge waters in the cone of depression are under-saturated in
calcite and dolomite., In the deep aguifer (300 meters or more), caleite is
saturated, even over-saturated because of the pressure effect. The pressure
has been calculated and the value coincide with the one measured by
injection in drill-holes. Dolomite has the same behaviour. Gypsum is
greatly over-saturated everywhere.

A first population of samples is characterized by a weak ionic strenght
(legs than 0,15) and is composed of surficial infiltrations circulating in a
karstic network, A second population represenis the upper part of the
aquifer under the recent influence of recharge waters and is characterized by
ionic strenghts between 0,2 and 0.4 but also by abundant sullate complex {200-
800 ppm). The third population corresponde to the deep aquifer sensu stricto
Sulfate complex abundance i3 a lot lower (less than 100 ppm). The ionic
strenght is higher than 0,5 and increases rapidly with depth, Strontium is
abondant (300-1000 ppm). [t originates from calcite whone solubility greatly
increases with pressure.

The sulfate complex is the result of sulphides oxydation in the desaturated
zone of the carbonatite. In terms of Eh-pH, the stable species of sulfur in the
zone is effectively the sulfate complex. It is transported by surficial
infiltrations, accumulated at the surface of the cone of depression and
precipitated with strontivm in celestite, The sulfate complex is a good
marker of the interface between the desaturated and the saturated systems.
Ferrous iron in the sulfurous species is also cxydated in ferric iron and it
colours the fractures surfaces in which there is phreatic circulations. The
aridity induced by the ferric hydroxydes precipitation is neutralized by tho
carbonates, pH being between 7 and 8.

The salinity gradient with depth can be related to the dilution of & very deep
original brine saturated in halite. The dilution waters are meteoritic and the
dilution rate decreases with depth. This dilution is at a regional scale and
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acted for millions of years. The originel salinity migrated uwpward hy
diffusion on hectometric, even kilometric distances.

Nevertheless, the salinity gradient, far more important at Niobee than in
any other drill sampled locations in the Precambrian shield, supgests
important ascent of deep brines due to 25 years of water pumping at the
mine. The dilution water is the surficial recharge infiltrated in the cone of
depression. The dilution rate, estimated by the galinity of surface water, is
about one to one.

The influence of surface waiers on the geochemistry of deep brines,
induced by pumping, is confirmed by seasonal variations of the aquifer
temperatore al a depth of 300 meters.
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DISCOVERY OF RADON POTENTIAL IN THE RINCOH SHALE, CALIFORINIA -
A CASE HISTORY OF DELIBERATE EXFLORATION :

DOMALD CARBLISLE AHND HAYDAR AZRZOUZ

Elevated indoor levels of radon gas (En 222) are associated
with excess lung cancer in humans. Risk estimates are
currently derived from probability samples of houses over
large regions and do not detect radon-prome subareas.

Gealogical exploration incorporating aseroradiometric data,
goil-gag radon and scil-gas permeability has identified an
unsuspected belt of abpnormal indoor radon in southern
California. FRoughly 74% of houses on the Rincon Shale and
spils derived from the Rincon exceed the US EPA guideline of 4
pci/1 {148 Bg/m?) and 26% exceed 20 pCi/l (740 Bg/m') in
standardized "closed-house" screening tests. Pifty three
percent exceed 4 pCi/l in longer-term measurements under
normal ventilation conditclons.

Strong correlations between asroradiomecric data, soil-gas
radon {(adjusted for soil permeability), geclogy, and indoor
radon reflect the unalcered character of gsedimentary host
rocks and a conseguent tendency for anomalous uranium to oCccur
throughout giwven rock units rather than in epigenetic
mineralized zones. Under thege circumstancesg, deliberate
geological exploration may be a more efficient approach to
indoor radon risk identification than simple random sampling
or non-random testing of houses. By the game token geclogical
parameters can facilitate radom risk assessment on undeveloped
lands. Attention is drawn to multiple populations within
radon test samples and the consegquent problems in estimating
regional parameters.

Proposed Abstract by

Donald Carlisle and Haydar Azzouz
Department of Earth and Space Sciences
University of California Los Angeles

Los Angeles, Califormia. U.5.A. 950024



ULTRA-TRACE RARE EARTH ELEMENT ANALYSIS OF GEOCHEMICAL
REFERENCE SAMPLES USING A RECYCLING NEBULIZATION SYSTEM
WITH A DISPOSABLE SPRAY CHAMBER BY INDUCTIVELY COUPLED

PLASMA-MASS SPECTROMETRY

Zhongxing Chen, Brian J. Fryer and Henry P, Longerich
Department of Earth Sciences and Centre for Earth Resources Research, Memorial
University of Newfoundland, St. John's, Newfoundland, Canada A1B 3X5

In recent years, the precise and accurate determination of rare earth elements
(REEs) in a range of rock types has became increasingly important. Interpretation of the
REE geochemistry of igneous and metamorphic rocks and minerals is a prerequisite for
the development of many petrogenstic models. Inductively coupled plasma-mass
spectrometry (ICP-MS) is a multi-element analytical method having detection limits across
the whole mass range which are superior to most conventional techniques, particularly
for heavy elements. However, there are samples in which the REE concentrations are
below the detection limits (0.01-0.1 ppm) of whole rock procedures (1) in which samples
are prepared at 0.5 g rock per kg solution (0.1 g per 200 g solution). A procedure, such
as ion exchange, which increases the concentration of the REE's while maintaining the
total dissolved solids at less then 0.1 % is required.

In this study, 15 ultra-trace rare earth elements have been determined in 5
international geochemical reference samples at ultra-trace levels, PCC-1 (USGS), AL-]
(GIT-IWG), FK-N (ANRT), NBS70a and NBS99a, using a recycling nebulization sysiem
with a disposable spray chamber by inductively coupled plasma-mass spectrometry (2),
after preconcentrating the REEs from a 100 mg sample using cation exchange. Samples
were dissolved, and a REE separate was obtained using 10 ml of cation exchange resin
in a quartz column. Major elements were eluted using 2 1.13 M HNO,;-0.63 M HCI
solution. The REE were collected using 8 M HNQ,. The solution containing the REE's
was evaporated to dryness, the residue dissolved in HNO,, and diluted to a final weight
of 2 g using 0.2 M HNO,. Solid limits of detection are 0.01-1 ppb. Precision, accuracy
and sample heterogeneity are addressed.

(1) W, Doherty, Spectrochim. Acta, 44B: 263-280.
(2) Z. Chen, H.P. Longerich and B.J. Fryer, J. Anal. At. Spectrom., 7: 905-913 (1992},
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DETERMINATION OF PRECIOUS METALS IN SULFHIDE AND MAGNETITE
MINERALS BY INDUCTIVELY COUFLED PFLASMA-MASS SPECTROMETRY
AFTER PRECONCENTRATION USING CATION EXCHANGE

Zhongxing Chen, Brian J. Fryer, Henry P. Longerich and Simon E. Jackson
Department of Earth Sciences and Centre for Earth Resources Research, Memorial

University of Newfoundland, St. John's, Newfoundland, Canada A1B 335

The determination of the natural concentrations of precious metals must take into
consideration their occurrence in rare, discrete, and inhomogeneously distributed
minerals. The analysis of rocks and ores for these elements is often performed on large
(10-60 g) samples using fire-assay collection to obtain representative bulk concentrations.
To examine the distribution of these elements within and between minerals requires
analytical technigues using a more specific microsampling technique.

Serious interferences of base metal-argon polyatomic ions and matrix effects that
hampered the accurate determination of precious metals by inductively coupled plasma-
mass spectrometry (ICP-MS), require quantitative separations of precious metals from
base metals. Solvent extraction (1) or Te precipitation (2) have been used for the
separation of precious metals from the matrix elements in samples. These methods are
not applicable for the milligram weights of samples due to the high reagent blanks.

A method for the separation of seven precious metals (Ru, Rh, Pd, Re, Ir, Pt, and
Au) from large amounts associated base metals in dilute hydrochloric acid solutions using
a strongly acidic cation exchange resin, Amberlite CG-120 is described. The method has
successively been applied to the determination of precious metals in small quantities (2-20
mg) of high purity sulphide and magnetite minerals by high sensitivity of inductively
coupled plasma-mass spectrometry using an aulomated 2 speed peristaltic pump speed
controller for controlling sample solution uptake rate for analysis of small sample volumes
(3). Solid limits of detection for a 20 mg of sample are less than 4 ppb for Ru, Rh, Re,
Ir, Pt, and Au, and 29 ppb for Pd. Analysis of nickel sulphide fire assay beads of the
reference material, SARM-7, shows good agreement with certified values with relative
standard deviations of less than B%. Poor accuracy for Au are duc to sample
heterogeneity of small samples of the nickel sulphide bead used for analysis.

Data from the analysis of sulphide and magnetite minerals from Sudbury copper-
nickel sulphide ores demonstrate the ability of the method to make useful determinations
of precious metals for the study of ore genesis,

(1) A.D. Shrendrekan and E. Berg, Anal. Chim. Acta, 50: 382 (1968).

(2) B.J. Fryer and R. Kerrich, Atomic Absorption Newsletter, 17: 4-6 (1978).
(3) H.P. Longerich, Submitted for publication in J. Anal. Atom. Spectrom. (1992).
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A GEOCHEMISTRY DATABASE FOR THE HAURAKI GOLDFIELD,
NORTH ISLAND, NEW ZEALAND

CHRISTIE, A.B.

Stream sediment geochemical analyses from exploration surveys of the Hauraki Goldfield,
North Island, New Zealand, carried out by private mining companies, have been collated and
assembled in a reladonal database wrmed REGCHEM. The database operates on an [BM-
compatible PC microcomputer using an application programmed in dBASE IV, Data for
more than 6K stream sediment samples have been entered to date, giving a total of about
30,000 separate elemental analyses,

A study was made of analyses from a set of 1400 samples collected by AMOCO Minerals
(NZ) Lod during their exploration of a 200 km® area in the north-east pant of the region
{(Whangapoua-Mahakiraua area). The prospect consisis of Late Tertiary volcanic and intrusive
rocks of intermediate compositon and contains several epithermal deposits with small past
productions of gold and silver. Sets of Cu, Pb, Zn and Mo geochemical analyses were
statistically analysed using PROBPLOT (Association of Exploration Geochemisis special
volume 14). Thresholds separating backpround and anomalous sub-populations were
determined as follows: 37 ppm Cu, 31 ppm Pb, 112 ppm Zn, and 2.3 ppm Mo, The largest
anomalies are attributable 1o previously mined epithermal gold-silver deposiis, whereas several
smaller anomalies relate to areas of known alteration associated with past epithermal or
porphyry style hydrothermal systems. This lefi a few isolated anomalous values m be
explained. Molybdenum was the best pathfinder for the known epithermal deposits.
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APPLICATION OF AN ENZYME-LEACH TECHNIQUE TO DETECT THE
BURIED MAG AND CLAY PIT ORE DEPOSITS, GETCHELL TREND,
NEVADA, USA

Clark, J.A., Kretschmer, E.L.

Significant areas of bedrock in the Basin and Range Province of MNorth
America are buried by transported sediments. In this region selective
chemical analysis of soils, which determines the amount of a trace
element that has been added to the overburden rather than the total
amount of that element in the overburden sample, is a technique that
may detect mineralized bedrock. In arid climates trace elements released
by oxidation of sulfide minerals at depth can migrate up through
overburden by capillary action or diffusion of volatile compounds. These
elements may be trapped in manganese- and iron-oxide coatings on
mineral grains in the overlying soil.

Amorphous manganese dioxide, which is commeonly a very small pan
of the total manganese oxides in soils, is one of the most efficient natural
traps for trace elements that are moving in the surface and near-surface
environment. A glucose oxidase leach has been used to preferentially
leach and enhance anomalies associated with amorphous manganese-
oxide coatings on mineral grains. This enzyme reacts with dextrose in
the leach solution to produce trace amounts of hydrogen peroxide and
gluconic acid. Dilute hydrogen peroxide readily reduces and dissolves
amorphous manganese dioxide, releasing trace elements trapped in that
compound, while crystalline MnO, phases are only weakly attacked.

The Enzyme Leach technigue was tested on B-horizon soils collected
over the Mag and Clay Pit deposits, which are pediment-covered
epithermal, Carlin-type disseminated-gold deposits in the Getchell Trend,
northeast of Wionemucea, Nevada, Both deposils are hosted by
Paleozoic shales and carbonates. The Mag ore body dips steeply to the
east and is covered with about 60 meters of basin-fill gravel. The Clay
Pit deposit is covered by approximately 60 meters of post-ore ash-flow
tuffs and basalt, which are intensely argillized and are capped by about 7
meters of gravel and sand. B-horizon soil samples were collected along
two traverses over each of the deposits, and the samples were analyzed
for 56 elements.

Anomalous As, Br, Cl, 1, Mo, Sb, U, V, and W concentrations wera

JA Ciark, Erdigmen Lmach, Bageg AFG Cand, 24



found along both traverses at the Mag deposit.  For samples collected
along a traverse crossing the surface projection of the ore body, these
anomalies were strongest at both edges of the deposit, and a central area
of suppressed to weakly anomalous trace-element values occurs directly
over the subcrop of the mineralized body. For this traverse the anomaly
on the up-dip side of the deposit had a relatively low contrast and was
restricted. Much stronger anomalies were found over a broader area on
the down-dip side of the ore body. The anomaly at the south end of the
Mag ore body seemed to be centered over a down-dip extension of
unoxidized, mineralized rock.

Strong As, Br, Ce, Cl, I, La, Mo, Sb, Th, U, V, and W anomalies
were found at both edges of the Clay Pit deposit along one of the
traverses. However, the analysis of samples from the second traverse
did not reveal any anomalies. This second traverse provides an excellant
example of how an ore body can be missed because of a poor sampling
design.

The Enzyme Leach technique was effective in locating these two
buried gold deposits. We thus recommend that the technique be
considered for geochemical exploration programs searching for buried gold
deposits in other arid regions.

J.R. Clark, U.S. Geological Survey, MS 973, Denver, CO 80225, USA
E.L. Kretschmer, P.O. Box 1274, Winnemucca, NV B9446, USA
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THE SIMULTANEOUS DETERMINATION OF ALUMINIUM. IRON
{(Il) AND IRON (I1I) IN A FLOW INJECTION SYSTEM

NICHOLAS CLARKE and LARS-GORAN DANIELSSON

Aluminium and iron are elements of greal geochemical and wxicological
importance. We have tested the possibility of determining Al, Fe (11) and Fe (I11)
simultaneously using complexation by.various reagents in 2 Mlow injection system,
using a fast scanning spectrophotometer as the dewector. A multivariate analytical
method, Partial Least Squares, was used to separate the contributions 1w the signal
from aluminium, tron (111} and iron (I1).

Preliminary results showed that, using 8-hydroxyguinoline-5-sulphonic acid as the
reagent, our system was able o measure iron (1) and aluminiom correctly in each
other's presence, but could only measure iron (IT) correctly in the presence of
aluminium if present at high concentrations. The sampling frequency was 100
injections/hour with a reaction time of 16.4 5. Serious interference was caused by
humus, while Ca2+ and Mg2+ may also be present in natural fresh waters in quantities
large enough to interfers. IUs potentially possible to use the method Tor the speciation
of aluminium and a more detailed speciation of iron. This can be done by choosing the
reaction lime such that only labile forms of the metals have time o react.
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DEVELOPMENT OF SYNTHETIC CHEMICAL STANDARDS FOR USE IN
EXFLORATION AND ENVIRONMENTAL GEOCHEMISTRY

D.R COHEN and RW. BECK

In a range of exploration and environmental geochemical applications, it is
essentzal that a high degree of accuracy is maintained for trace metal analysis. This
is particularly true for environmental assessments associated with mining or
exploration activities given the increasing stringency of environmental regulations.
The determination of accuracy and precision for trace elemert analysis in geological
materials is partly dependent on the monitoring of suitable geochemical reference
materials or standards. As comparative analytical techniques such as ICP-MS5 and
INAA are subject to a variety ofp::nmx interferences, standards should ideally
contain trace element concentrations and mairix compositions similar to the samples
being analysed, exhibit the required level of homogeneity, and display long term
physical and chemical stability.

It is difficult to achieve adequale levels of homogeneity in solid geochemical
standards developed by milling rock, ore, sediment or vegetation samples. Gold
presents spedial problems due to its ability to resist comminution and the particle
sv:a.tnl::,r effect. There is also the problem of preventing segregation of components of
varying density or particle sizes within standards.

Establishment of the true element contents of "natural” standards is generally
based on a statistical assessment of analytical data derived from one or more
technigues. Reported data in collaborative programs are generally highly incoherent
am:l often result in severel:,r skewed distributions. A comparison of published data

on gold contents of USGS standards BHVO-1, BIR-1 and DNC-1 using fire assay-
INAA indicates relative standard deviations exceed 50% in some cases, at the 1g
sub-sampile size. Certified values for (natural) standards may closely estimate the
true values but the true value is an iceal which cannot be perfectly

Gilica gel techniques, based on an organo-silica reagent, have been used to create
synthetic or partially synthetic standards whose chemical and mineralogical
compositions are similar to soils or sediments. Two of standards have been
developed = high purity formulations and standard agditions to geological
malerials such as quarkz sand, iron oxides and latentic soil.

Synthetic standards may be produced at relatively low cost compared with the cost
of milling and mixing large quantities of natural materials. This allows for their
routine use in monitoring within-batch analytical precision and accuracy.

SEM work indicates the trace metals (or their salts) are present as thin coatings on
silica particles in the 0.1 to 5 micron size range. In the second type of standard, the
silica gel particles are themseives loosely attached to the substrate rock or soil

icles. The trace metals are readily attacked by acids. The effective gold particle
size in the standards has been estimated as penerally less than 0.2 mm by the
GOLDCALC sizing method. ‘

For most elements investigated, the relanve standard deviation for analyses of sub-
samples in the 0.1g to 30g range is less than 1%. The formulation of multielement
standards presents some problems due to chemical interactions between spedes. An
alternative method involving mixing of single-element standards to obtain the
required composition appears feasible.
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THE ROLE OF THE YELLOW-CLAYEY TOPS50ILS (LATOSO0LS) FOR GOLD
GEOCHEMICAL EXPLORATION IN LATERITIC TERRAINS: AMAZON
REGION, -BRAZ L.

EOSTA. M. L., ANGELIGH; R.5.

Opne of the most Imteresting features related Tuo fatarita
research and geochemical exploration In low-l8tlitude reglons,
mainly In the Brazilian Amazon region and In West Africa, are
the wide|y spread yallow=¢layey topsolls, which can be resaifdug!
or locally transported lalosols. They occcur Invariably covering
pider complete or truncated laterite profilesa Iin DOTh regions.
In the Amazon reglon, where they are reglonally d|stTributed,
geveral works dealing withh the origin of these Iatosocls have
been done genarally showing & good correlation with bauxkite-
bearing profiies. The allogcthonists authors suggest diffareént
Riphote®ls For their grigin: marina Sedimentation: mud=Tlow
deposdts under semi-arid climate; terrestrial qedimentation and
Biso aB termite activity pruducts. The Butocthonistes authors

Buggest that theses sail profiles developed by chamical
dagragation from the tormer horizons (lron crust, bauxite and
Bapr B} wnder Trooical climate during the present and &also
In© late TErtiary., Meanwhil®, This maeterial racalvad no

direct  attention ofF QEuloyists to understand The diatripbution
fconcentration and dispersion) of The chamicdl =®lamentds Tfor
practical use In geochemical explaratiGn.

Im the Bmazon region, Lhesa l&tosols are called "Belterra
Clay". They can be correlated with The Topsoils from lateritic
profiles of West Africa, described also asg H1 or lopse=clay
horizon by French gealvgists, Becdause These materisis are
found evarywhere on the landsurfacea In lateritic terralns, They
Bre the most common and important sampling media In geochamical
golf survevs. They sahow a typlcal wellowlsh color, earthy
aspeet free of sStructures and aAre composed by kaplinlte,
quartz, Al-goethite and wariable contents of gibbeite. In The
Amazan reéglaon, this soll cover can reach up to 20 m depth ana
Iin 8uch situstion they seem to hawve baen shortiy transported
and present a4 thin peblle sequence composed of dron crust
and/or bauxite fragments At the base of the profile, as stone
linéds, These Ttupsolls gendrally pccur on ald peanaplanized and
dissacted landasprfacesd (iplateaus ). Thay Fulfil NBFFOwW
palescanals wsnd other depressions, 0On the center of ‘The
piateaus they are some times ebsent and on HIFling lowlands
thin and may contain (run concretions and nodules a8 wall @8
gtone lines. The origin of this material I8 cidarliy related 1o
chemical and Blo|logical weathering of the former top horiZons
from elther mature or immature laterite profllies, deslocated
during the periods of dissection and peneplanization tTo tTha
pre=gxiating depressions developed on The lateric terraing,
On this transporten Gverburden It |5 possibile to delineats
slanificant geochemical slgnatures wusing <tThe | ow gold
concentrations. Where Righ gold content persist evan in
ovVErburden composed by deslocated solls, primary minarallzation
with the similar contenl can be found.

The geochemical dispersion haloes (n such s0ils wil| depend
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from which part of the peatfile the G011 6 darived and of
Coursa, from the Time of formathon, and tTneir degres uf
transport. The disgeraian hialDo megsured from tThe foarmar
contact between primary mingralization and aurrounding FOGCKs
reaches 100 m far the aol darlived fromi Jron Erval or bDauklte,
gnd a5 less as 20 m the For those derived from saproll te.

Geochemical survaeys congducted o SUCh top soiis and
palegsolls In the AmMazon reqgion, were pbtained In the Cassipora
ragilan, with bauklitic laterites, inm the Carajés reglon, with
|@teritited gossans and 0 Che IpiTtingda river wlETh |laXeri| feg
and gosgsdns 44 wel | d8% i Twl uwlder g0l d produzer regiong:
Tepa|as Fiver wilTh latarite and woasans and Gurupl reqiuan
mestly with taterites of differént composition. |n all Thase
regions the solls cover latervite profiles with different degres
of Truncation,. Tha resulils revaal that 1he loose-glayay
TGpanl |4 Land pal B0l a) decived Fram the weadthéring ut the
farmer leteaciTe prufiies may b ugeduol To detect underiying
SUupergeneg {laterite o Hosgand anddor primary qola
mineral lgatlion,

COSTA, M.L., Department of Lévchen:stry and Patroluogy
Federal Upivarsity of Para, C.P. 1811
66085-8300 Beldm Pard Brazil

ANGELIGA, R.S5., Gompanhia de Pedguisa Oe Aecursos Minerair s
CPRM, &v. Dr. Fre:itas 3645
E6095-110 Belegm Para Hrazill



International Geochemical Mapping: present and future.

A.G.Darnley
Ceological Survey of Canada
Ottawa,; Ontario, Canada.

Systematic geochemical maps of the land surface are an essential
component of any comprehensive geoscience database. Geochemical
maps are directly relevant to economic and environmental problenms
involving minerals and mineral exploration, soil science,
agriculture, forestry, animal and human health, and land-use
planning. The data are needed by both developed and developing
countries.

International Geochemical Mapping began as IGCP Project 259 in 1988
in response to the fact that the presently available database
concerning the geochemical composition of the Earth's surface is
substantially incomplete and incensistent. In order to find ways to
remedy the situation, existing methodologies have been reviewed,
computer-based experiments have been undertaken with existing large
raegional data sets, and new experimental field surveys completed.
From these studies comprehensive renmmmendatinns have been prepared
by the project's Steering Committee” to guide organizations which
are, or may become, involved in the collection of large guantities
of geochemical dnta. The recommendations relate to a proposed
global network of geochemical reference samples and radiometric
profiles, with sample collection and preparation specifications,
analytical reguirements and standards, and data management

procedures.

International geochemical mapping is achiewvable in stages. It has
been demonstrated through IGCP 259 that properly controlled wide-
spaced sampling is wvalid and useful. Wide-spaced sampling is
crucial to the concept of international geochemical mapping because
it offers speed, economy and relative simplicity in execution.
Supplemented by suitably located transects and radiometric profiles
it provides a practical way of obtaining a global overview and
providing a reference network for comparing detailed surveys in
differant areas. Work undertaken during the project by Xie,
Bolviken, Bjorklund, Garrett, Davenport, Ridgway and others has
demonstrated that to obtain representivity in the sampling of large
areas it is possible to use materials which provide natural
composite samples (e.g. flood plain sediment, till, or water) or
materials (e.g. stream or lake sediment) where the sampling pattern
can be statistically designed to provide representivity.

It is proposed that the acquisition and analysis of reference
materials should be the first step towards establishing global
geochemical baselines. A 160 x 160 km unit cell is proposed for the
collection of specified reference materials (regolith, drainage
sediment, water where available), requiring 5000 Eita-c;usterﬁ
worldwide. These samples will be split, part retained in the
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country of origin, part analysed according to a strict protocol in
international laboratories. The samples will provide analytical
data and serve as future reference material. Wide-spaced sampling
and transects are of high priority in regions of the world where
there is a low probability of obtaining conventional gecchemical
surveys in the near future. However, a global reference network
reguires systematic wide-spaced sampling over all the Earth's land

surface.

To produce atlas-scale maps and baseline data for environmental and
geoscience purposes, the primary cells must be subdivided and
sampled (later if necessary) in smaller blocks (e.g. 40 x 40 km, 20
¥ 20 eto.) according to the spatial definition that is required.
Ultimately 70+ elements will be determined in solid samples, using
methods which will provide total content and ensure detection
limits significantly below the clarke. Digital data managemant
procedures are prescribed in the recommendations, to allow maximum
flexibility in the format of products, with map scales determined

by sampling density.

Appropriate institutional arrangements to facilitate continuing
close international collaboration will be essential to accomplish
these tasks., Tt is recommended that thay should be initiated as

Phase II of the International Geochemical Mapping project.

* The following members of the IGCP 259 Steering Committes
participated directly in the final discussion leading to the
recommendations; others have also made significant contributions:

R.J.Biorklund, Abo Akademi, Abo, Finland, leader Global Sampling
Committae; B.Bolviken, Geological Survey of Norway, Trondheim,
leader Fennoscandian Regional Committee;

h.G.Darnley, Geological Survey of Canada, Chairman, also
representing North American Regional Committee;

N.Gustavsson, Geologlical Survey of Finland, Helsinki, leader Data
Management Committes;

F.Koval, Russian Academy of Sciences, Irkutsk, co-leader Russian
Fegional Committee;

J.A.Plant, British Geological Survey, MNottingham, leader Eurcpean
Community Regional Committea;

A.Steenfelt, Geological Survey of Greenland, Copenhagen, leadar
Field Methods Committees;

M.Tauchid, Internaticnal Atomic Energy Agency, Vienna, leader

Fadiometric Methods Committee;
Xie Xuejing, Academy of Sciences, Beijing, leader Analytical

Methods Committee and Chinese HRegional Committee.
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WATER QUALITY CHARACTERISTICS ASSOCIATED WITH FLUQRLITE
MINING IN THE KERIO VALLEY, AREA, WESTERN KENYA

T.C. Davias
Department of Geology
University of Hairobi
P.O. Box 30197
Mairobi, Kenva.

ABSTRACT

This work aims at establishing the extent to which fluorite
mining and the disposal of mine waste influence surface and
groundwater guality in the Kerio Valley area. Several hydro-
chemical parameters and their inter-relationshipz have been
determined in order to identify pollution types and transport
mechanisms. Adsorption and complex formation are shown to be
important processes governing the behaviour of metals in these
waters; the dissolved metal fraction is conseguently often

low and of limited texicological significance. The levels of
nutrients such as nitrates and phosphates are alsc within
acceptable limits in relation to the quality of ecosystem that
these waters can sustain, Because of the relatively high rate
of soil erosion and leaching of zszociated badrock; howavers,
rather elevated values are found for dissolved so0lids; alectrical
conductivity and alkalinity. Indices of organic pollution

such as biochemical oxygen demand (BOD) are up to 10 times their
maximum permissible limits for domestic water supply. Organic

pollution is attributed mainly to reagents used in ore processing.
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THE APPLICATION OF LITHOGEQCHEMISTRY TO GOLD EXPLORATION
IN THE CASA BERARDI AREA, NW QUEBEC

Davies, I.P.E. and Nichol, lan.

The Casa Berardi gold deposits, situated in the Abitibi greensione belt, north-western
Quebec, were discovered in the mid 1980's as a result of an intensive diamond and overburden
drilling programme carried out to follow up regional geophysical anomalies, The area is
characterised by thick glacial overburden, with few oulcrops, a feamre that hinders eaploration
In addition, it has been found that the ore lenses are commonly boudinaged and dislocaied by
the strong deformation thay has affected the area, further complaating the geology,  An
imvestigation was therefore carried out in order 1o determine whether lithogeochembstry ¢oald be
used to improve the efficiency of explmration, which currently involves espensive dimond
drilling of geophysical anomalies.

The Casa Berardi geld depasits ate hosted by clastic ard chemical sedinents, pyroclastic
units, volcanic flows and scb-volcanic intrusives of lower o mid-greenschist metamorphic ficies,
referred to as the Golden Pond Sequense. Gold mineralization principally ooours e cuantz
carbonate veins and altered wallrock, spatially associated with the Casa Besards il witkor the
regionally extensive east-west trending Casa Berardi Deformation Zose which hosty othes
significant mineral deposits such as the Estrades polvineta!lls deooslr,

The wallrocks 0 gold mtweralization 21 Casa Berardi are clarecterzed by rongd
alteration, grading from sericite-znkerite alteration adjacent to meralization. theough sericite-
chlorite-ankerite and calcite-chlorite alteration 10 unaltered greénschist miners! assernhlizes.
Microprobe analysis was used 10 confirm the zonaton of caroondie minerals & Cotirmnad
staining techmigues, and to determing whether silicate minerzls dispiayad composinenal vanaions
related (o mineralization, Sericite did not display sysiemate variatdons with respect o
mineralization, whereas chlonte was found to vary from Mg-rich composivors in weakly alterad
rocks to strongly Fe-rich compaositions mn e samples.

Ore-grade samples from Casa Berand a'e chemcterized by the presente of purite and
arsenopyrite, and commonly contain minor base metal suiphade punerals.  Recogninon ol the

oceurmence of base meral sulphides in high grade ore zones can e used as a rough guide i An



grades during core logging. and peirographic examination has revéaled that sulphides from ore
zones contain more iaclusions of base metal sulphides than those from weakly mineralized
samples.  An attempt was therefore made to separate sulphide minerals from samples of
mineralized and unmineralized wallrocks in order to determine whether dispersion haloes of base
metals exis:, and could be detacted by geochemical analysis of such separates and this feature
used in exploration. Results obtained indicate ihat weakly altered rocks distal o mineralization
contained very limle separable sulphide, necessitating the collection of large volumes of sample
in order to obtain sufficient separable sulphide to analyze. Separates obtmned from ore-grade
samples contained relatively high concentrations of base metals (Cu, Zn, Ph, Sh), but no distiner
dispersion halo was noted: in contrast there appeared w be a depletion of base metals m sulphide
separales from samples collected ar distances from 5 to 50 metres away irom ore-grade
mineralization. As part of the same study sulphide separates prepared from samples collected
from various other lode gold and VMS deposits were analyzed, and distinet variations were noted
between trace element concentrations of sulphides from different deposits. In particular, S¢'§
ratios and Co, Crand Ni concentrations differed markedly between VMS and lode gold deposits.

Geochemical whele rock variations in the rocks hosting the Casa Berardi West deposit
are consistent with the mineralogical patterns observed, A halp of = 100 ppb Au extending for
up 10 100 metres around the deposit had previously been described, and was confirmed in this
stvdy but found to be erratic on the hand specimen scale. Dispersion haloes of Ag, As, Sband
W were also noted; however these were found to have a lesser arcal eatent than the Ay
dispersion halo due to the greater sensitivity of Au analysis. These pathfinder elements could
however be used in addition to routine Au analysis in order to reduce uncertainty caused by the
nugget effect, and provide greater confidence during exploration by diamond drilling.
Geochemical trace element analysis was also carried out, and the date used to assist in
lithological discrimination of altered wallrock, and to swdy alteration processes related 1o
mineralization in order to obtain an improved understanding of the metaliogenesis of the deposit
In conclusion, lithogeochemistry was found to provide additional information which could he
used to improve the confidence of geological interpretation during exploration.



EFFECT OF SOIL pH ON ALUMINIUM AVAILABILITY IN SOILS AND
ITS UPTAKE BY THE SOYBEAN PLANT {{shcine max)

DEMING DONG!, MICHAEL H RAMSEYZ and 1AIN THORNTON!
Environmendal Geochemustry Research
\Cemre for Emvironmental Technolowy, andqu:un meznt of Croolog
limperial College of Scence. Technodogs and Medicin:
Prince Consorl Boad, London SWT XHP, UK

A preenhouse experiment was designed 1o investigaie (he clfects of soil pH and oher sodl properies on the
availability of aluminium and its uptake by (he soybean plant  Sis soils were compared that were descloped
mvier six contrasting bedrock types rangime widely m iheir 1odal alwminom coniend sad ofher chemmcd and
physical characierisiics. These soils were a sili Ioam developed over the Osdord Clas. a loam over Chalk @ sili
boam over Lower Lias Clay. a samdy loam over Devoman Shake, o swsdy Toam over Grande and 6 bosss sand
over The Lower Greensand.  The natoral pH of the soils moged from 4.2 1o 8 0 and cach soil was also amended
lo give two other pH levels using elemental sulphur and for calciom carbonaie

The sodubility of the aluminmm m (he soils and hence os panlabeliny o the planis was esiimated wsang
extraction with (LUIM CaCly and U0SM EDTA poor to determination by ICP-AES Aluminim concentrationm
i the plant malerials were similarly determined after aoid digesivon wilh conceminried mirc aind porchoric
acad. The qualily of the estumastes of aluminium concentration was asscssed by estimation of the sysiensic and
random errors originaling from (he sampling and analstical procedurcs using & Sampling and  Analyical
Guality Control Scheme (Ramsey ¢t al. 1992, A methed was developed 1o estimate semu-guantitainehs  the
proporiion of the aluminium i e herbage tht is contnbuied by soil oF dust particles that can comanale the
plant materials, cither duning the Life of the plant or during chemical analssis.

In the comparison betwcen two cmpincal estractams. twe best predictor of soil alumumum available for
uptike inlo the soybean plani was found fo be LOZM CaC'ly. This relationship appears to be linear with 2
correlation coefficient of 094 (p = 400 ), The amounts of cxtractable aluminnam i the seds and the uptake ol
alumanium by the sovbean plants both ingrepsed ps the sail pH decreased.  These relationships are both nom-
lincar with marked increases in extractability and uplake when the soil pH falls below 4.4, It s concluded thin
ihe speciation of aluminiums in the soils changes al (bis pH value. and that the specic of aluminium iken up by
sovibean planis El,l'u:.-’u.ll"'inn.. which is the only stable aluminium ion al a pH less than 4.4 Sodl pll has been
idendilicd as the magor factor that controls the uplake of aluminiam from sl inte the soxbean plam

Reference: Ramsey M.H.. Thompsen M. and Hale M. 1992 Odjective evaluation of precision reguirements for
geochemacal anabysis using robust analvsis of vaniance.  Ind Hall GEAM qed | Geoanalvsis: 1 Cieachen
Explor., 44 23-36,
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OVERBANK SEDIMENT, TILL AND STREAM WATER AS GLOBAL SAMPLING MEDIA

PETER EDEN AND ALF BIORKLUND
ABO AKADEMI UNIVERSITY, DEPT. OF GEOLOGY
SF-20500 ABO, FINLAND

A peochemical survey of uwrhank stream sediment, till, stream water and humuos from 49
large catchment basins (500-7000 km- } in Fennoscandia was conducted at Abo Akademi Uni-
versity. The main objective was to test the u.gf.fuin::u of different sampling media at exmremely
low sumpllng densities (1 station/23 000 km=) in glaciated areas as a pilot study for a geoche-
mical mapping of the whole globe, Results of humus are described in a separate contribution.

Overbank sediment and water were sampled from the downstream apex of each basin. One
sediment sample was collected at the surface and another at depth (40-100 cm). Stream water
was sampled once & month during one vear. Within each basin till and humus were sampled
from 10-20 randomly selected sites.

The fine fraction of the surface samples of overbank sediment are anthropogenically
contaminated at some stations, especially where there are mining activities, whereas the
samples from depth normally reflect the natural composidon of the entire catchment basin.
The element contents of the lamer samples form regional patterns, only a few of which
enincide with the major geological domains. For most elements the patterns and content levels
are very similar o those displayed by Il The main difference is, that the contents of Mn, Fe
and the supposedly co-precipitated Ba, Cu and Zn are higher in the sediment.

The content patterns of most elements in overbank sediment and till coincide closely with
those of previous regional surveys at higher sampling densities, e.g., the geochemistry of nll
m Finland and Sweden and of overbank sediment in Norway. This coincidence is better for
geochemistry based on total contents than that of Agua Regia soluble contents.

Due to the large region investigated and the large basins sampled there are numerous factors
affecting water composition and this results in a large vanation within and between the basins,
Such factors are climate, wpography, bedrock and soil, atmospheric deposition, industries,
population, agriculture, etc. Therefore, the contents of chemical elements in stream water do
not form patterns related to geology. Only in anthropogenically unaffected environments
effects of geology can be seen in the behaviour of elements in waters.

Most elements in water display broad anomaly patterns of contents, which correlate
positively with the arcal distributions of clays and arable land. High contents of easily soluble
elements in clay and cultivation of these sediments are the probable canses of elevaied con-
tents in water, Also, many major and trace elements, including several heavy metals, are added
10 the cultivated soils with fertilizers, lime, sewage sludges and pesticides, which apparently
contributes to this correlation. Ammospheric deposition is a large contributor of many elemens,
which is seen in the geochemistry of of the waters of especially southern Fennoscandia.

With regard to the factors governing the regional variation of metal contents in overbank
sedimant and tll, the low number of samples used does not allow far-reaching conclusions to
be made. Contents in both media form distinct patierns for most elements analyzed and in
general the patterns iu the decp sediment agree reasonably well with the patterns found in the
composited till samples, although there are some detailed differences. For the surface samples
of the sediment patterns are affecied by anthropogenic sources. Content variation in river
water in Fennoscandia scem to be more related w land use, contamination and physiography
than 10 bedrock lithology, For geochemical mapping at a global scale all three media dealt
with, could be used for delineation of major geochemical provinces. The regional geoche-
mistry of overbank sediment reasonably well depicts that of the fine fraction of till in the
glaciated area studied. Water of streams could be 2 suitable medium for environmental
purposes at a global scale, but for large arcas of the globe considerable seasonal variation in
content levels could require repetitions of the sampling during a year.
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CAN CHLORINE STABLE ISOTOPE RATIO VARIATIONS
BE USED IN MINERAL EXPLORATION?

H.G.M. EGGENKAMP
Department of peachemivire, University of Utrecht,
PO Bax 80.021, 3508 TA Urrechl, The Netherfandy,

-Introduction

The stable isotopes of chlorine (“Cland 'Cl) usually do not fractionate ven
much. A deviation larger than 19e from the standard (5. M.O.C., standard mean
ocean chloride) is considered as large (e g. KAUFMANN 1984} Most measured
values of natural (water) samples, are negative relative to this standard
(EGGENKAMP in prep.). This paper presents the first accurate §7Cl data on
minerals.

-Materials and methods

16 different minerals were measured for chlorine 1sotopes. These minerals
represent different mineral-forming processes i.€. evaporites. fumaroles.
magmatic minerals and oxidation zone minerals. Minerals were dissolved in
water (evaporites and fumaroles). molten NaOH (silicates) or nitric acid
{other). To this solution AgNQ, was added to precipitate AgCl. This solid was
reacted with CH,I to form CH,Cl. which could he measured on a mass
spectrometer {after TAYLOR & GRIMSRUD 1969, KAUFMANN 984 EGGENEAMP

in prep.).

-Results

Results are presented in the following table. In general it is found that the
oxidation zone minerals have positive §7'C1 values, while the other minerals
have nepative values.

Dxidalion-7one mincrals Non-oxidalion-sone mincrils
Alatamitc + 5. %M d1, 1 790 Amphibole o, 2e0e 00,1 380 <0000 5 (402 %
Buolcite + 166 =(),32% Baracite + 10, Tial1.2 1%
Conellite + 112 =00, [ F%a Carnallite (A8 LIS
Mimctiic FALAIA o0, 21 P Chlira patne (LR =11, 1 R%%h0
Madaorilc 108 00,2 70 Colunnine 1421115584
Parslaurionite (LS00 11330 Eudialiic = (1.2 3 (1A1R%
Pyromarphite + L2520, 2P0 Halie L TR R 5

Sal Ammoniag = R R

Sodalite b LA+ LT
-Discussion

The oxidation zone minerals generally contain large amounts of economi
important metals (Ag, Cu, Ph). Measuring §7°Cl values possibly provide a new
tool to explore for such oxidation zone minerals. As mentioned before the 67°C|
vilues of these minerals are generally positive relative to seawater, Especially
in the important group of oxychlarides (atacamite, holeire. conellite) §7°CT is
found to be very high (67'Cl > + 1%a), These minerals can dissolve relatively easy
and because they have a high chloride content they will dissolve preferentially
and increase the ¢"'Cl value of warer. Sampling water from deposits containing
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these minerals and measuring its CI might therefore be used as a prospectian
tool.
This method needs to be tested on several well defined deposits. It 15
expected that water that has been in contact with the oxychlorides has §''Cl
“values that correspond with those of the minerals. If such a 8"'Cl relationship
will be found this method could be useful for mineral exploration, A potential
problem is to obtain enough water for the §YCl measurements since the
oxychlorides generally occur in (very) dry places (deserts). The measurement
of §7°Cl is relatively easy, it can he performed in serial analysis. On the other
hand it is relatively time consuming and an advanced laboratory equipment is
necessary, The analysis of 20 samples takes about 4 days.

-Conclusions

It is suggested that the method described in this paper can give valuable
additional information in case of exploration for oxidation zone minerals. It
seems worth while to test the method and establish the problems and benefits

involved.
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MOLYBDENOSIS IN AN AREA UNDERLAIN BY URANIUM-BEARING
LIGNITES IN THE NORTHERN GREAT PLAINS, U.S.A.

EBDMAN, JAMES A,

In the fall of 1975, cattle grazing to the north of an abandoned uranium mine
on Flint Butte in Harding County, South Dakota, showed signs of molybdenosis,
a disease due to molybdenum-induced copper deficiency. To identify the source
of the problem, plant, water, and soil samples were collected on a grid design
over a 16 km? (~9 miles?) area around Flint Butte. Uranium, molybdenum, and
copper concentrations were determined in western wheatgrass (Agropyron
smithif) and sweetclover (Melilotus officinalis); molybdenum and copper
concentrations and pH were determined in pond waters; and the pH of soils was
determined. Ratios of copper to molybdenum in the forage were found to be
below 2:1, the lowest value considered safe for cattle, Molybdenum
concentrations in some surface waters were extremely high, These conditions are
related to the outcrop of uranium- and molybdenum-bearing lignites at Flint
Butte and in the nearby Flint Hills. Similar lignites are widespread, and it is
likely that nutritional problems of the type encountered in the Flint Butte area
exist in similar geologic terrain over a broad region of the northern Great Plains.
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A NEW.APPROACH TO GEOTHERMAL EXPLORATION — INTEGRATING
GEOCHEMISTRY WITH REMOTE SENSING

ERDMAN, LA., HINKLE, M.E., WATSON, KEN, GALLAGHER, AJ., AGER,
C.M., AND SMITH, K.5.

A geochemical study and remote-sensing study of two adjacent known
geothermal resource areas (KGRAs) in the northern San Luis Valley, Colorado
(U.S.A), were linked to seek surface evidence of any possible extensions of these
partially concealed geothermal areas. The San Luis Valley is an east-dipping half
graben, the geomorphic expression of the Rio Grande Rift in southern Colorado,
and contains a complex system of aquifers. One KGRA, Mineral Hot Springs,
pecurs in valley fill between low foothills of the San Juan Volcanic Field to the
west and the steeply rising Sangre de Cristo Range to the east. The other KGRA,
Valley View Hot Springs, lies on the bounding fault of the Sangre de Cristo
Range. Scarps of a series of Holocene-age faults, the Villa Grove fault zone, trend
across the valley to the northwest.

In 1952, 139 samples of rabbitbrush (genus Chrysothamnus), which dominates this
high semiarid valley, were collected in an approximate grid. More closely-spaced
sample sites were positioned along traverses across the mapped faults or fault
zones that may serve as conduits for mineralizing and geothermal fluids. At the
same time, 120 soil-gas and soil samples were taken at 0.1-mi (160-m) intervals,
mostly over several of the fault traverses where plants had been collected. Plant
samples were analyzed by extended-count instrumental neutron activation
analysis (INAA) for 35 elements, prompt-gamma INAA for boron, and inductively
coupled plasma-atomic emission spectroscopy (ICP-AES) for 30 elements. Soils
were analyzed for 10 elements by a partial-extraction ICP-AES method that used a
concentrated HCI-H, O, digestion. The soil gases were analyzed for CO,, O,, and
N, by gas chromatography, and for He by mass spectrometry.

A large airborae imaging spectrometer data set—about 6.7x10° bits—covering
the visible and near-infrared region of the electromagnetic spectrum was acquired
in the hot-springs areas in August 1992, Imaging spectrometer data have been
used to detect a large variety of minerals (many OH-bearing minerals, mostly
clays; Fe-bearing minerals; and carbonates) and for vegetation studies (lo examine
stress). In this phase of the study we hope to identify certain epithermal minerals
and vegetation effects that indicate geothermal activity. We are currently
correcting and calibrating the imaging-spectrometer data.

High Li, B, and Mn concentrations in rabbitbrush combined with high soil-Hg
concentrations and high CO, concentrations in the associated soil gases collected
nearby suggest that a geothermal heat source may occur in the low hills of Lower
Protervzoic granites just west of Mineral Hot Springs. Several other distinct
geochemical spatial patterns, probably unrelated to geothermal activity, were also
revealed. These include anomalous concentrations of Fe, Al, 5S¢, and the light
rare-earth elements La, Ce, and 5m in rabbitbrush with a corresponding
depression of the soil gases CO,, O,, and N, along the Villa Grove fault zona.
This depression in soil-gas concentrations may have resulted from fault-zone
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plugging due to water saturation and /or mineralization. The corresponding
element anomalies in rabbitbrush could have been caused by the oxidation of
pyrite, which generates acidic solutions. Low-pH systems are known to dissolve
rare-earth elements contained in surrounding rocks and thus make them available
for hydromorphic transport to the near-surface environment. Significant Cd and
Zn anomalies also occurred in rabbitbrush in an area where carbonate rocks of
Paleozoic age are highly brecciated, altered, and faulted. Finally, Br-enriched
rabbitbrush was located in presumably deep valley fill, an area where soils and
soil gases were not sampled. Bromine is highly mobile under all pH/Eh
conditions in the supergene environment. Two sources are likely: (i} tuff-laden
lacustrine clays of the Neogene Alamosa Formation, which also consists of
unconsolidated sands; and (ii) biogenic gases in the same formation or il seeps in
the underlying Precambrian rocks, which may have created redox conditions that
are known to produce Br and | anomalies in soils.
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THE CONCEPT OF GLOBAL GEOCHEMICAL BASE-LINE SAMPLING: A HLGT
STUDY OF THE APPLICABILITY IN PORTUGAL

A.M.FERREIRA, A BJORKLUND AND M.PINTO

A large number of snil and stream-sediment samples has been collected in Portugal {or
local and semi-repional purposes of mineral exploration and eavironmental research but
no low-density geochemical data of total nanonal coverage exist. The usefulness of such
mulupurpose datas hés been demonstrated elsewhere. Therefore, the concept of national
peochemical mapping as an integrated part of a Global Geochemical Base-line Sampling
program, proposed by 1GCP Project 259, was lested in a pilot study in Portugal. The
funds provided by the Mational Board of Scientific and Technological [nvestigation
allowed only for a restricted sampling program and the use of only one of the media
proposed by 1GCP 259,

The basins of Mira River (1600 km2) in southern and Vouga River (3000 km2) in
central-northern Porfugal were chosen for stream-sediment sampling. These represent
different lithologies and in both basins mincralized provinces and contrasting bedrock
geology occur. Samples from 17 sties, each composited from 5 grabs along 200 m of the
siream, were collected atl an average density of about one site / 270 km? from streams
draining areas averaging 150 km? in size. Each site was sampled in duplicate [or
composite samples big enough o produce 200 g of each of the fractions 180 gm (B0
mesh) and 60 pm (230 mesh). Both fractions were analysed with 1CP after digestion for
one hour in hot Agua Regia For quality control all duplicate samples ol each Iraction
were analvsed twice and, in addition,the analysis of one fraction of each of three samples
was repeated seven limes,

The error vanance of 20 elements oul of 32 reported by the laboratory was significanis
lower then the total vanance in the data. No myor difference in the error vanation was
found between the two grain-size [ractions. For 1B elemenits the mean conlenis were
significanly higher in the finer fraction, while the opposite was true only for Ti. The
higher contents of Ag, As, Cd, U, and W in the finer fraction gave a significantly better
anomaly patiern than in the coarser one. The mean contents of 10 elements differed
gignificantly between the basins. [n the Vouga basin the high contents of Ag, As, Co,
Cu, M1 and £n are in a province of sullide mineralization and anomalous contents of K,
La, Ti, Th, and W, are in a Sn-W province while samples anomalouly high in U occur in
a uranium province. An Fe-Mn province in the Mim basin is indicated by anomalucs|y
high contents of Fe, Mn, Ba, Zn As, Sr, Ca, and P. The different lithological units in the
Vouga basin are depicted by different content levels of Al As, B, Cd, K, Mn, P, Sr, Th,
Ti, V, and W. There 12 an apparent relationship of the vanation of Cr, P and Pb o
pollution.

The resulis of the study indicate thal sampling of sircam sedimenis at a density of one
site { 200 km2, giving some 450 sites for Portugal would give a content-vanation patlern
of most elements, which could be related 1o lithology, mineralized provinces and Features
of polluton. Inclusion of other media proposed by 1GCP 259 (alluviem, non-alluvial
soil, and water) and a diversified analyucal program would certanly give substantial new
and valuable information on the geochemistry of the secondary environment in Portugal,
Proper planning would enable part of such samples 0 be included in a future set of
Global Geochemical Base-line Samples.
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USE OF A SENSITIVE ANALYTICAL METHOD AND THE -53 pm FRACTION
?LSTRE?}M SEDIMENTS IN EXPLORATION FOR GOLD IN NORTHERN

W_K. FLETCHER! RLAHIRIZ B. L CAUGHLINZAND H BLOKZ

Heavy mineral concentrates (SG > 3.3) from the Huai Hin Laep, Thailand, contain
strongly anomalous concentrations of gold (Paopongsawan and Fletcher, in press). In
contrast, the gold content of the associated -212 um and -53 um fractions of the
sediment is generally less than the 5 pﬂl: detection limit of fire assay-atomic absorption
Failure to detect the gold anomaly in the sediments is apparently caused by dilution of the
sediments with large amounts of barren silt and clay that results from increased erosion of
lateritic soils as a result of deforestation and agncultural land usage. Because of the costs
and unreliability associated with the use of heavy mineral concentrates, it would be an
obvious advantage if gold content of the sediments could be determined directly. We
have therefore developed an analytical procedure that uses acid digestion, followed by
preconcentration of the gold on a column and its determination with a new type of
spectrometer which optimizes baseline analysis. This provides a detection limit of 0.1 ppb
gold with a 30 to 50 g sample. Here we report results obtamed using this procedure for
determination of gold in the -33uim fraction of sediments from the Huai Hin Laep.

Gold content of the -53 pm fraction ranges from 1.0 to 2.9 ppb versus
concentrations that typically range from 10,000 to 50,000 ppb in the heavy mineral
concentrates. However, despite gold concentrations several orders of magnitude lower
than those in the heavy mineral concentrates, the downstream dispersion pattems are
remarkably similar with gold concentrations increasing downstream away from the
supposed source, This similanty in downstream dispersion of gold in the -53 um fraction
and gold content of the sand-sized heavy mineral fractions is also shown: (i) directly, by a
strong correlation between the gold content of the -53 pum fraction and the gold content
of all three heavy mineral fractions; and (i) indirectly, by the correlations between gold
content of the -53 pm fraction, bed rnufghn&ss, and stream width and velocity,

These results confirm the presence of a greatly diluted gold anomaly in the =33 um of
the sediments and show that transport and sition of this fine grained gold is controlled
by the same sedimentological factors that conirol the behaviour of gold in the sand size
range. Most important for exploration purposes, by using a sufficiently sensitive
analytical method, it is possible to recognize the presence of meaningiul gold dispersion
patterns at concentrations less than 5 I:l::.]-:ll-l: Inzofar as use of a more sensitive analytical
method can avoid the need to collect bulk samples and Tmpare heawvy mineral
concentrates, this has the potential to provide gold exploration programmes with very
major savings in both field sampling and analytical costs

1 Depariment of Geological Sciences, University of British Columbia, Vancouver, B.C.,
Canada

2 Chemex Labs Ltd., North Vancouver, B.C_, Canada
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QUALITATIVE TIME TREND ANALYSIS OF GROUND WATER MONTTORING
NETWORKS: EXAMPLE FROM THE NETHERLANDS

Frapporti, G, Vriend S,
Department of Geochemistry, University of Urecht, PO, Box 0021, 3508 TA Utrecht.

The detection of {(short term) trénds is one of the prime goals of ground water monitaring
networks. These trends can bé used to recognize threats and to discern active geochemical
processes that affect the ground water composition. Few case histories have been published,
describing the difficulties and traps that occur in trend swdies. In this paper a qualitative time
trend analysis was performed on macrochemical parameters of the dataset of the Duich Ground
Water Quality Monitoring Network, This network is operative since 1979 and monitors the
ground water composition at 350 locations at two depths (about 10 and 25 m below surface
level). Samples are analyzed yearly for electro-conductivity (Ec), pH, Na, K, Mg, Ca, NH,,
HCQ,, Cl, NO,, S0,, and Total P (van Duijvenbooden. 1987).

Prior io the trend analysis, the dataset was divided mio homogenecus groups with the aid of
fuzzy c-means clustering (Frapporti et al., 1993). Each group is characterized by its distinct
source of the ground water {seawatcr, surface water or precipitation) and its specific combination
of dominating geochemical processes (mineralization of organic matter, carbonate dissolation
and cation exchange).

To determine whether or not two variables are related an association statistic is commonly
used. In this case the sampling date and the concentration of a parsmeter of ground water quality
are comelated to study trends qualilatively. The nonparametric and outlier insensitive Spearman
rank comelation coefficient is calculated per well screen per parameter. Combining the Spearman
comrelation coefficients of all individual wells within a homogeneous group, a distribution of
comrelation coefficients is formed. This distribution is tested for deviations of a theoretical zero
correlation distribution {r=0) by use of the Kolmogorov-Smimov one sample test (Frapporii ot
al., 1990). One Kolmogorov-Smimov statistic is obtained per group of wells. The characteristics
of the deviations from the zero correlation distribution can be found in the histogram of the
Spearman rank correlation coefficients (see figure 1),
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Figure 1: Histograms of Spearman rank corrélation coefficiants of chloride
and nitrate of wall screans allocated fo the poliuted cluster.

— = —

Most groups show statistically significant gualitative trends, many of which are cansed by
changes in sampling and analytical procedures. After equalizing detection limits, which varied in
time for NO,, total P, and NH,, many trends were eliminaied. In some clusters trends for
alkalinity, pH, Ec, total ' and 50, can be explained by the variations in the procedures used,
e.g. varying storage periods.

Other parameters show statistically significant trends, which can be explained by geochemical
processes. In most cases quantitatively small, these trends are not necessarily linear, and should
be closely monitored in the future.
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The most interesting trends are found in a water type charactenized by infilzating rainwater
with agricultural contaminants, the "polluted cluster’. Surprisingly chloride decreases strongly in
this water type, while nitrate increases, as illustrated in figure 2.
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Increasing trends in nitrate are commonly expliined as agricultural pollution by leaching of
manure, From this stady it seems that the lowering of the ground water tables plays an important
role (figure 3). Nitrate produced through the mineralization of serated organic matter in the
enlarged unsaturated zome can not be taken up by vegetation. It is therefore Jeached into the
ground water, Conservative parameters, like chloride. decrease because at lower ground water
levels a smaller fraction of the infiltrated water is evapotranspirated,
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GOLD MOBILITY IN EQUATORIAL RAIN FOREST LATERITIC
PROFILES: THE EXAMPLE OF YAOU DEPOSIT (FRENCH GUIANA).

EREYSSINET Ph., LASSERRE J.L.. and LOWELL J.

The gold cycle in supergene environments and particularly in lateritic zones is
relatively complex due to its mobility in various type of profiles. Thus the gold signal is
rather difficult to interpret. The aim of this work consisted to study in detail the gold
distribution in rain forest conditions in_terms of pedogenic processes and mass balance
calculation.

The Yaou deposit is situated NW of French Guiana in Amazonian rain forest. The
studied part of the deposit is composed of a sub-vertical trondjemite body intruded in
mafic Precambrian schists. The morphology is of "half orange” type. The oxidized part of
the mineralized body is made of a truncated profile at the top of the saprolite. An ochre-
coloured ferralitic soil, characteristic of Amazonian rain forest zones is developing under
the present equatorial climate.

The profile is composed of 3 main horizons from the bottom to the top: a saprolite
(25-35m thick) with preserved primary textures, a uniform ochre-coloured horizon
composed of kaolinite, gibbsite and gocthite (2-4 m thick) and a humic layer (1m thick).

The gold mass balance calculation at the top of the profile has been estimated using the
average gold content of the saprolite as reference. Gold shows an average absolute
enrichment of 60% in the ochre horizon in comparison 1o the average gold concentration
in the underlying saprolite. The gold accumulation mostly occurs at the conlact between
the ochre horizon and the top of the saprolite where the absolute enrichment can reach
200% up to 300 %. The humic layer is slightly depleted in gold in regard to the ochre
horizon, The gold mass balance al (he top of the profile shows a remobilization front
where gold is leached in the humic layer and accumulated at the base of the ochre hornzon.
The gold accumulation at the contact ochre horizon - saprolite is mainly controlled by a
decrease of the total porosity and the wvanishing of the macro-porosity towards the
saprolite, The textural change at this interface implies a decrease in permeability and
probably less oxidizing conditions permitling gold reprecipitation,

Around 1000 samples obtained from a gnd of vertical dnll holes through the regolith
enabled a well-established calculation of the gold mass balance in terms of depths within
the saprolite with respect to the primary mineralization. About 40 to 50 % of the initial
gold stock is leached in the saprolite. The loss of gold stock occurs al the weathering
front. Leaching is not increased in higher parts of the saprolite. Local enmichments are
noticed in the middle of the saprolite corresponding to Mn-enrichments. A good
correlation between Mn and Au in the gold enriched levels indicate that Au is probably
adsorbed by Mn-oxides, This phenomenon in relation with recent water table movements
indicate post-lateritic migration of gold.

The global mass balance calculation for the Yaou pold deposit shows a loss of gold
during the regolith formation of about 40% compared to the primary stock.

In conclusion, rain forest lateritic profiles are composed of (wo major remobilization
fronts of gold: the top soil where rain forest pedopgenic processes lead to absolute gold
accumulation and the weathering front where 40% of the gold is leached out of the
system.

In equatorial conditions, the gold accumulation effect in rain forest s0ils must be taken
into account when selecting exploration targets.
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HYDROTHERMAL PROCESSES AND SHIFTING ELEMENT ASSOCIATION PATTERNS
IN THE W-SN ENRICHED GRANITE OF REGOUFE, PORTUGAL

Gaans, P.F.M. van, Vriend, 5.P. and Poorter, RP.E.,
Department aof Geochemisiry, Institute of Earth Sciences,
University of Utrechi,
Budapestlaan 4, 3584 CD Utrechs,

The Netherlands.

Abstract

Combined research in rock geochemistry and mineral chemistry of the hydrotbermally altered.
'W-Sn speclalized granite of Regoufe and its derivatives in Portugal was undertaken fo gain insight
in the mineralogical changes associated with hydrothermal processes and in the interaction of
hydrothermal fluid and mineralogical rock composition within a single granite capola. To this im
use was made of automated X-ray fluorescence spectrometry of unpolished rock sections (Integral
Rock Analysis) and electron-probe micro-analysis on part of the same sections purposely selected
on the basis of their rock chemistry, The study focuses on selected slements of imterest that are
measurable with the chosen techniques.

Major pervasive alteration within the Regoufe granite is virmally contemporaneous with
mineralization in the form of Sn- or W-bearing quartz veins. Two phases of hydrothermal activity
are discerned, characterized by different element-associations in the fluid. Fluids of the firse phase
are especially rich In Sn, Cs and F, whereas the second phase is marked by a W-Ta-Nb-Rb
association end presumably carried less F. P (phosphorus) probably was an imporant fluid-
component in both phases. The fluids are inferred to have fractionated from related magma at depth.

Sn, W, Nb and Ta are largely related to (inclusions in) bigtite in the least altered part of the
Regoufe granite. Tantalo-niobian rutile is an important phase for the mineralogical distribution of Nb.
Sn occurs in rutile and rarely as cassiterite, Muscovitization causes leaching of Ti and Zr from the
granite. Sn, supplied or mobilized by the hydrothermzl fluids, behaves differently from W, Nb and
Ta. In the most altered rocks muscovite hosts significant amounts of Sn. Whereas Sn is still related
to C9 and Ti, which clemenis probebly ropresent altored biotite, W, Ta and Nb are related vo mewly
formed Rb-rich muscovite, Columbo-tantalise was detected embedded in late muscovite. The fluid-
supplied W, however, is predominantly deposited as woltramite in quartz-veins, the alterad granite
is not enriched in W compared to the relatively unaliered rocks.

Sr is preferentially hosted by K-feldspar in least sltered granite, Ca in this rocktype is still
partly contained in albite. Sr and Ca are released on increased albitization and muscovitization and
are at least partly bound in newly formed apatite. Primary magmatic apatites have near ideal formula
composizions, Mobilization of P during hydrothermal activity resuited in the formation of Mn-rich
apatite In all parts of the grapite, Mn-, 5r- and probably Li-rich apatites were formed in the most
altered rocks. Eosphorite, and scorodite as the oxidation prodiset of arsenopyrite are also formed as
i result of P-mobility.

In the least altered rocks Cs is mainly contained in biotite. Cs-and Rb-enrichment in the most
altered granite and aplitic rocks is evenly distributed over K-feldspar and micas. The processes that
lead to increased Rb contents are partly independent of the Cs-enrichment, and apparently related to
the W-Nb-Ta mineralization event separate from the preceding So-mineralization.
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GEOCHEMICAL DATA FROM FLUID INCLUBION BTUDIES At EXPLORATION
TOOL FOR GOLD DEPODEITE

GARCIA IGLESIAS, J., LOREDO, J.

Gold in many types of deposits has beén transported by
*hydrothermal fluids, where some fraction of the gold
precipitated to yield an orebody. Some fluid inclusion in gangue
minerals contemporary to gold in these deposits will be a sample
of the ore-forming fluids, preserved in the mineral for millions
of years.

Independently of their use to the knowledge of parameters as
temparature, pressure and density of ore-forming fluids, the
study of these fluid inclusions give information about
geochemical data of ore-forming fluids, and these data can help
to the understanding of the processes that have been involved
in the formation of many gold deposits and hence they can be
useful in exploration.

In terms of understanding the geochemistry of the ore-forming
processes, will be wvery important to have information about
concentrations of the major solvents: H0, CO,, CH,, ..., and the
major solute ions: Na, K, Ca, Mg, ..., between others.

A method to determine the chemical composition of fluids
trapped as fluid inclusions in minerals, is the extraction of
fluide from inclusions. These can be opened by fine grinding of
the sample, which is leached with pure water; the leachate is
then analyzed for such solutes: Ha, K, Ca, Mg, 50, and Cl
(Roedder, 1958). Because of the wvery small size of fluid
inclusion and the common occurrence of several different
genarations of fluid inclusione in a given sample, the problems
of loss or/and contamination of fluids provide a major source
of errors. Some gualitative and semiguantitative geochemical
data can be obtained by identification under the polarizing
microscope of any solids that have been formed inside the
inclusion upon coeling by saturation of the fluids (i.e.
daughter minerals) (Roedder, 1984a).

The composition of mixed fluid inelusien =-H0, ©0,, CH,, and
others-can be determined under the microscope by freezing
procedures (Burruss, 1981; Roedder, 1984b). Raman microprobe is
a powerful tool for such studies (Rosasco et al., 1975;
Dhamel incourt and Schubnel, 1977; Guilhaumou, 1982). In the s=ame
way salinity of fluid inclusions expressed as NaCl wt. %
aguivalent, refers to the concentration of NaCl that corresponds
to the observed depression of the freezing point in the NaCl-H,0
theoretical system.

Because €0, seems to be an almost universal constituent of
the fluide involved in the transport and deposition of gold, the
identification of CO~rich fluids will be very useful in
exploration of gold deposits.

" Another significant application of fluid inclusion
geochemical data in exploration of gold deposits lies in the
recognition of beoiling of flulds, through the presence of
presumably cogenetle vapour-rieh and vapour-peor fluid
inclusions, because in some deposits big changes in geochemistry
of ore-forming fluids as rasults of boliling phenomena may be
responsible for the deposition of gold (Kamilli and Ohmoto,
1877; Buchanan, 1381).

Therefore fluid inclusion geochemical data can be very usaful
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tool in the recognition of vertical or lateral salinity
gradients within an ore-deposit or a mining district.

In spite of their limitations, fluid inclusion studies can
help to the understanding of the processes that have been
involved in the formation of many gold deposits and provided
that they give interesting geochemical data at very low cost,
the studie=s of Ffluid inclusions in minerals can be actually
considered as a very useful tool in exploration for many types
of gold deposits.
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Ultra-Low Density Geochemical Mapping
on the Canadian Prairie

Robert G. Garrett
Applied Geochemistry Subdivision
Mineral Resources Division, GSE offawa

Iri 1991 two 1500 km orientation survey traverses were made across the Canadian Prairie,
one roughly east-west (Winnipeg-Calgary) and one nohwest-southeast (Edson/Edmonion-
Winnipeg). Ag and C horizon soils were collecled al siles randomly selected in 40 km

fraverse seclions. One section in every 4 was selecled af random and an additional sile
sampled, this sample was split and analyzed in duplicale. Mappable gaochemical variations
were detected using the ullra-low density sampling procedurés and the analysis of the for
many elements siatistically significant varation was present between the mesns of 160 km
seclions.

in 1982 a sysiematic Ap and C horizon soil survey was underaken across B50,000 kme of
central MNorth America. The majority of the sampling was undertakan in Albera,

Saskatchewan and Manitoba{735,000 km2). In cosperation with the U.S. Geological Survey
an 80 km wide sirp was also sampled immediately south of canada in Minnesola, Norih

Dakota and Montana (115,000 km<), The soils are donimanily Chemozemic and have
developed for the most pard on glacial lills and sediments. A  stratified random sampling
design was employed where 4 40x40 ko cells were blocked into 80xB80 km super-cefls.
Two sites in separate 20x20 km cells were randomiy selected in 3 of the 40x40 km cells, in
the randomly selected fowrth cell an additional 3 siles were sampled. This design permits
the variablility of the dala 1o be studied at the 4040, 20x20,10x10 within 10x10 km cefl, and
sample site and analysis lewesls, Ap samples were wera collected from 0-20 cm, and C

horizon samples were collected from, on average, depths greater than 50 cm from a total of
1331 sites, at a density of no less than 2 sites per 1600 km2. After dryin, the <2mm fraction
of the soils was refained and a8 50 g sub-sample ball milled, The tolal sample suite, with

analyvlical duplicates and Conlrol Reference matenals, comprises 1447 samples. Allquols of
EB USGS A.ﬁ horizan soils were included from their earier surveys 1o facilitale dala

integration in suppor of IGCF Project 259 objectives. Instrumental Meutron Activation,
Alomic  Absorption Spectrophotometry (lotal decomposition), and x-ray Fluorescence
lechnigues are being used lo delermine some S0 elemend in the soils.

The upper. level of this design, 80x80 km, conforms to one of the proposed IGCP 253
Samping densities, and the computed cell means will correspond fo & composite of between
& and 11 randomly selected sites {he wncertainly is due 1o the hierarchical spatial design,
i, multiple samples in a single 20x20 km cell),

Regional geochemical maps based on 80xB0 km cell means arising from this survey will be
prézentod, and the resulls discussed in terms of their relationship to geochemical and
meizaliogenic provinces, and epvironmental considerations. The results will also be reviewed
in order 1o assass the appropriatenéss of the IGCP 259 recommandations implemented.
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DIFFERENT-EBCALE GEOCHEMICAL MAPPING OF THE ENDOGENIC
GEOCHEMICAL FIELDE OF THE EARIISK ORE ENOT (EASTERN
TRANSBAIRAL REGIOHN)

GHILUSHA V.A., SPIRIDONOV A.M.

The revealed pattarn of the geochemical field
distributions within the ore zone, genetic nature, analysis
of the associated halees enable the geochemical methods to
be applied for the assessment of ore-bearing potential of
the area and revealing the hidden mineralization. In this
connection the geochemical mapping was done. As a result,the
series of the monoelement and polyelement maps of different
scales was compiled.

The conesidered region 1is located in the north-western
segment of the chamber dome-like structure. The area is
composed of the granitoids of different ages (from +the
Proterozoic to the Mesozoie), effusive rocks and the dykes
from acid to basic compositions. The mineralization are
velns and veinlet-diszeminated zanes.

The main productive mineral associations, containing
gold, are the following (from early to late ones): guartz-
pyrite-tourmaline, guartz-actinoclite-magnetite and guartz-
arsenopyrite. The analysis of the medlum scale maps (1:200
000 -1:100 000) indicates that the formation of the regional
geochemical field is asscociated with the dome-like structure
generation. The morphology of the geochemical fields results
from the structural-tectonic features, while the element
composition is due to the composition of the dispersed
mineralization. Gold and the associated Bi, W, Ag, Cu, As,
B, Pb, Mo and 2Zn form a weakly-contrast field. This field
rounds the central graniteid massif (rigid structure core)
and possesses the fan-shaped pattern of the structure, which
iz associated with the radial and concentric fractures,
controlling mineralization.

The observed zonation results in the displacement of
geochemical fields relative to each other and to the central
intrusion on the whole and is determined by the influence of
tha thermal field. The alteration of the elament association
from the center to the peripheral parts indicates the
regular change of high-temperature parageneses to medium-
temperature ones and 13 represented by the series: (W, Mo,
cuy—(Bi, Ag, Pb, B)-(As, B, Au)-{Ag-IZn).

The geochemical mapping of large scales (1:50 000 -
1:25 000) indicates the complicated inner structure of the
raglonal field, which involves the anomalies of different
types. These anomalies are characterized in additien te high
element concentrations by different element composition.They

are formed due to the  substance concentration and
redistribution wunder mineralization. The high-contrast
geochemical fields spatially coincide with the distribution
of the main mineral associations, which correspond to
the successive mineralization stages. They are marked
by the spectrum of typomorphic elements with the
determined contrast coefficlients (CC#*): gquartz-pyrite-

tourmaline, guartz-actinoclite-magnetite, guartz-arsencpyrite.
The separation of the productive mineral associations
within the ore knot, which are mainly distributed on
the separate sites (deposits) results from the pulse-1like
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development of the common ore-bearing center.

The detailed geochemical mapping (1:10 000} enables the
spaecific features of gold and the associated alement
distributions to be revealed within the deposits, are-
bearing locations and separate are intervals, The
distinguished pattern probably corresponds to the deposition
zonation within one stage. The zonation is observed relative
to the center of the corresponding mineralization and
depands on tha composition of the predominant
one. Bi, W and Cu are located near the gold concentration
fields, Ag and As are observed further and Pb, Zn occur in
the peripheral parts. The similar pattern is evident
vertically, as well.

Thus, the interpretation of data of different-scale
geochemical surveys and the study of tha eloment
distribution features in the endogenic fields provide
development of the geochemical model of the ore deposit
formation, which may be applied for the assessment of the
ore-bearing potential and forecast of gold mineralization.

* Contrast coefficient indicates ratio of the average element
concentration in the paragenetic association to the
background contant.
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15 GOLD REALLY HENAVING Ab A NUOHLE METAL IN 50015 Y
D) GRAY and M), LINTERN .
CSIRG Drasion of Exploration Geoscienes, Wembley, Australia, 60014

The nahure, nﬂﬂd} aruf lj-'lipl."l’.;.ll:lﬂ of Au o soils s gclh..'r:l-l}' |h:r|.'||’|!.' inderatoed, d.l:l:p'llr..' iz
exiensave use of sl sampling in An explomation. Sckectve extrictions amd mcubatsms watli pedsde am!
water have been wsed 1o exanmg the chomisiry off Au i fwo ciineeon Soily b semi-and, inkand wesiern
Australia, The sails were (1) a calcarsmis, kaolinglic red elay, in whaeh Au 15 strongly associatal watk
pedogemic carbonate and (2} a ferragmous, Lateaite sod with Nk carlonate, both were apllectod from
the Bounty Au deposil

Coarse (jaw-crushed) and fine (pulverized) soil samples were shaken with potassium sodede (0 [ M,
pH 7.5} for 24 hours.  Resulis showed

(1) m the Fes-nch soil, odide exiracted more A from ithe fise samples,
(i) i the Ca-mich sl idide extracted more Ao from the coarse samiples,
(it} socdade was mors effective i extracting Au From Ca-nich than the Fe-rich sl

The resulis suggest thar Au is more molkbe i e Ca-rich than the Fe-rich soil, b when adsorpion
sites amc cxposed (e, by pulverizmg), i may be readedy imaobileed

Sl material was incubatcd in water for persels o wp to & aenths Glloawing 4 seoes of treatments
saturation with C0; (so as 0 simulate reot and mecrobaal resparation), irmdintion (o remove the effect
of ologrcal acthvity), inoculation of radiated semples. with untreated matenal (o st further the
effect of biological activity).  Dngreated samples swwerewsod as controls, A dphicate set of samplcs was
semilarly trcated but, in addition, were spiked wath Au chlond: solution. Results showed

{1} sigmficant quantitics of Au may be dissolved by water alome 3-10 ppb was dissobved after o
week and wp 1o 140 ppb afler six months. The resadis odicane the petentmbly rapid and high
mabilsty of Aw in these smis,

(1) considerably more Au was dissolvad from irediated samples, indicating that bological activits
reduces Au mobiliny, Saturanon wih OO0y strongly suppressed Ao dissolution m samples
contaming more organic mater, possibly becasse i altered biokgpcal actaty in the soil;

() Au dissolutien was greatest from the Ca-nch samples for all treatments and increased wah
time even for non-trradiated samples, with lite effict doe to COy,

() m non-irradiated freatments, added Au precpitated withm one day for organic-nch samiples
and within ore week for Ca-rich samphks.  However, afier one wesk the Au began o e
dissodve  For sradiated ireatments, mbded Ao alse precipriated, but dissoluton  was
conselerably slower, imphying that bwologrcal activiny 15 prossating redissedution

The resulls sugpest that bological activity 1= important w the bong tenn despersson of Ag sway Froo an
ore Iu'u.ﬂ}' amel il Ll the dlﬁ.l'h,:n.:um iR SE 15 |l1-i|_'|':.' i B |;|.rr|:||:-||:_n | dq‘rmhuﬂ aof several
fwctors, inchubing the level of bolegweal sctivary, D sl sol epo

The hgh solubality of Au in the weak extracionls indicates thid it shoald ol be conmdered as a
"moble" mctal in the soil environment  Tndeed, Ao nay not be behaving as a matal on ol all, bat b
tghtly biund to  ergamcally-denved  mialecules such  cyvanude, thosulphale or omime  aceds
Furthermore, adsorption sites andfor biological activity present i the soil may immobelize or ctherwise
mfluence the solubly of Aw.  Gold present n Ca-nich soils appears to be the most mobile v
paradoxically, Au sccumulates in the pedopgenic carbonate hanzen  One explanation 15 that Au
distnibutson 15 al least partally controlkad by evapalianspirative processes Thus, afler ramfall, Au
may be mobilized in upper soll benzons, with bioksgcally pencrated hgands but, as it percolates down
the sml profile, it is mmmobslized when water e groshially removed From the soil by vegetation m much
the samme mannes as Ca nsclf  Thos, the pronary coitrals on Ao distnbution m these sols ane
pemtulated 10 be biological and physical, rather than purcly chemical

This research was conductied as pant of Project 241 of tw Avstralinn Mineral Indusines Rescarch
Azsociation  The sponsors of the Praject are thasiked Far thar financial suppuet.
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CORRELATION OF ORE COMPOSITIONS AND THEIR PEYBICAL-CHEMICAL
PARAMETERS, EXEMPLIFIED BY THEE EOMMUKAR GOLD DEPOBIT
(ERETERN BIBERIA)

GREBENSCHIKOVA V.I., PROKOF'EV V.YU.

The Kommunar gold deposit is located in the central
part of the Kuznetskii-Altai gold belt, stretching for about
200 km. The common term is usually applied for a series of
the separate deposits, which are similar by ore-bearing

structure or ore fields and represented by the vained
bodies, stockworks and dykes, containing gold
mineralization.

Three productive stages of mineralization are revealed:
gold-gquartz, gold-guartz-pyrite (pyrrhotite) and gold-
guartz-tellurobismuth.

The more productive gold-quartz mineralization is
spatially and genetically associated with the Riphean
tholeiitic basalts with low chrome contents and comagmatic
gabbro-diabases. The ore bodies are stockwork zones. The
host rocks, distributed near the ore bodies, are weakly
altered (actinolite, albite). High AufAg values (>10), low
Te, S& concentrations (Fig.l) as well as other elements are
common to the ores of this type. It differs these ores from
the ores of other types, distributed in ore field.

The analysis of separate fluid inclusions (primary and
primary-secondary) in the guartz from gold deposits was
carried out wusing thermo- and cryometric methods. The
obtained data indicate that the gold-guartz ores were
crystallized from chloride magnesium-sodium solutions with
salt concentrations up to 12-14.5 mas% egual to Nacl. High
Cop concentrations (up tp 5.6 mol/kg of the solution) and
low CHy contents (0.3 mol/kg) and maximum COg /CHy values are
observed (Fig.2). The temperature range of mineralization is
340-310°C, pressure - 3.5-16 kbar.

The majority of the deposits within the ore field are
ore veins with gold-guartz-sulfide (pyrite, pyrrhotite)
association. Fresh actinolite, chlorite, epldote, albite,
gquartz, pyrite, carbonate are observed in the near-ore
altered rocks ( basalts, gabbro-diabases, schists). The low
AufAg (<10) and increased Te/Se (»0.1) values are typical of
these ores. The concentration increase of a number of
elements (Cu, Zn, Ag, As, 8), which are mainly concentrated
in the sulfide minerals (pyrite, pyrrhotite, chalcopyrite),
is evident. The hﬂnuganizatiun temperature of ore gquartz
decreases to 310-210%C, while pressure decreases up to 1.9-
1.1 kbar. CHy is more significant as opposed teo CO; in

the gaseous component.

! Quartz-chalcopyrite-tellurium-bismuth mineralization is
not typical of the Kommunar ore field, but it is common to
other deposits of this region. The increased sulfide
concentrations in the ore bodies, beresite occurrences,
distribution within the gzones of the rock increased
permeability, spatial and genetic association with the
granitoid batholiths of the andesite type are characteristic
of these deposits. As compared to the above deposits, Au/Ag
values are equal to 1 and Te, Bi, Sk, Ag, Cu concentrations
increase. The supplementary deep source of the hydrothermal
fluids is supposed.
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Tha fluid inclusion investigations indicate low fluid
pressure (1.7-0.9 kbar) as well as low solution density
under fluid formation. The homogenization temperature of
fluids is stable, egqual to 330-310°C. The dissolved gas
contents vary in a wide range: €0y = 4.6-0.6 mol/kg, CHy -
2.5-0.7 mol/kg, which indicates wvariabllity of physical-
chemical setting under formation of similar deposits.

The obtained geachemical data on distribution patterns
of Auj/Ag and Te/Se ratios as well as other element-
satellites in gold ores well correlate with the
thermobarometric parameters of their formation. The high-
temperatura productiva ore deposits were formed within the
early stage under the increased pressure ( up to 3.5 kbar),
high €05 /CH4 values [ up to 156) and low Te/Se values (<0.01)
in the ore-bearing fluid. The main thermobarometric
parameters (T, P) decrease and the deep hydrothermal fluid
supply, enriched with Ag, Te, CH;, are observed to the end
of ore stage. Wide range of the main parameters variations
is connected with variability conditions of fluid inclusion.
The revealed pattern of the Kommunar ore-magmatic system
development enables prospecting and assessment within the
ore regions.
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GEOLOGICAL=GEQOCHENICAL FEATUREE OF THE ZUN=FHOLBR GOLD
DEPOBIT

GREBENSCHIKOVA V.I., SHMOTOV A.P.

The Zun=-Kholba gold deposit is one of the deposits
within 100 kilometer gold zone in the south=-eastern part of
the Eastern Sayan. This gold location is spatially confined
to the ophiolite belt, which ise controlled by the deep
fractures (Dobretsov et al., 1989; Feofilaktov, 1992).

The Zun=-Kholba deposit iz located within the rocks of
the Riphean layer, occurring between the Archean granite-
gneiss block (polymetamorphic rocks of the plagioplerogneiss
formation) and the Paleozoic granitoid batheolith. The
country rocks are diverse by composition and age:
amphibolites, gneisses,plerogneisses and granite-gneisses of
the Archean age, the Proterozoic carbonate-terrigenous rocks
([ marbled limestones with the "coal schist"™ layers,
gquartzites), the Riphean ultrabasites and the Paleozoic
granitoids. The near ore metasomatites occur within the
above rocks and refer to different mineral associations of
the beresite-listvenite formation. The connection of ore
bodies with cleavage fractures and rupture ZONES
surrounding the deep fractures, results in blastomylonite
and mylonite structure of the metasomatites. The intensive
cataclasis is common to the rocks of the ore field
(Ehmotow, 1977).

The ore bodies are steeply dipping veins and
mineralized zones of gold-sulfide formation. The age of ore
bodiezs iz estimated to be 1700-400 Ma. but it should be
refined. The ore bodies are composed of guartz, carbonate,
pyrite, galenite, sphalerite, tellurides, molybdenite and
tourmaline.

The raverse correlation is chsarved batwean the
concantrations of gold in the rocks and those in the
matasomatites (Fig.l). It, prokably, results from differant
physical-mechanic properties of the rocks. The rocks,
primarily enriched with gold (ultrabasites, amphibolites,
gneiss-granites), are intensively metasomatically altered on
the contacts with ore bodies (serpentinites, serpentinite-
tale-chlorite-carbonate metasomatites). As a result of it,
gold is removed and enriches hydrothermal £luids. On the
other hand, carbonate rocks and schists, originally
containing gold in lesser concentrations, are enriched with
carbon during the near-ore metasocmatism, resulting from the
deep hydrothermal fluids, and become good gold concentrators
en the ore stage (Fig.l). High gold concentrations ([ up to
4 ppm} in such metasomatites significantly increase ore
resarveas.

The increased Bi ( up to BD ppm), Sb ( up to 30 ppm),
Pb (up to n%), Te ( up to 40 ppm) concentrations, which are
in accordance with the mineral assoclations, are observed
in the ore bodies of the Zun-Kholba deposit. Au/Ag and Te/Se
ratios are > 1. According to geocchemical classification of
gold deposits {Grebenschikova, 1990; Troshin,
Grebenschikova, 1991), the considered deposit refers to
gold-tellurium type, which is typical of the locations with
the widely spread magmatism of femic type and deep
fractures. on the triangle classification 5-Se=Ta diagram
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(Fig.2) the points of the compositions of the Zun-Eholba
ores are close to Te-5 side, distributing regularly. The
deposits of such geochemical type are available in the
Urals, Euznetsky Alatau and other locations.

In addition to the above elements, the increased Ni
{up to 200 ppm), Cr (up to 40 ppm) and Co (up to 5O ppm)
concentrations are observed in the ore bodies of the Zun-
Eholba deposit:. The platinoids and chrome are observed in
the gold nugget from the ore bodies (Dobretsov et al.,
1989). These data indicate the influence of the rocks from
the ophiolite belt on the ore process features. The reliable
information on spatial and genetic association between
mineralization and ultrabasites can be cbtained via detailed
geochemical investigations.



GEOCHEMICAL MAPS OVER FINLAND AND SWEDEN

GUSTAVSSON, N., LAMPIO, E, NILSSON, B, NORBLAD, G., ROS, F. and
SALMINEN, R,

Finland and Sweden belong to the same geological unit: The Fennoscandian Shield.
The glaciological history has been the same in both countries: during the Weichselian
Ice Age the whole area was covered by a till blanket. Most of the till blanket was
derived from unweathered or only slightly chemically weathered bedrock. In this
respect an exception makes the northernmost part of Finland, where the ice divide was
situated and where the glacial erosion was therefore weaker.,

Regional geochemical mapping programmes were carried out independently in
Finland and Sweden during the 1980°s using the same field methods and analytical
procedures. Altogether 83 400 samples were collected using sampling densities
1 sample/4 km® - 1 sample/16 km*, The primary data sets consist of analytical results
after aqua regia leaching of the finest fraction of tll. The data sets from the two
countries were put together and a common data set was compiled. The results from
14 elements (Al, Au, Ba, Ca, Co, Cu, Fe, K, Mg, Mn, Ni, P, Ti, and Zn) were accepted
for this presentation. Map production methods developed at the Geological Survey of
Finland were applied and shaded coloured surface maps were produced from the
commaon data set.

The raw data were adjusted within both countries 1o avoid undesired effects and
patterns caused by analytical fluctuations between batches. The corrections were based
on data from regional transition zones along known or visually detected borders of
batches. No attempts were made to adjust the large data sets to match the same level
along the common border. Discordance across the border was visually inspected from
dot maps of data covering a zone along the border. Most elements did not show any
artificial discordance and could be treated uniformly on the final maps. Elements,
which showed an apparently unnatural step across the border, were treated separately
for both countries and are jointly presented on the same map,

The data were smoothed and interpolated to yield a regular grid with a distance of
1 km between adjacent points, The smoothing was based on the moving weighted
median, (Bjérklund and Lummasa, 1983), computed within circular windows centered
at the grid points. The window radius, 20 km, was constant over the whole area and
for all elements. Each data point was assigned a weight according to its distance from
the window centre. The bell-shaped weight function of Butterworth type, (Gonzales
and Winz, 1987), was used. The smoother outlook of the surfaces on the Finnish side
is due to a higher point density,

The compilation of the maps shows that combining of two independently created
geochemical mapping data = in spite of same kind of field and laboratory methods
applied - is not without problems. All analyzed elements could not be used in the
compilation of maps because of differenent concentration levels due to very small
differences in used procedures.

The tectono-stratigraphic features of the bedrock are the strongest control of
geochemical anomaly patterns. This is seen especially clearly in the major anomaly



patterns of the litophilic elements. Good examples of this correspondence are the
Ladoga-Bothnian Bay zone and the Skellefte field, which both are connected with the
boundaries of some major tectonostratigraphic units described by Gadl and
Gorbatschev (1987), for example,

It is remarkable, that most of the main large lithological units do not coincide with
the till geochemical anomaly patterns. The strong Ladoga-Bothnian Bay geochemical
anomaly zone in Finland continues from the area of Proterozoic schists without any
disruption over the contact to the area of Archaean granitoids. Only some Palacozoic
sedimentary rocks cause anomaly patterns, which differ distinctly from the
surroundings: there are smaller sandstone areas in Finland showing very low heavy
metal concentrations and limestone areas in Sweden showing exceptionally high
Ca-concentrations,

These maps seem most useful for delineating target areas for gold. All known gold
fields in Finland are situated in the areas of gold anomaly patterns. The situation is
the same in Sweden, where the known gold ores cause nice anomalies, Single small
mineralizations of vein type situated outside the anomaly zones cannot be detected in
this scale and by this kind of mapping. Very remarkable is the gold anomaly zone (600
km), which continues from SW-Finland to northwest in Sweden. In this zone
economical gold deposits were recently discovered in Sweden as well as new showings
of possibly economic gold deposits in Finland.

The maps of the larger area (together 470 DO km?) shows the relations of anomaly
patterns better than those of each country alone. The geochemical features are easier
to understand and the maps are believed to be an excellent material for preliminary
planning of exploration operations.
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MULTI-PURPOBE GEOCHEMICAL MAPPING OF BOTTOM BEDIMENTS OF
LAKE BAIKAL

GVOZDKOV A.N., WILLIAMS D.F., KARABANOV E.B., PAMPURA V.D

Bottom sediments of water reservoirs reflect the
geochemical situation not only in the water reservoir itself
but also on its watershed area. In addition, a seguance of
correlative horizons characterizes the variability of
gepacological parameters in space and time.

Multi-purpose geochemical mapping is achieved by a
rational use of analytical methods and determination of a
wide spectrum of chemical, physical and biological
parameters of bottom sediments.

Modern cartographic techniques can then be applied for
studies of bottom sediments to provide both a wvisual and
digital pattern of the spatial distribution of the present
environment parameters and to perform the respective of
older geosystems.

In the period from 1989 to 1992, surface bottom
sediments were sampled at 120 stations on Lake Baikal to
measure major and trace elements, rations of stable carbon
and nitrogen isotopes, and the content of some biogenic
phases (biogenic gsilica, organic carbon and organic
nitrogen). Cores of some stations were studied by
radiocisotope methods (Pb-210, C-14 and Cs-137) to define
receant sedimentation rates.

These maps contain estimates of background geochemical
parameters and demonstrate the geochemical classifications,
geochemical and biochemical zonations of bottom landscapes
of diffarent hierarchic levels, including regions of
antropogenic pollution.

Combination of some analytical maps resulted in
synthetical geochemical maps reflecting the chemical and
phase compositions of bottom sediments, the mechanism of
their formation, and the intensity and character of
sedimentations processes. This synthesis may be considered
as a static model of the recent sedimentations in Lake
Baikal. In addition thizs map may be used to create
forecast, retrospective and scenery maps as well as for
environmental paleoreconstructions and to establish the
modal of sedimentation on Lake Baikal.

Analysis of avallable geochemical data suggests the
following conclusions:

1. Though morphologically divided into three depressions,
Lake Baikal 1i1s a single basin of terrigenous-bicgenic
sedimentation with different rates of bilogenic sedimentation
in different basins with a similar composition of the
terrigenous component of pelagic sediments. This is
explained by a similarity of physico-geographic conditions,
climate included, over the grater part of the watarshed
area.

2. Estimation of the trophic level of the three lake basins
based on petrochemical data is the evidence of similar
oligotrophic conditions at a somewhat higher trophiec level
of the northern basin.
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ULTRATRACE WATER ANALYSIS- A NEW FRONTIER IN GEOCHEMISTRY
GWENDY E.M. HALL

In the past several years the Analytical Method Development Section at the
Geological Survey of Canada has been active in both designing and applying
methodologies o determine, precisely and accurately, trace elements in surface waters
at their ‘natural’ ppb and ppt (ng I"') levels. Analysis is divided into ‘packages’ of
compatible elements, all based on the technique of inductively coupled plasma mass
spectrometry  (ICP-MS) but grouped according to different pretreatments and sample
introduction mechanisms. Detection limits as low as 1-2 ppt are achieved, for the rare
earth (REE) and first row transition clements as well as for Pb and Cd, by fully
automated preconcentration using a chelating resin and nebulization into an ICP mass
spectrometer. The elements As, Sh, Se, Te and Bi are delermined by flow injection
hydride generation ICP-MS where potential interferences are removed by separation
of the gaseous analyte from its liguid matrix. Speciation studies to quantify the
amounts of element bound to organic ligands and present as free inorganic ions in
different valency states are in progress. Both chemical and UV imadiation oxidation
methods to liberate organically bound elements are under examination.

These methods are described in this poster together with the resulis of
hydrogeochemical surveys conducted in the Bate Verle and Baie d'Espoir regions of
Newfoundland Canada. Two objectives of these surveys are to: (1) establish a database
of elemental concentrations in stream and lake waters largely unaffected by
anthropogenic input, particularly for parameters (e.g. REEs) hitherlo unmeasured due
to analytical limitations; and (2) asceriain the factors (e.g., underlying geology, till
cover, bulk water composition, sediment character) controlling the distribution of these
glements in solute form. Terbium (and other REEs), for example, in the lakes of the
Baie d'Espoir region delineates the bedrock geology clearly, even al the low and
narrow range of 1-20 ppt. Subtle though definite anomalies in such pgold pathfinder
glements as Te and Bi are seen in streams collected i areas of high gold potential n
Baie Verte. Daily variations in trace element composiion of [ast flowing streams have
been found to be minimal, while spatial vanation within a slow moving stream can be
significant. These findings and considerations of sample preservation and in-lab
contamination are discussed in this poster.



THE DIAGNOSTIC CAPABILITIES OF SELECTIVE LEACHES IN ANOMALY
RECOGNITION

HALL, G.E.M. AND KASZYCKI, C,

Interest in the use of sclective extractions in exploration geochemistry was rekindled
several years ago in Canada when a joint venture was formed between Scintrex (Concord,
Ont.) and Rodgeofizika of the former USSR in order to demonstrate their
‘geoelectrochemical’ methods over different types of mineralisation in Ontario, Two of these
methods are essentially selective leaches for (1) metals bound as humate and fulvate
complexes in humus, and (2) metals adsorbed by the highly scavenging properties of
amorphous Fe and Mn oxides and hydroxides present in soils and tills. The peochemical
pattern thus obtained would then reflect that portion of element which had been present in
a relatively labile (free ion) state as a result of secondary dispersion, as distinguished from
that portion bound in insoluble organic matter (humin), sulphides, carbonates, crystalline
oxides, refractory minerals, etc. The Analytical Method Development Section at the
Geological Survey of Canada has refined these two leaches, based on the displacement
properties of pyrophosphate (for soluble organics) and the reducing action of hydroxylamine
hydrochloride (to liberate Fe/Mn oxyhydroxides), and has continued to develop a sequential
procedure to also identify those metals/metalloids held in the following phases: (1)
carbonate/exchangeable/adsorbed;  (2) crystalline Fe oxides; (3) sulphides and ‘insoluble’
organics; and (4) silicates. Tt must be bome in mind that the results obtained are
‘operationally defined’, that is their accuracy and precision depends on the nigors of the
experimental conditions applied; classifications used in describing the phases must
accordingly be somewhat general.

This poster describes these leaches and demonsirates their diagnostic usefulness in their
application to humus, soil and till collected at the Chisel Lake mine (Zn-Cu mineralisation)
in northern Manitoba, Canada. At a spacing of ca. 200 m, samples of humus, B-horizon
glacial till (soal) and C-horizon glacial till (parent material) were taken at each sile.
Sequential extraction (five phases) was carried out on both the -B0 mesh and 2um fraction
of soil and till and on the -80 mesh fraction of humus (six phases). Samples of C-horizon till
reflect primary mechanical erosion and transport of minerahised bedrock. B-homzon till
samples have been subjected to secondary chemical processes in the near surface
environment and, as a result, may be depleted or ennched in metals relative to the C-
horizon, depending on site specific weathering mechanisms, Humus reflects a combination
of surficial geochemical, biogeochemical and atmosphene processes. Al each site, the
distribution of metals bound in various phases for each of the three sediment lypes was
compared and interpreted wiath respect to location and type. Based on these observalions,
distinct peochemical signatures have been identified for anomalies created by glacial
dispersal, hydromorphic/biogenic dispersion and surface contamination.



GEQCHEMICAL PROGPECTING FOR GOLD IN THE EL SUKARI GOLD
MINE. EASTERN DESERT. EGYPT

HASSAN 7. JIARRAZ
Department of Geology. Faculty of 3clence
Tanta University, Egypt.

a

ARNE DJPRLYHKHKE
Department of Geclogy,Inetituta for Eaulﬂq?,
University of Q3lo, OBlo=Norway

AESTRACT

El Bukaril gold lede is ‘housérd alopg fractures in a granite and
matavoloanic-metasedimentary rocks, being largely controllsd by a HE=-SW
trending fracture systema that affected the Zastern Desert. During
these deformational ewvents, faulting seems %to have resulted in
hydraulic fracturing These hydraulic fractures have acted a9
favourable sites of localizing the gold-bearing quartz veins.

Primary dispersion halces of An. Ag. B, Az, Hg. Cu, Mo, Zn, Pb. Sn. Be,
Ni, Co and Ba were studied in the El Sukari gold mine area, Eastern
Dessrt of Egypt. The study is based on 187 hedrock and 78 quartz wvein
unmplll caollected aleng twelvs traverses across the mineralized zones,
where Au-bearing gquartz wveine orrur at the southwestern contact between
a granitic body and the metavolcaonic-metasedimente. Anomalous gold in
the esurface samples is mostly rhsarved over the shear zones containing
quartz-carbonate-chlorite materials.or within albitized granite in the

saptarn part of the granitic body. Gold-content variesd over a wids
range (¢ 0.01-27 ppm). The results showed that 8, Ag., Cu and Zn form
relatively wide primary halees on the surface; reflecting their

ussefulness as pathfinders in determining the extent of Au-concentration
in primary haloes that influenced by superficial processes, 1in the
sastarn Egypt.

To study the variation of trace sleément contents with depth, 85 samples
warea collescted from underground working at the El Sukarid gold mine.
The distribution of Au and Ag exhibited & high concentration in the
Iateral as compared with the wvertical directions. "Gold contents as
high as 179 ppm weres chtained firrom the guartz veln samplea. In addition
tha Au-content ranges was high (5.8 and 20 ppm!) 1in some of the altarsd
granitic host rock samples coll=scted from level I and shaft no.A.1,
although wvaluess sharply decreased with depth. Thus, exploration
activity should extend to quartz vein and wallrock alteration materials
anriched by Au and Ag. inztsad of being restricted to the guartz wein
material alons.



Zine Distribution Model in Wallrocks of Emarat Pb-Zn Mine and
Potential Applicability in Local Exploration

by

All.A.Hassani Pak+*

Abstract

The Emarat Pb-Zn mine is located at about 50 miles south
of the city of Arak ;, lran . This Pb-Zn ore deposit has been
clessified as a lower-Cretaceous stratiform deposit . Thick
bedded silicified limestone and yellowish limestone with
ahale and aboundant of calcite veins make the footwall -and
hanging wall of the ore body respectively . Some evidence of
recrystallization occure all over the area of study.

In the present mine-scale lithogeochemical survey 36
hanging wall samples and 37 footwall samples were taken from
exploratory tunnels, drillholes and open pit.All samples were
taken in the range of 0-40m from ore layer . The samples were
analyzed only for Pk and Zn content . After statistical
treatment of the obtained data,the relationship between three
variables including concentrations of Pb and 2Zn in wallrock .
distance from ; and thickness of ore layer were investigated
by plotting two sorts of scatter diagrams : (a) Plotting
concentration versus distance for each sample while the
thickness is constant; (b) Plotting thickness versus distance
for each sample while the concentration is constant.

The Zn distribution model in footwall and hangingwall
show the same trend , with about four times higher concentra-
tions in footwall . The Zn distribution model curves ranging
from 300 to 600 PPM shows a potential applicability in local-
scale exploretion while the Pb distribution model curves due
to irregularity and lack of enough ordering is useless for
such a purpose . By measuring Zn content in enough wallrock
samples along the same path in ftunnels or drillholes .
and wusing the established Zn distribution model in the
wallrocks ; one can predict the distance from vein and the
thickness of it.

# Asspciate Professor of Mining Eng.,Tehran University,
P.O.Box 11365-4563, Tehran, lran, FAX:98-21-6461024
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RKegional-5cale Lithogeochemical Survey in Alvand Plutonic
Complex ,Hamedan , Iran

by

All.A.Hassani Pak#

Abstract

The Alvand plutenic complex located in middle west part of
Iran + just south of Hamedan . It is also one of the plutonic
complex which has been emplaced east of Zagross Range . The
evaluvation of ore-bearing potential or productivity of this
complex and genetic relation to possible mineralization were
the main aims of the present study . CGranitic rocks and
associated pegmatites are among the most frequent intrusive
rock types in this complex .

Twenty eight pegmetite samples and fourteen granitic
samples were taken and analyzed for 10 major elements amd 13
trace elements including B.Ba,.Co;Cr.Cu;GaLa;Ph.5c.85r.Y.Y and
Li . Statistical analyses of single and multi-eleéements vari-
ables such as Li Mg/LiiNa2o/ 5102, FeQ(total )+MpO+MnO+TI102 were
performed . Also relative comparison of the value of the
above mentioned variables with those of barren and productiye
plutonic complexes were carried out . The results indicate
that Alvand plitonic complex could be considered as &
productive one,

To determine Lhe génetic classification of these granitic
rocks Al = (Na20/51i0211000 ; A2 = FeQ(total )+ MgO+ MnO+ Ti0o2
diagram was plotted. Eleven out of fourteen samples indicate
the presence of I-type granitic rocks and only three samples
where consistent with S-type granite.

# Associale Professor of Mining Eng..Tehran University
Tehran. [ran . P.O. Box [1365=4563, Fax 98-21-646]102d4
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GEOCHEMICAL EXFPLORATION FOR BAEE METAL
AND GOLD MINERALIZATION IN LOEIL
REGION, NE THAILAND

JUMNONGTHAI M, and NUCHANONG T.

Economic Geology Division, Dapartment of Mineral Rescurces,
Thailand 10400, Fax no., BB-2-24B59A55

Loei regien, NE Thailand, 18 wall known as one of the most
interesting area Tor basa matal and gold mineralization. Series
of geochemical exploration programs had begun in the Loei region
since 1979 by Geochemical Exploration Section, Economic Geology
Division, Department of Mineral Resources, covering the area of
more than 8,300 sq km. The Loai region 1s underlain geclogically
by sedimentary and Tow grade metamorphic rocks of Palasozoic age
which were injected by Permian-Triassic volcanic and granitic
rocks.

Tha stream sadiment geochamical survey was undartakan in
nine sub-areas and & total of 11,888 active stream sediments
ware collected using 200-500 m sample intervals. In addition,
field panning survey fTor gold was carried out during the
program.

Tha gecchemical distribution patterns of Cu, Pb, ZIn, 5b,
and As show the anomalous patterns related to saveral base
matal and gold prospects. The presence of vigsible gold grains in
field panned concentrates are widespread and lead to tha
discovery of many primary gold occurrences.

The ovaerall results of the geochemical exploration program
in the Loai region indicated that a) geochamical anomalous
patterns in stream sediments related to 12 copper, 22 lead, 4
zinc, 1 antimony, 29 barite and 8 primary gold occurrences, b)
stream sediment geochemical survey in Loei region is very
affective for base metal and gold exploration. Consequently,
four special prospecting license areas (covering area of 2,400
g9 km) were granted to private sectors for evaluation of thesea
gold and base metal prospects.
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HUMUS AS A MEDIUM FOR LOW-DENSITY SAMPLING

ggﬂ,u_az( . PETER EDEN AND ALF BJORKLUND
BO AKADEMI UNIVERSITY, DEPT. OF GEQOLOGY
SF-20500 ABO, FINLAND

Vanous types of geochemical media were sampled from 43 large catchment
basins in Finland, Sweden and Norway as a pilot study within IGCP Project 259
"International Geochemical Mapping", which averages one basin per 23 000
km?2, A total of 523 humus samples were coliacted, ashed, leached in hot Agua
Regia for 1 h and analysed for 30 elements by ICP. The contants of tha chemical
elements were expressed on the dry weight basis and tha median contents for
each basin were plotted on maps. An attempt was made to correlate the chemical
features of the humus-layer with geclogical faclors and atmosphenc deposition
reveaied by moss analyses,

High contents of Ca and Sr are closely related to the occurence of limestanes
and dolomites. The low contents of Ca in humus from southern Sweden and
Nerway may be a result of leaching caused by acid rain, Chromium contents
display a regional paitern that can be related to anthropogenic as well as natural
sources. High concentrations were found mainly in the northern parts of Finlang,
where some of the basins recieve anthropogenic Cr well raflected by contents in
moss analyses whereas in other basins high concentrations reflect anomalous Cr
in the underlying bedrock and till. Of the analysed elementis Cr has the highest
correlation between humus and till (r=0,48),

Contents of Pb, Bi, Cd, As and Sb ara all highly elevated in the southern pars
ot the countries. especially in Sweden and MNorway. The anomalgus patterns
follow those of mess analyses and are therefore considered as anthropogenic
The source may be deposition due 10 long-range transport as well as poliution
caused by a high population density in the area. The pattern of the contants of V
coincides partly with that ot moss analyses and may therefare 1o some extent be
of anthropogenic arigin. Zinc acts as a micronutriant and thersfore it also redlects
uptake by plants and internal cycling in the ecosystems to a ¢cenam degree which
may explain the somewhat unclear pattern of this metal. This is also true for the
Cu contents, which form no clearly defined patterns.

Concentrations of Ma and Mg are high in Norway probably as a resull of
windblown sea salis from the Atlantic Ocean. The patiern of B seems to retect
both anthropogenic and sea salt deposition

The distribution of the P and Al contents does not display leatures that could
be explained by factors such as the geochemistry of till and bedrock. The low
concentrations found throughout the southern part of the area migh! sugges!
laaching resulting from acid rain.

High contents of Ag are found in the southern and middie pans of Narway and
in the migdie and northern pans of Swedan, whereas high contents of Mn pecur
in southern Sweden. No explanation tor the areal distribution of the contents o!
these and a number of other metals (e.g. Ba, Ni, Th and Ti) has so far been
found.

The geochemistry of the humus horizon was found to reflect environmental
changes, even at the very low sampling density used and may even reflect
geposition of vanous elemeants which look piace many years ago. Humus is an
essential part of the ecosystems and it does not add much to the costs of
gecchemical surveys because it is easy to sample. Thergfore this matenal should
D& Included in multimeadia surveys at low sampling densities.
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GEIMHFMISTEY OF A SEDIMENT CORE AND APPLICATIONS OF CLUSTER ANALYVSIS [N
[NTERPRETAT I NG DATA

RARHASSL, A. R.

Elemmtal concentrations (Cu, 3?. Ph, Ni; Co, Mn, Fe, Al and Ca), Loss=
un lemition (LOI) and Magnetic Susceptibility (Xm) of a sediment o
[GC=-11 trom West Coast of India were determined. Dendrogram of ecochemical
and physical parameters of core GC-1 was drawn through Weisghted Pair
Group method of ecluster analvsis (Fig. 1].
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Fig. | DENDROGRAM OF GEOCHEMICAL AND PHYSICAL
PARAMETERS OF SEDIMENT CORE GC-1,

Aluminium. Cu . Zn. Fe. Co. Ni and Mn ecluster at very high simliarity
roefticienta (>0.86) indicating that these =léments have a principaliv
lithoenous source. Comparerd to the high similarity coefficient for
anbeluster "a", 01 and Ph  join at low similarity coefficients of 0.45
and 0.35% to form cluster "A". Thepefore, oreganic matter does not

signifirant |[v contribute hase rlements, nor does calcareous shells,
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Mngnetic susceptibifity (Xm] and Ca form cluster "B" at a nmegative
gimilarity coefficient nf =U.16. The two cluster join at an even more
negative gimilarity coefficient of -0.30., Magnetic minerals do mot sppear
to ke derived from detrital sources.

Pown=-care +wariations of the paraseters studied are contralled hy
the sediment type: SHandy silt (top 10 Om) has lower elemental conteonbs
frecent  Fho oanel a0 conpared to clavey asediments in the rest of the
nara, The abimdant shell fragments at 72 0U'm depth are sugdeative of

A shel | navement S lng depsit,
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BEALLOW GOLD DEPODBIT FEATURES AND THEIR PROBPECTING IN THE
INTERMONTANE DEPREBBSIONE

EITAEV M.A.

1. Gold mineralization in the zones of the Mesozoic
tectonic-magmatic reactivation ( the Mongol-Okhotsk belt) is
subdivided into three formations according to the depth
i.e. middle-depth formations (Lyubavinsky), subvolcanic
(Darasun, Ilinsk) and near-surface (Baleisky) ones. Each
formation is located according to the main structural
elements of gold-bearing belts and their erosion shear. The
near-surface deposits are structurally associated with the
intermontane depressions.

2, The rich gold deposits of the Baleisky type are
mainly observed in the depressions. However, the prospecting
of such deposits is very difficult, as these deposits are
hidden and overlapped by the recent loose sediments. The
geochemical methods were not applied as the prospecting from
stream sediments was considered to be not efficient. The
small-scale geochemical survey from the stream sediments of
the solid (fine fraction) and liguid phases is appropriate
to distinguish depressions and +to discriminate the
metallogenic types, using the statistical parameters of ore
and rare element distributions. The inner pattern of the
given structures is exemplified by the Undin-Dain depression
with the near surface deposits.

3. The lateral zonation of the ore region is evident
from the geochemical survey of the depression at 1:50 000
scale. It involves the successive changing of the major
element associations with the displacement te the subsiding
region part and decrease of deposit formation depth ( from
the deposits, formed at the median depth, to near surface
ones) in the following order: Wg—3pBeg-jgMos-sAug-35 =---
Auys=1pooAs5-150A910~3 oBs=1g9Bis=-sTe === Agg=-4phus- 3ohS5=10
BiPba—q —— Aujs=3pphgs-10hsSby~g ( The numbers indicate
average contrast coefficients of the elements i.e. ratio of
element average concentration to the background content)

The data unite all facies types of mineralization into
the common ore series and connect this series not with
the certain intrusive bodies, but with tha zonation
features.

4. The near surface deposits are diverse by structure
and composition as well as by the type of association with
tha volecanice structures. The structure of ore fields i=s
axemplified by the Balei and Nizhneangarsk deposits, as the
common features as well ae the differences of the
geological-structural, morphological, mineralogical and
geochemical features are evident here. The patterns of the
deposit primary haloes and ore fields ( gqualitative and
guantitative compositions, morphology, zoning) are
presented. The total pattern of the substance
differentiation on the deposits of near-surface formation
and the summarized vertical zonmation of the metasomatic
column are considered.

5, Tha racognized geological-gecchemical spacific
features of the depos’ts, zonation of the ore fields and are
regions in the intermontane depressions allow the revealing
of the griteria of near-surface deposit prospecting:

[



metallogenic ( to distinguish depressions and toc reveal the

formation) ; structural (relations of mineralization

structures of all ore zones); magmatic (polycycle pattern of

ore-magmatic system development); gecphysical ( gravitation

and magnetic anomalies); mineralogical ( ococurrence of

mineralization zone and guartz near-surface formations) ;

geochemical (formation relation of geochemical anomalies,

qualitative alteration of element associations and

guantitative composition, ore element ratio Ag/hu,
{ds + Sb) fAu, As/hg as well as zonation of dispersion haloces
of ore region, ore fields and deposits).
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MICROORGANIBM PARTICIPATION IK GOLD TRANSFORMATION ON THE
DEPOBITE AND GOLD EXTRACTION PROCEDUREB

KOROBUSHEINA E.D.

The obtained data change the concept of gold migration
in the hypergenesis zone of gold and placer deposits. The
pattern of hypergene gold migration on gold-silfide depoaits
and its concentration in the secondary gold subzone and in
the 2zone of gold-sulfide enrichment, considering the
microorganism geochemical activity, is represented for the
first time. In the ecological niches of hypergene sulfides,

microorganism biomass ({ sulfate-recovery bacteria,
microscopic fungi, vyeast, organotrophic bacteria) contains
up to T0=120 ppm of gold. Biomass of Iironbactaria

(Metallogenium) concentrates gold up to 49 ppm. Gold in the
biomass is mainly fine-dispersed { from 2 to 40 mkm). In the
cells gold migrates and after their lysis it is removed to
different rocks and minerals. The metal migration boundaries
are found te be extended. Biocenosis and special
microorganism significance in gold traneformation is
considered. The mechanism of gold transportation and gold
origin in the Thipbacillus ferrooxidans cells, which are
very active in the formation of oxidation zone, as well as
in the yeast cells Candida utilis, which are the main gold
concentrators, is studied for the first time. The main
features of ionie, colloid, fine-dispersed and native gold
influence on the physiolegical state of the bacteria cells
are revealed. The data on mechanism and kinetics of process
on bacteria solution, accumulation and "new"™ gold formation
in the cells as well as on the surface of its primary
particles are given. The obtained data are used for problems
of fundamental and applied gold geochemistry.

Under microbiological and chemical sulfide oxidation,
gold is exXtracted and dissclved a=s tiosulfate, halogen,
gold-organic complexes, aggociated with iron oxides .
Comparison of thermodynamic characteristics indicates that
gold-organic complexes are stable (Eh from +0.7V = 0.2-
0.5V) in a wider range as compared to tiocsulfate (Eh from
+0.4 + 0.8V) ones of the oxidation-reduction potential. The
sulfates are reduced under the presence of sulphate-reducing
bacteria, the complex gold compounds are destroyved and form
the zone of secondary gold=-sulfide enrichment.

It is shown, that gold was concentrated mainly wvia the
biogenic method. It is proved by the prevalence of fine
gold, associated with the sulfides, which results in the
intensive sulfate reduction and gold solution. The majority
of fine-dispersed biogenic gold mainly concentrates in the
biomass and ore substance after cell destruction.

The microorganism geochemical significance is studied
en Nizhne-Koshelevek depeosit of steam hydrothermae as well
as on the recent gold-polymetallic deposit of active
volcanism occurrences of the southern KXamchatka. The
obtained data indicate that the formation of the recent
voclanic-ore deposits is associated with caldera
microorganism activity. Algo-bacteria assemblages contribute
to formation of gold concentration fields in the
hypergenesis zone and are the active agents in gold solution
and recovery, which is accompanied by the "new" gold
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formation and its grain coarsening.

The study on geochemical microorganism activity in gold
transformation on tha deposites of Sibaria and Southern
Kamchatka, are the basis for development of gold and silver
extraction procedures 1i.e. microbiological leaching of fine
dispersed gold from guartz=feldspar ores and sands,
oxidized remains with fine gold; biological extraction of
fine-disseminated gold from gold and silver-bearing ores and
concentrates wusing the combined culture Thiobacillus
ferrooxidans and Thiocbacillus thioxidans. This culture
enablea the increasing of technological procedures under the
decreased temperatures; development of the recent procedures
with high extraction of dissolved and fine gold using the
convective dry biomass of the microorganisms from the
technological solutions, untraditional gold-baaring
gsubstance.

The new ecologically safe procedures decrease the loss
of fine gold to 20-560%, and in some cases they will enable
almost the complete gold extraction from the untraditional
gold=-bearing substances, though the under up-to-date
procedures the reworking of such material is impossible. The
reserves of fine gold on each deposit are large.
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MCNITORING OF THE SMOW COVER AND SUPPLY OF HEAVY METALS INTO
THE S50IL, EXEMPLIFIED BY THE SOUTH BAIEAL REGION.

Knralévu G.P., Pampoura V.D., Arsenteva A.G., Belogolova G.A.

The main goal of the snow cover survey (s assessment of
pollution of near-surface atmosphere, waters, soils. The sampling
of monitoring profiles are systematically conducted in agro-
industrial zone of the Irkutsk region, starting from I9B&. It is
gimed &t reliability of ' geochemical data on technogenic
anomalies, their parameters and pollution of soils by the
components of the snow cover. One of the profiles is observed
in the south-eastern part of the region through the centerz of
heavy industry and agricultural zones. Another one occurs in the
northwestern part of the Irkutsk region and crosses the large
Bratsk water reservaolr.

The water phasa of the profile snow cover is represanted
by low mineralized waterz of hydrocarbonate= sulfide and
hydrocarbonate-chioride-calclum-magnesium compositions. The
waters in 3Shelekhov and (ts vicinities are marked by high
fluoride contents.

The solid phase of the snow cover is a complex mixture of
silicate=coal=-carbonate composition with high silica { to &9%%),
alumina f{to 2&6%), calclum { 1S 9% contents amd high loss of
volatile elements under ignition. The concentrations of
microelements are higher than the background contents for
podsolic solls of the taiga Iorest { zinc (to 5330 ppml, copper |
it 360 ppm); lead (to 3%0 ppml, boron ( to LEO ppml, silver [ to
L.& ppmi).

Despite the significant difference in mineralization of the
snow waters, depending on year of sampling ( from 10-136 mg/sl to
=73 mgsl), the increase of micro- and macroelement contents IS
observed for the industrial centers and agricultural zones.

The bulk content of heavy metals, supplied with liquid and
solid phases of the spow cover during the winter was calculated
per unit of area. The Table gives the data on heavy metals
supply (@ and heavy metal contents in the humus horizon in the
places of maximum man-made Impact.

Microelements Q solld phase Q liqulid phase contents in

E/Kma g/ kma humus horizon
Fb 356.8-1667.0 10.0=-34.0 109.0=-150.0
Cu 376.6=3327.0 202.0=-5862.0 100.0=300.0
in 556,0=5000.€ 304.0=-Z050.0 100.0-600.0
L 233, 2-4000.8 13.0=231.0 80.0=-150.0
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PROGRAMMES: "GEOECOLOGY OF RUSSIA"™ AND "GEOCHEMICAL MAP
OF RUSBSIA"™ (1991-2005)

KOVAL: P.V., BURENECOV E.K., GOLOVIN A.A.
The concept of "Multipurpose geochemical mapping (MPGM)

of Russia at 1:1 000 000, 1:200 000 and 1:50 000 scales
has been recently developed by IMGRE (Moscow) jointly with

VSEGEI (Sankt Petersburg), Vinogradov Institute of
Geochemistry (Irkutsk), DVIMS (Ehabarovsk) and other
institutes as a basis for the programmes "Geoecoloagy of

Russia" and "Geochemical map of Russia".

The main goal of the programmes is to compile the
sat
of multipurpose geochemical and gececological maps, which
carn be used for the environmental =studies, mineral
exXploration,soll geochemistry, geochemistry of geocecological
formation and alsc for the nature exploration planning.

Considering the fact, that the recent activity of the
humanity has an environmental influence on geological
scale, the main subject to be investigated is additive
geochemical fields, which are formed by both natural and
anthropogenic processes. The concept of geocecosystem is
introduced as a geoclogical media and man environment,
ralated by substance, energy and informatlion exchange. The
geocecosystems of different scales are the main objects of
integrated geochemical studies in the considered programmes.

The sampling media are =stream sediemnts, surficial watres,

solls, bedrocks, plants, ENOW, atmospheric dugt,
biosubstratums. This list can be reduced after the pilot
stage of the project and detailed investigations.

The recommendad sampling density is 1 sample per 1
sg.cm. o©of the designed map. The design of the sampling
strategy is recommended to be based on a guasi-uniform
network of the sites, selected using  the following
preparatory maps: landscape- geochemical regionalization;
functional zoning; structural-formation and metalleogenic
regionalization.

Before carrying out systematic geochemical mapping of
Russia, the map of different geochemical landscapes will be
compiled at 1:5 m scale. Initially, orientation studies must
be carried out for both programmes. The corientations project
entitled "Polygons of Russia" ("Polygon") is aimed at the
development of multipurpose geochemical and gececological
mapping procedures.

The coordinated system of the analysiz and quality
control will be required for MPGM of Russia. The database
and computer data management system should also ba
devaloped.

The experieance advantages from othar national and
International Projects, particularly IGCP 259 one, are
intended to be followed.

Both programmes are funded by the BState Committee on
Geology and Utilization of Mineral Resources.

Orientation studies began in 1991 mainly in 6 polygons:
Kola, Moscow, Altai, Baikal, East Transbaikalian and
Primorsky.

The main sbjectives of the "Peolygon" stage (1991-1995) are
to recommend techniques for multipurpese geochemical mapping
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in different landscapes af the ecountry and to prepare & set
of the legends and map formats for 3 groups of geochemical and
gececological maps. They are as follows:

1. preparatory maps:

- inventory-geochemical regionalization;

- functional zoning;

- structural-formation and metallogenic regionalization;

2. intermediate maps:

- single elements maps;

miltielement maps;

3. final maps:

- geochemical quality of the environment;

- geochemical specialization of soils and the identification
of agrogeochemical zones;

- geochemical characterization of the primary geological
formations;

- geological-ecological;

= land-use planning.

Standard models of the legends and map formats have
been designed.

The most important feature of the "Polygon" orientation
study is the flexibility and diversity of approaches on
different polygons. The scientists involved are also free to
develop and conduct their own experiments.

15 regional Geclogical Surveys and 10 Institutes,
participating in the "Polygon" stage of MPGM are coordinated
by the interorganizational coordinating Council.

More details in "Polygon" Project are given in abstract devoted
to the Baikal polygen subproject.
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HULTIPURPOBE GEOCHEMICAL MAPPING IN THE BAIEARL GEOECOLOGICAL
POLYGON, ROUBEBIA

KOvaL P.V., R¥YABYEH E.M., ZHBANOV E.F., MYASNIKOV A.A.

The Baikal geoecoleogical polygon is one of the several
testing areas, chosen for realization of the initial stage
(1991-1995) within the programmes "Gececology of Russia" and
"Geochemical map of Russia, Ffunded by the State Committee on
Geology and Utilization of Mineral Resources.

The principal aim of the programme is to develop
scientific procedures for compiling multipurpose geochemical
and gececological maps (scales 1:1000 000, 1:200 000 and
1:50 000) as= the basis for: the assessment of environmental
pellution; the identification of mineral deposits;
comparison of the distribution of chemical elements in
coexisting natural media, inecluding bedrock, soil and stream
sediments, waters and botanical samples; land use with
particular refereance to agricultural and forestry,
environmental geochemistry and health; the development of a
syestam of geocecological monitering ; implementation of
gampling and guality control procedures; coordination with
national and international projects such as "zlobal
environment and eclimate changes®, IGCP 259 "International
geochemical mapping", ete.

The initial stage of the above programmes, entitled
"Polygons of Russia" is scheduled for 5 years (completing in
1995) . Initially, data will be collected for compiling
maps at 1:1 000 000 scale and then at 1:200 000 (1993-1994)
and 1:50 000 scales(1994-1995). The results will be summed
up in 1993-1995,

Establishments executing the programme:

Vinogradov Institute of Geochemistry, Irkutsk; Irkutsk
Geological Survey; Buryat Geological Survey; Sosnov
Geological Survey.

The Baikal polygon is one o the biggest polygoens,
included in the programme ( 10 km®). The unigue fresh-water
Lake Baikal is situated in this testing area. The polygon is
characterized by a wide range of different geological
gsettings, including platform structures, their basement and
folded framing of different ages, orogenic depressions and
troughs, both recent and paleorifts; a wide distribution of
metalliferous and non-metalliferous mineral deposits; high
seismic activity of a number of regions; a diversity of
landscapes; a number of man-made water reservoirs,
agssociated with hydropower stations; the frontier position;
high industrial development of the considerable part of the
territory. The pollution degree wvaries from minimum along
part of the Baikal coast to extremely high in the vicinity
of such towns as Shelekhov, Angarsk, Zima.

At the preliminary stage (1991-1982), a series of
auxiliary maps was compiled to inventory the scope of
geochemical studies, geological structures, landscape-
geochemical gonation, functional zonation as well as the
sampling , all used for planning works and selection of the
gsampling sites. Sampling is intended to be carried out at
two site types: "ordinary" and "base" stations (sites).
Spacing of ordinary sampling sites is accepted to be close
to 1 point per 1 cm of the map to be compiled.
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The active stream sediments (-0.18 mm fraction for
analysis, 1 mm fraction for storing and experiments), stream
water , 2 soils ( one sample is from the floeodplain, another
one - from the slope, A and (B-C} horizons) as well as
bedrocks (0.5-1kg) are sampled at ordinary sites for the
maps at 1:1000 000 scale. The number of sanples, collected
at the base station is higher. 1In addition to the above
mentioned, the sandy-gravel fractions of stream sediments,
the branches of birches  and willows, water mosses are also
sampled, More detailed analytical and methodological studies
are carried out at the base stations (repeated sampling,
seasonal observations, study of distribution of the
substance between fractions of the media to be sampled,
comparison of different sampling technigues and different
treatment and analysis procedures). A number of base
stations is not lass than 1/310 of the total satation number.
The base stations are of different levels, according to the
problems to be solved: single sampling and repeated sampling
(monitoring). The base stations should cover all typical
landscapes, geological and anthropogenic settings and be
consistent with the aims of the Global Geochemical Sampling
{ IGCP 259 Project).

Other studies also include:

- systematic geochemical study and mapping of the snow
cover;

- exXperiments on bioclogical testing of diverse environments;
- aerocscl air and on-land survey;

- experimental survey of over-flood sediments;

= studies on geochemistry of water runoff and bottom
sediments on Lake Baikal:;

= geochemical study of bottom sediments and water of the
water reservoir of the Angara River cascade.

The samples are analyzed for more than 40 chemical
elements (OES, AAS, RFA, etc.). The field of application of
different analytical techniques, including the approximately
guantitative OES have to be assessed.

To provide the guality <control, each batch of 33
samples will include: (i) one field duplicate ( parallel
sampling), (ii) one laboratory duplicate , (iii) one
reference sample.

The results of 1991-1992 are illustrated with the sat
of auxiliary and gecchemical maps at scales 1:1 000 00O0.
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THE NONBARRIER BIOGEQOCHEMICAL PROSPECTING (NBP) - THE
NEW DIRECTION IN THE SEARCHING GEOCHEMICAL EXPLORATION
ON THE DAY'S SURFACE

KOVALEVSKI AL

Litht-, hydro- and biogeochemical searching explorations on the day's surface have
the aim to reveal the perspective areas for the detailed geological-prospecting works
with using of mine works - diggings, ditches, tranches and drilling cores. The most
detail scale of such geochemical works is usually 1:10000 and very seldom 1:5000
The nonbarrier biogeochemical prospecting (NBP) is the I:i-El;iHEI:I biogeochemical
exploration in the perspective squares in prospecting scales 1:200-1:2000. They have
the aims to reveal and to contour separated ore bodies and deposits and 10 evaluate the
geclogical prognostic resources of the useful components in them.

NBP is based on the revealed, studied and approbated by the author imnear
correlation between the contents of chemical elements in nonbarrier bioobjects of
plants and in their rootinhabited zone of scils, rocks and ores (Kovalevski, 1978-
1992), This dependence 15 established by us and other investigations for Ph, Ag. Au,
Ra, U, Be, Mo, W, F. The preliminary data are received for Sn, Cd, T1, As, Sb, Bi, Pz,
La, Ce, Zr. It 15 undoubted that by the further special investigations the similar
dependences would be established for other ore elements.

The elaboration of the concrete methods of NBP is possible only in the next
conditions: 1) the presence in the dominant plants of the investigated landscapes the
nonbarrier bioobjects for ore elements which are the objects of searching works; 2) the
forming of the ore biogeochemical haloes by the lithobiogeochemical model of the root
nutrition (Kowvalevskii, 1991 in Russian; Kowvalevskii, 1991 in English), 3) the
displacing of the root nutritive horizon in the upper parts (in the undisplaced elubium)
of ore bodies, which have contact with the lower parts of the investigated plams root
Systems.

The every elaboration of the concrete method of NBP is NOW HOW . It have great

value as it make possible to reveal, contour and evaluate the geological prognostic
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resources of separated ore bodies and deposits with the minimal expenditures of time
and money. The important dignity of the NBP is its ecologity as when using it take
place the minimal disturbances of soil and vegetable covers which connected wath the
digging of short ditches for the verification of the supposed ore biogeochemical
anomalies (SOBA) of the various geochemical types.

By the experience of our 15 years works the next modes of the NBP treatments are
recommended, 1) The sampling of the nonbarrier bioobjects of plants by the crossed
system of profiles over 20-60 m for simultancous revealing ore bodies various
directions. 2) The sampling of these bioobjects in the stripes to 40-60 m wadth for
quaranteeng of the middle interval between samples in profiles 1-3 m 3) The
thickening of the sampling points to scales 1:200-1:500 when detailizing the SOBA of
ore elements. 4) Opening by short ditches various geochemical types of the SOBA
which are determined by the relations between ore elements and their companions. The
aims of these openings are the verification of the SOBA, the receiving data on the
plant-ore coefficients (POC) and the determination of the opened ore bodies and
orebearing zones streaching. 5) The construction of the maps and sketch-maps of the
nonbarrier biogeochemical haloes, anomalies and SOBA of the ore elements and their
companions for separated localities. In these constructions the revealed direction of
streaching is taken into account when anomalies on the neighbour profiles are
correlated. 6) The constructions of the generalized biogeochemical maps and sketch-
maps which make it possible to reveal the general structural plan of ore fields. The aim
of these constructions is the choosing of the squares for the further searching works
with using of NBP, 7) The complexing of NBP with other methods.

Our experience of the NBP for base metals, molybdenum, gold and silver is
published partly. The most interesting results concern the NBP of the veined silverore
bodies and deposits in the investigated by us region where early 4 times were
conducted the detailed geological, soil-geochemical and geophysical exploration for
silver in the scale 1:10000 by the Industrial Geologic Organization (1G0). Here with

the help of NBP we have reveal 160 SOBA of silver with its contents from 70 to 3000
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ppm in the background 0.5 ppm in the ash of Pinus sibinca and Larix dahurica old
stumps. On J thickenings with 51, 35 and 18 SOBA here we prognoze smafl deposits
of silver with approximately corresponding guantities of silverore bodies. This
experience would be discussed in details in this symposium,

NBFP must be considered as the new direction in the scarching geochemical
exploration on the day’ s surface. It is stipulated by the fact that the geochemical works
in the prospecting scales of 1:200-1:2000 early were not conducted, Taking into
account high effectivity and perspectivity of NBP it is necessary to organize the
elaboration and approbation of the concreie methods of NBP in various conditions of
the earth’s globe. NBP is of special interest for developing countries as it is the right,

quick, economic and ecologic method,
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BIOGEOCHEMICAT EXFLORATION AND FROSFECTING IN

VARIOUE GEQLOGICAL AND GEOGRAPHICAL CONDITIONE
KOVALEVSKIT A.L.

More than 50 years of the biogeochemical exploration and
prospecting elaboration end application show that they may be
used in various geclogicel and geogrsphicasl conditions with
vegetation covers. -

In the last years three maln models of the blogeochemical
exploration were eatablished. They are lithobiogeochemical,
hydrobiogeochemical and atmobiogeochemical. In the practice
the lithobiogeochemical and the complex lithohydrobiogeoche-
mical models are predominant. Other combinations of the three
main models are possible (Kovalewskii, I99I in Russian; Kova-
levskii, I99I in English).

The lithobiogeochemical model take place when plant roots
reach ore bodies or thelr eluvium and the water-tight horizo-
ng in the rootinhabited zone are sbsent. In these conditions
the accumlation of ore elements and their companions take
place by contact absorbing with the help of the acid root se-
cretions. In our 35 year experimental works in the south of
Eiberlias lithobliogeochemical model was observed in more than
90% of the investigated localities. When using the nonbarrier
biological objects of plants in the lithoblogeochemical model
the gquantitative interpretation of the used analyticael data
is poasible. This posaibility was established for beryllium,
molybdenum, lesd, gold and silver (Kovalevskii, 1978, I984,
1988, I99I in Russian; Kovalevskii, I987, I99I in English).It
is undoubted that by further investigatione it woold be esta=-
blished for other ore elements.

The hydrobiogeochemical model take place when plants sccu-
milate indicator elements from ore hydrogeochemical halages
eontacting with the lowest perts of root systems. By the fac-
tual data in the Canada and the China the depth of the hydro-
biogeochemical exploration reach 200 m. By theoreticsl dsata
it may reach I000 m (Kovalevskil, I975, I99I in Bussian).

Atmobiogeochemical model take place when plante accumulate
indicator elements from their gaseous forms which are dispo-
ged in the rootinhabited zone. For the present time this mo-
del is most investizated for merecury (Kovalewskii, I983 I0g84,

1986, 1989, I99I in Russian; Kovalevskii, Iog4, 1986, I987 in
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English) and spprobated for hydrocarbon gases (Stadnik, I984
in Russian) and helium {Yurin, Stadnik, I985 in Russian).

The experimental works with mercurybiogeochemietry in 28
various ore deposite of Eiberlias show that more then a half of
mercuryblogeochemical haloes and anomselies are not aceompanied
by soll-geochemical ones, 1.e. they have atmobiogeochemical
origin. Meny mercurybiogeochemical heloes are accompanied hy
¢4, Zn, Cu, Aig, Au, Tl, Bn, Pb, A8, Bb, Bi. This may suppose
thelr joint with mercury upward migration in the earth'r crust
and in loose covers in the form of their amalgames. Beécause of
this atmoblogeochemlcal medel may be possible for this complex
and other chemical elements. Very important are our data that
the contrast and the informativity of gasmerecury anomalies in
the underground scil air usnselly are much lesser than meroury
biogeochenical ones {(Kovelevekii, I989, I90I in hussisn; Ka=
velevskii, I986 in English), i.e. mercurybiogeochemical explo-
ration have many predominances compared with seoil gasmercury.
By the theoretical data maximal depth of atmobiogeochemical
exploration mey resch 2-4 km. In the present time in SZiberia
its eztablished depth 1= I00-200 m.

As it is seen from the discription of the main models the
rost importance have geologlesl conditions, geochemicel and
mineralogical peculiarities of ores which are objects of exp-
loration works; upward migration of indicator elements in wa-
ter and gaseous phases; the depth and composition of logse co-
vers; the hydrogeclogy of underground waters. They determine
the effectivenes, the relisbility and the depth of the biogeo-
chemical explorstion snd prospecting - their maln technieal
indices. Geographical and paleogeographicel conditions which
determine the climate, the conditions of native rocke snd ores
weathering and the character of the vegetatlon covers have si-
gnificance in the cheice of the lndicator elements and in the
cholee of biogeochemical sampling objects. They have an influ-
ence alea on the depth of biogeochemical exploration connected
with the lesching of ore elementa from soils and upper layers
of 1o0Ee CcOVErs.

The geochemical peculiarities of ores determine the choice
af malin indicator elements. By they may be not basic componen—
ts of ores which have contents to tens of percentages, bat
their expeneive components which determine the ore cost. The

characteristic examples of this are precious metals of polyme-
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tallic, copper and sulphide ores. This is concerned also to
some expensive rare elements.

Mineralogical pecnliarities of ores alsoc determine the cho-
ice of the main indicator elements as the chemical elements
aveilability to plants depends from their mineral forms in the
rootinhabited zone (Kovalewskii, I974, I984, IS9I in Buasian;
Kovalevskii, I974, I979, I987 in Epglish). In connection with
this by the main biogeochemical indicators may be not mein co-
mponents of ores but their companions more easily evailable to
plants. Examples of this may be using of molybdenum and fluor-
ine in biogeochemical exploration for tungsten ores because of
the unavailability of tungsten to plants when weathering ecra-
sts are absent (Kovalevskii, I978 in Fussian) and using of ca-
dmium, silver, lead and mercury in explorstion for lead-zinc
ores in presence of the deep crusts weathering in Ozernce py-
rite-polymetallic deposit (Kovalewskii, IS74, I984, I99I in
Ruseian; Kovalevskii, I979, I987 in English). This important
question need specisl mineralogicesl investigstions of the roo-
tinhabited zone of soils, loose covers and oxidation gzones of
native rockse, ores and their primary haloes.

The depth snd composition of loose covers determine in meny
cases the biogeochemical exploration conducting expediency.
When loose covers absent or have little depth and eluvial type
which not prevent the opened secondary lithogeochemical haloes
forming more effective and expedient are exploration by soil-
geochemicel, eluvial or primsry lithogeochemical haloea., Con-
tact of plants with ores and thelr deeply buried lithogeoche-
mical haloes is absent when depth of loose covers is signifi-
cantly more than maximal depth of sampled plants root systems
and when water-bearing horizons are abszent. Because of this
biogeochemical exploration in such conditionz is uneffective
and unexpedient.

The upward migration of indicetor elements in water and ga-
seous phases is s factor which encresse significantly the dep-
th of biogeochemical exploration. In this cases the forming of
the ore biogeochemical haloes take place by the models of the
hydrobiogeochemical and the atmobiogeochemieal root's nutriti-
on. The guestion about the role of chemieal elements upward
migration in their accummlation by plants from deep situated
sources was discussed detaily in the last author’s monograph
(Kovalewskii, I99I in Bussian).



Biogeochemical exploration and prospecting are expedient
only when using high informative, nonberrier and practicallwy
nonbarrier bloobjects of plants. They are revealed on the ba-
se of the systematic determinationsof the guantitative barri-
er characteristics (QBCh) of plant species bioaobjects sultab-
le for sampling in exploration. These determinations were con=-
ducted in the present time for 24 indicator elements and &0=-
500 plant bioobjects of Biberia (Kovelevskii, I99I in Bussian)
Determinations of the QBCh are started in Chins end must be
organized in gll countries where deep blogeochemlcal explora-
tion and prospecting sre possible and expedient. The practice
show thaet nonbarrier biocobjects may be revesled in any geogra-
phical conditions with vegetation covers.

Geographical and paleogeographical conditionsz have the mo-
gt influence on the bicgeochemical exploratiom and vrospecting
effectivity connected with the peculliarities of the geoche-
miegl landscapes rs they determine the peculiarities of soil-
forming and also geochemical end minerglogical characteristics
of the upper rootinhabited horizons of the weathering crusts
and oxidation zones of rocks and ores. Because 2f this the in-
vestigations of geochemical landscapes mist be the constituti-
ve part of the bliogeochemical exploration and prospecting. In
the stage of planning these landscapes are used for the cholce
of the territories where biogeochemical explorstion are expe-
dient and during their comducting - for the interpretetion of
the revealed biogeochemical anomalies. The main eid of this
interpretation is dividing the supposed ore bilogeochemical
grnomalies from nonore landscape omes in geochemical barriere
and determination of blogeochemical anomalies displacing beca~
use of their migration down slopes. This is concerning expeci-
ally to hydrobiogeochemical anomalles on the eslopes and to hy-
drobiogeochemical streams of digpersion in wvallies.

Thus the effectivity of the biogeochemical exploration and
prospecting are depended mostly from geological and partly
from geographical including paleogeographical conditions. The
knowledge and the accounting of these condition=z are the ne-
cessary factoer of the effectivity in exploration and prospec-
ting for wvarious minerals. The studilng of the conerete geslo-
glcal and geographicel conditions must be conducted simaltai-
neously with any biogeochemicel works and their results must
be used in sll stages of these works.
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NONBARRIER BIOGEOCHEMICAL PROSPECTING FOR SILVER IN THE
LANDSCAPES OF THE TRANSBAIKAL SOUTH TAIGA

KOVALEVSKI A.L., KOVALEVSKAYA O.M.

The general scientific foundations of the detailed biogeochemical exploration with
the geologic prognostic resources evaluation by the nonbarner bioobjects of plants (the
nonbarrier biogeochemical prospecting - NBP) for ore deposits as a new direction in
the geochemical investigations on the day's surface are discussed in the special report
of this symposium, The method of NBP is elaborated best for silverore bodies and
deposits in the landscapes of the Transbaikal south taiga where our investigations were
starter in 1984,

The investigated silverbearing zone 20 km in the length is situated in the very
favorable econmoic conditions. The distance from the railway station and the ennching
factory is 20-40 km and 4-10 km from the asphalt rode. In the south parl of this zone
the significant volumes of detailed investigations were conducted. They include
biogeochemical, soil-geochemical, lithogeochemical, hydrogeochemical, briogeochem:-
cal, geophysical, biogeophysical (biolocation or dowsing), gechotanic, phytopatogenic,
geoarchaeological, geoethnic and other. Notwithstanding that here in 1970-1985 years
by the Industrial Geological Organization were conducted 4 times detailed soil
geochemical and geophysical explorations for silver in the scale 1:10000 we have
received principally new scientific data conceming  geology, geochemastry,
biogeochemistry, geobotany and other scientrific problems of silver and also
concerning methods of the nonbarrier biogeochemical exploration (NBE) and the NBP
for silver ore bodies and deposits. Because of this we recommend to organize here the
International investigating, testing and training polygone (IITTP).

In the elaboration of the NBP for silver in the investigating zone it was sampled and
analysed for 47-70 chemical elements close to 20000 biogeochemical and more 3000
lithogeochemical and other samples, it was revealed 160 supposed ore biogeochemical
angmalies (SOBA) of silver, 23 ditches are finished and new ones are conducted for
the verification of silver SDBA. The dnlling and exploration works are planning in
which may take place foreign companies and firms.

In the process of NBP elaboration it was resolved here in consecutive order the
range of problems. 1) It were revealed the quantitatively informative, nonbarner
bioobjects of dominant plants species. They are the subenzed cones of Pinus silvestns
and the wood of the Pinus silvestns and Larix dahurica old including rotten stumps. 2)
By these bicobjects were reveales 160 local SOBA of silver to 8 m width and 20-200
m length with contents of silver in the wood of stumps ash from 70 to 3000 ppm. its
increase the local background 0.5 ppm of silver are unigue. Such concentrations of
silver in plants were not known on the earth globe early. 3) In the arcshaped geological
structure with area close to 2 km2 it were revealed and contured & zones of
thickenings areas 150-300 x 200-400 m with 51, 35, 19, 16, 9 and 6 SOBA of silver.
4) The rational nets system and intervals between lithobiogeochemical samples were
established. Tt is recommended the crossed system of profiles with interval 40-60 m for
the simulaineously revezling of the various directions probable ore bearing zones, the
sampling of plants in the stripes to 40-60 m width along the profiles fastened on the
investigated localities by pegs with 30-100 samples on 100 linear meters of the profile,
i.e. with middle interval along profile 1-3 m. 5) Three approximations of the main
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interpretation  parameter - plant-ore coefficient (POC) were determined. This
coefficient is calculated as the relation of the silver content in the plant ash and in the
prospecting channal samples from the boitom of ditches 2-4 m depth, It is established
that POC 15 depended from contents of silver in channal samples, It have maximal
value (2.0} for poor ore with 20 ppm of silver ; it have value 1.0 for the limit content
of rich ores with 200 ppm and decreased approximately to 0.5 for the most rich
investigated ores with 6000 ppm. 6) It is established that the investigated silverbearing
zone is situated in the limits of regional Vitim-Dzhida deep breaking more 1000 km of
length. 7) By the verification of silver SOBA in ditches were opened 18 silverore
bodies with contents of silver from 200 te 1700 ppm and more 40 silverbearing zones

The established reliability of the silverbearing zones revealing under SOBA of silver is
equal 100% and of the rich ore bodies revealing under the SOBA with contents of
sibver 200-3000 ppm - 60%.
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FECULIARITIEE OF THE SCINTILLATION EMTSSTON SFECTRAL
ANALYSTIS (SESA) OF GEOCHEMICAL SAMFLES ON FLATINOIDS

KOVALEVEKTII A.L., PROKOPCHUK S.1.

Analyeses of ores, rocks, scils and plants for platincids
are the most complicated problem comparing with othear ore
elements. The especisl complication have determinations of
platinoids in bilogeochemical semples as they hawve amall
weights =I-3 g.

Beginning in I98GC wear scintillation emission spectral ana-
lyses (SESA) of various geochemical samples show that very
characteristic for them is the presence of mineral forme =
particles with sizes order 3-30 mkm which may be easily regis-
tered by the standard EESA. Snch particlez of platinoids =
thelr microbioliths were revesled slso in some  bloobjects of
plants (Kowalevskii et al., I992 in Rassian,; Kovalevskii, Fro-
kopchuk, I992 in English).

The revealing of microbioliths of pletinoids in plants open
the poesibility fo use the automatized BEBA in the very pers-
pective bicgeochemical exploration and prospecting for plati-
noids ore bodies end deposits. Mierobieliths of pletinoids are
egtablished mainly in the o0ld deod plant parts = outer layers
of trunk tree cork, in suberized cones of conliferous and in
the wood of old including rotten stumps of conlferous. They
are revealed also in branches of some tTree specles but are
absent in young green parts of plants. Similar peculiarities
of the microbieliths distribution were established -for gold
(Kovalevskii, Prokopchuk, I973, IS990 in Russian; Kovalevskii,
Frokopchuk, I98I, I992 in English).

Dats received for the prezent time show thet microbioliths
of pletinoids in plants have smaller sizes comparing with ro-
cke and ores. Becguse of this the sensitivity of thelr deter-
minations mawy be increased and the detection limit decreased
by registration microbioliths of lesser sizes than it 1z Jdo-
ne in the standard BEEA which registers platinoids with cal-
culated diameters 2-4 mikm. This possibility was established
for platinum and iridium.

The contemporary SESA (Prokopchuk, I992, I993) have nekt
peculisrities when analysing geochemical samples on platinoids.

I. Detection linmits of various platinoids are not equal.
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The least detection limit was established for palladium (or-
der 2-5 ppb) and maximal - for platinum, ruthenium and rhodi-
um (I0=30 ppb). The idential quantity of registered platinoi-
ds particles correspond to their wvarious contents. Beceuse of
this it is necessary cereful standertizing SESA for wvarious
types and series of investigated samples.

2. The right correlation between contents and gquantities
of warious platincids particles in enttings of rocks and in
biogeochemical profiles usually is absent. Because of this it
is necessary to determine in the investigated samples 2ll 6
platinecids.

%. The analyses of interplatinoids minerﬁls by registering
in BESA the prirs of coinsided platinolds particles are comp-
licated but solved problem. In the experiences of osmium=-iri-
dium particles registering in lithogeochemical samples have
been received very reassuring resulta. SESA in combination
with mineralogicsl investipgations 1la very perspective dealing.

4, The real way for increasing the sensibility of BEESA is
the registretion of smeller mineral particles. This is possi-
ble in the present time only for biogeochemical samples &s
they have homogenousz composition comparing with lithogeoche-
mical ones. The first experience of platinum and iridium mic-
robioliths of 0,5-1 mkm size registering was very reassuring.
In these investigeations it was established however the high-
tened unstability in time of the apparatus and the hightened
influence of interfering chemical elements, for example lead
on determinations of iridium.

5. In connection with the fact that the SESA give very va-
luable information about the sizea of platinoide and inter-
platinoids particles in various geochemical samples BESA sho-
uld be used in mineralogiecsl investigations. The main ald of
this must be the cholce of samples wlith the biggest slzes of
platinoids suitable for labour-consuming and high expensgive
mineralogical investigations.

The sutomatized SESA open the possibility of the mass
determinations of platinoids as one analytist may analyse
I0=200 samples during & hours. By the present time after the
main investigation works we have done close to 50000 BESA on.

platinoids.
o1



SCINTILLATION EMISSEION DFECTRAL ANALYSIS (SEOA) - [HE
PROBABLE DECISION OF THE MAGS AMALYSES OF GEOCHEMICAL
SAMPLES ON GOLD AND PLATINOIDS

KOVALEVEKII A.L., PHOKOFCHUK 8.1,

Seintillation emission spectral analysis (SESA) reglsters
the analytical lines of studied chemical elements flashes of
lights from their separsted pariicles. Beceuae of this SEEA
give information about contents of the anslysed elements mi-
neral forms. It is snitahle for anelyses of every mamples
which contein particles of studling elements sizes of which

ineresse the detection 1limit of the apparatua. These gizeg
for the standard BESA is eqoal P-4 mkm. By aspecisl methods
they may be decreased to U.3-I mkm. SESA without chemi cal

preparing of poudered samples was approbeted for determinati-
ons of Au, As, Ag, P4, Ir, O3, P4, Eh, Bu, Nb, Ta, Z%r, Fb
{Prukﬂpchuk, 1990, I993). In the lest time onr SESA apparatus
was automatized. This increase the objectivity and productivi-
ty of the received dats. By BESA arne determined simmltalneour
gly three selected elements with determining for every of
them 2-%5 sized of particles. After gquantity and sizes of par-
ticles the contemporary SBESA registerea the coinasided impul-
sas of two-three varions elements which may be used for the
determinations of guantities and sizes of mineral  particles
conteining the analy&ed chemicul clements. This roasibility
may be used in geochemloeal and minersloglcal investigations.
By the present time we have much experience of the reglsteri-
ng of eolnsided impulses of gold and arsenicum (goldcontaini-
ng arsenopyrite), of gold snd s1llver {electrnm, kustelit and
goldbearing ailver) with determinstions of gold standard, and
alsa preliminary experience of the interpletinoids particles
reglatration.

Aur I6 years inveatigatious of wariouns geochemical samples
— rocks,ores,s0lls, they various fractions and alsa plant?s
ash and their unashed phytoshlichs show that gold is presens
ted in them fully or partly in seperated particles which are
registered by BESA {Kovelewskii, FProkopchuk, I978, I99%0 in
Bussisn; Prokopchuk, I990, I932 in Bussien; Kowvalevakii, Pro-
kopchuk, I98I, I992 in English). In the last time it was es-
tablished for the most hardly-determined platinolde.Very imp
portant are determinetion in plant ash of camium which for a
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long time could not e delmmined by obther methods. In connee-
tion with this it was supposed that camium volatiles signifi-
cantly during the ashing of biogeochemical sSamples. UOepium
determinations make it possible to [lolsh the BESA elsboration
for all & platinoide and to begin studiing the peculiarities
of 28E8A on platincide and interplatinoids compounds in plants,
goile, rocks, and ores. The results of these investigations
would be discussed in the specipl report of this symposium.

Becanse of the high sensitivity (order 3-30 ppb) and produ-
ctivity (order I0U-POD during a day for one mnalytiet) the de-
terminatione of preclous metale by SESA may be recommended for
mass anslyses on gold and platinoids which need highexpensiwve
chemical preparing for ofher analytical methods. As [or The
present time BEBA is aepproximetely-quantitative methad 4k
should be used for the guick and economicel reveallng of samp-
les with hightened and high contents ol analysed elements.For
aome homagenous serlums ol =amples S8ESA have Indices approach-
ing guantitative methods. Hecanse of this the nearest ald of
EESA must be ites standertizing [or homogenous samples and gra-
dual mamufscturing of stendaerds wlith determlined slzes of the
gnalysed elements mineral particles.

Im our investigations SESA is mass anslytical method on pre-
clons metels. Daring I6 yesrs after selientific works we have
analysed on gold more 1OCUID waricus samples A1ncluding appro-
¥imately IS000 samples of plant ash. Beginning in I98% year to
the present time were analyeed close to S0000 samples on pla-
tinelds. The numLFr of SESA on platinoids only in I992 year
Waz cloge to ISOOD of varions geoschemical samples including
mare 5000 ssmples of plani ash with weight 0.2 g.

In the present time antomatized BEBA on precious metals is
conducted by =some chosen progrommes. They include the determi=-
nations of the guantity and the 2-5 siges of three cholced che=
mical elements for example Au+hg+ds, FPt+Os+lr, Pt4le+Hh,
Pt+Pd+kh and so on and at the same time the guantity of +ths
andlysed elements colnsidsd partivles.

ur axperlence make it pogsible fo recomend BES3A for wlde
uzing in gecchiemical and mineralogical investigatione on pré-
cious metales tens of thousands various samples for one Aanaly-
tical .apparatus. They promise to reveal and contour thelr geo-—
chemical encmalies quickly and with the nminimal expenditures
gnd to choose the most interesting ssmples with high contents

af analysed elements for much more expensive quantltative and
mineralogical anslyees. o3



Application of limited Fuzzy-Clusters for anomaly
recognition in complex geological environments

U.Kramar

In geochemical mapping and exploration projects material from different
geological environments is taken in most cases. Changmg geological units,
weathering- and climatologic conditions are modifying the geochemical
background. Basic problems of data processing in geochemical exploration
and mapping are to determine the different levels of background and to dis-
criminate between background and anomalies. Non-hierarchical cluster ana-
lysis 1s often used to classify geochemical data by their taxonomic distance.
The data set is divided into different clusters (groups). Each sample 15 then
assigned to the nearest of these clusters (groups). In geological sense each
cluster will represent a geological unit or a group of anomalous samples.
One sample can be assigned to one cluster only.

In stream-sediment and soil surveys a part of the samples will be a mixture
of components from different geological environments. Such mixed samples
will be misclassified usmg convential hard cluster methods.  Fuzzy-
clusterimg (BEZDEK et al., 1984) avoids these problems of misclassifica-
tion. In Fuzzy-Clustering each sample is allowed to belong to several clu-
sters. Starting from convential hard clusters the contnbution of each cluster
to each sample is calculated. Cluster-centers and contributions are iterative-
lv recalculated, until the system remains stable. Using this procedure for
each cluster a contribution value between 0 and 1 15 assigned to a sample.
Simlar 1o element concentrations, these cluster contributions can be dis-
played in contour maps (e.g. Kngng- maps). The amount of an element
that 1s explained by the cluster contribution and element residuals can be
calculated. The modified Fuzzy- clustenng algonthm called "limited Fuzizy-
Clusters" used in this paper avoids negative residuals.

Stream-sediment data of Sierra de San Carlos’ Tamaulipas/Mexico are used
to demonstrate the possibilities of limited Fuzzy-clustening in geochemical
exploration and mapping. The Sierra de San Carlos is located 150 km south-
cast of Monterrey and covers an area of ca. 300 km?® The Sierra consists of
dioritic to gabbroitic rocks. Skamn deposits in the northern part of the Sierra
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have been exploited extensively at the beginning of this century. From the
different drainage systems 681 stream sediment samples were taken and
analysed for 24 element.

A nineteen- element data set was used to divide the samples into 10 hard
clusters. Starting from the centres of these clusters, limited Fuzzy clusters
and element residuals were calculated.  The contribution values for the clu-
sters and element residuals are displayed in contour- maps. All geological
units were outhined by the cluster- contributions. Extended anomalies are
characterised by an own cluster. Small anomalies are clearly identified from
the element residuals.

BEZDEK.C.J.. EHRLICH.R. & FULL.W._ {1984} FCM. the fuzzy c-means clu-
stering algorithm, - Comput. Geosci., 10; 191-203,
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HINERALOGICAL-GEOCHEMICAL ZONATICH IN FROSPECTING AKD
ABBEEBMENT OF GOLD-BILVER LEPOBITE (WORTH-ERBT OF RUBBIA)

ERAVISOVA R.G.

The study of geochemical fields on gold-silver deposits
within the different structural-metallogenic zones of the
Okhotsk-Chukotsk wvolcanogenic belt indicates that different
mineralization types of the considered formation are marked
by own mineralogical-geochemical zonation pattern. This
pattern differs in the composition, structure and scale of
near-ore metasomatite distribution (petrographic data, data
of silicate chemical analysis as well as those of XRF) and
anomalous concentration fields of ore elements (FAAS, AAS,
DES, semi-quantitative OES data).

Three types of zonation are distinguished: zonation
within the =2ingle ore stage (| monostage); zonation,
regulting from the multi-stage pattern of ore association
development { polystage) and the zonation, typical of the
Zones with the telescoped development of the different-
formation ores (polyformation). The monostage zonation is
observed in ‘the separate ore bodies, infrequently in the
zones. The simple component composition and local pattern of
the development 1is common to such zonation. The polystage
geochemical associations possess the more complicated field
compositions, the increased contrast coefficients and the
increased degree of the metascmatic changes. The
polyformation pattern of ore and halo distributions
influence much on the vertical zonation of the deposits. The
allogenic geochemical and metasomatic associations are
widaly distributed on the telescoping sites. They are marked
by more complicated composition and structure.

The element distributicns are expressad through
different zonation indicators, which are based on the
analysis of monocalement maps and sections. It is not always
effective, particularly, o the deposits Wwith the
complicated polycomponent compositions of ores and halcea
(pelyformation type of =zonation). The multidimensional
geochemical field analysis is particularly efficient in
these cases as 1t permits the element correlation to be
made, polyelement maps and sections to be compiled. The
geochemical element associations are used as the zonation
markers. on the considered deposits, the zonation pattern
of the haloes results from the alteration of the geochemical
aggociations along the ore zones. When the zonation is
monostage, the sub-ore intervals are Pb Ag (Zn), lower-ore -
Ag Mo Pb (As, Ru), middle-ore - Au Ag As Mo {(Sb; Hg, Pb),
upper-ore —Ag As S5b Hg (Au), super-ore — As hg{Hg) .

When the zonation is polystage the intervals are
the following :_Pb A [h.?’]{zn, Cu) - Ag Mo Pb[Ag', As’] -
Au Ag As Mo [AgY, As®, sbl] - Ag Au As Sb(Hg)-Ag As (Sb, Hg).

Under the polyformation zonation the intervals are: As
Fb Ag Zn Cu 5n Bi Mn (Cd) - Ag As Mo Mn Sn Pb (W, Cu, Bi) -
Ag Au As Mo Mn (W, Pb, Sn, Cu, Bi) - Ag Au As Hg Sb(Bi) - Ag
As Bb Hyg.

The main typomorphic element-indicators of gold-silver
mineralization are Au, Ag, As, 5b, Hg, Fb, Mo, to lesser
extent Zn.

The summarlzed zonation series for gold-silver deposits
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is : (Zn)Pb-Mo-Au-As-Sb-Hg.

The location of a number of elements in the zonation
series may significantly wvary with the depth of gold-silver
mineralization. In the deep settings Mo haloes, being very
intensive, are distributed within the whole zone (under the
low=-ore locations of maximums), while in the near-surface
ones, they are spread not higher than the middle-ore
interval. As opposed to above mentioned, Sb, Hg, As, common
to upper horizons, are more intensive 1in the near-surface
settings and observed up to the sub-ore horizons. The
observed deviation= in the location of a number of elements
probably result from difference of +the thermodynamic
conditions of the halo formation.

The zonal distribution of ore elements 1n the haloes
well correlates with the matasomatic =zonation, which
indicates their similar genetic origin. The successive

change of guartz-kaolin-hydromica, guartz-sericite-
hydromica, quartz-adular, quartz=sericite-carbonatea
and epidote-chlorite~-propilite associations are

observed along the direction of the ore-bearing zone dip.
The observed change of the metasomatic associations is
typical of not only the studied deposits of the region but
for the deposits of the considered formation of other
regions (Trans-Bajkal area, Kazakhstan). It indicates the
common origin of the ore systems of such type. As opposed to
the ore zonation, the metasomatic one 1is more stable. It
permits the petrogenic and the associated rare element
distribution patterns to be used for prospecting.

The study of the mode of element occurrences in the
ores and endogenic haloes (mineragraphic and microprobe
study, phase chemical analysis, AAS, DES) may increase the
reliability of the revealed criteria and supplement the data
on the vertical geochemical zonation, particularly, in case,
with the polyformation cres. The changes of gold, silver
and mercury mode of occurrences are evident with the depth.
The fine dispersed native gold, proustite and pyrargyrite
ara common to upper ore horizons; electrum, argenite are
typical of middle ore  horizens and stromeyerite and
tennantite - of lower ore ones. The gold, associated with
the sulfide minerals, is gignificant on the leower ore
horizons. It is considered to be the non-metallic form of
gold occurrence inte tha sulfide (primarily pyrite)
lattice. The maximum  metallie mercury concentrations
(including the isomorphous one) are cbserved in the upper
horizons. The sulfide mercury occurs mainly in the
regions of halo pinching out i.e. in the lower horizons. The
zonal distribution of mineral forms (chemical compound
groupsa) well correlates with the geochemical zonation.
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ENDOGENIC HALOES OF ALEKALINE ELEMENTE IN PROSPECTING AND
ABBEBSMENT OF SILVER MINERRLIZATION IN THE NORTH-EABT OF

RUBBIA
KRAVTSOVA R.G., SHANGINA N.N., SHATKOV N.G.

Study of geochemical fields on the veined gold-silver
and silver-polymetallic deposits, occcurring in the Cretaceous
volcanogenic formations of acid and intermediate composition
indicate that the majority of the deposits possess the
complicated polychrone pattern of mineralization and halo
development. It hinders the study of composition and
endogenic geochemical field structures, complicates anomaly
type interpretations and the revealing of zonation, based on
traditional ore-forming and  halo-forming elements. The
investigation of the haloes of such alkaline elements as K,
Na, Rb, Li, Cs is significant. Distribution and concentration
of these elements strictly correlate with the compositions of
the metasomatic paregeneses.

Under the processes of hydrothermal rock alteration K
(4-10%) supply and Na (0.01-2.5%) removal are observed in the
zone of gold-silver mineralization. In addition to potassium,
the metasomatites are enriched with Rb { 52=-50 ppm), Cs
(2-25 ppm) and Li(25-60 ppm). Potassium concentration changes
along the ore zones correspond to alteration of the prevalent
low-temperature carbonate-sericite (propylite) complex in the
lower parts of the section to guartz-sericite-adular in the
middle parts and guartz-sericite-hydromica (illite) im the
upper ones. Metasomatic process was developed under different
K activity with maximum in the middle adultery part. K, Au
and Ag concentrations increase from the lower parts of the
section to the upper ones. The zones of maximum Au and Ag
concentrations are displaced to the upper parts relative to
the maximum K contents. Na distribution in the near-ore zone
area results from the primary plagioclase stability. The
complete plagioclase destruction and Na removal from the
lower parts to upper ones are cbserved in the mineralization
zones. Rb distribution fully correlates with the specific
features of potassium behavior. The moderate supply to all
zones of syn-ore metasomatites typical of Cs. Maximum
contents are observed in the quartz-sericite-hydromica zones
while the minimum ones are typical of sub-ore propylite
zones. The increased Li concentrations are cbserved in the
supra-ore guartz-hydromica zones. Thus, the distribution of
alkaline elements in the near ore area possesses the
vertical zonation pattern: K, Rb=Cs=(Li). The values of K/Rb
and K/Li + Cs8 ratios are steady, increasing with the depth
(230=-380 amd 350=-1500, correspondingly). They are the
representative of sub-ore, supra-ore pattern of gold=-silver
mineralization development.

The near-ore mnetasomatites and ores of silver-
polymetallic deposits as opposed to gold-silver ones are
marked by insignificant K supply (2.7-4.2%), the increased
Eb [(120=-400 ppm),; Cs (4=-40 ppm), Li (25=200 ppm) and lesser
increased Na (0.12-2.5 %) removal. The dynamics behavior of
Ma and Rb significantly changes. In the zones of silver-
polymatallic mineralization the heterodromous pattern 1in K
and MNa behavior is insignificant and Rb distribution
correlation with the E distribution is not distinctive.
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The zones of maximum Rb concentrations are significantly
displaced to the upper parts relative to potassium. Markedly
high Rb precipitation from the scluticons is associated with
the decreased K contents. The maximum Cs and Li contents are
removed to the uppermost horizons. Alkaline alement
distributions along the silver-polymetallic mineralization
Zones possess the zonation pattern ( K-Rb-Cs-Li) and well
correlate with the composition and zonation structure of the
near—-ore metasomatites. Maximum K concentrations are confined
to the carbonate-gquartz-chlorite(lower middle-ore intervals),
Bb contents - to the quartz-chlorite-sericite (middle-ore)},
Cs - to the guartz-hydromica-sericite (average upper-ore),
Li- to quartz (montmorillonite) hydromica { upper ore)
argillizites.

The K/Rb and K/Li + Cs values on the silver-polymetallic
deposits are markedly lower as compared to gold-silver ones.
It permits their using under the revealing of the anomaly
type interpretation. They increase correspondingly with the
depth: super- ore intervals - 75 and 125, upper-middle-ore -
160 =330, lower-sub-ore -230 and 870. Thus, E/Rb and K/Li +Cs
values are the markers of the zonation, which indicate the
level of mineralization zone shear.

The alkaline elements, primarily K and Na indicate the
genetic nature of the cbserved features and like ore elements
are associated with the physical-chemical conditions of ore
formation. It may be presumed, that the features of alkaline
element distributions such as stablility, which is closely
connected with the composition and structure of near-ore
metasomatites and zonation are common to the majority of
endogenic { hydrothermal) ore systems. In this sense, the
developed methodological approach to anomaly type
interpretation and zonation revealing is of common character
and may be applied for prospecting and assessment in any ore
region.
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FURMS OF OUCULENCE CF TECHROGENIC HADIONUCLIDES
AND THETR THANSFORMATIONS IN LANDSCLTES
V.ABuzgnetsov, V.a,Generalova, V.FP.Roln nkov
Tnetitute of Geology, Geochewlstry and Geophyslcs.
Acadeny of golences of Belarus. Linsk,kepublic of Belarus.

Various classificetions of forms of chemical eleusnt occu-
rence, methods of their detectlon snd apalysis are presently
used including these based gn chewlcal extractions. Belarus
sclentlste have developed a methed of mmccessive extroctions,
which makes 4t possible to distinguish seven forms of the ele-
ment pccurence: water solubls, resdily exchsngeable, carbons—
ceous, bonded to the organic matter snd some sulphides, sorbead
by iron hydroxides, hardly soluble, snd reslstent silicate con-
pounds,

Differences in the forme of ocourence of radionucllides
related to global {(observations of 1984) and accidental (Cher-
nobyl, 1986) fallout have been revealed. The uwain form of glo-
val Psr 12 exchangeable - 46,1-71,0% of the total content,
carbonacecus form - no greater than 38,1, organic and spor-
phous - inconsiderable - 7,6-16,%, resistant forms range within
not detected - 23,76, For Jl5?135 the ratioc of forme is snalo-
gous: exchangesble form dominates - 37,5-87,.5%, carbonaceous -
less than 28,5, snd resistant form varies wlthin not decected -
Dy 1R

Radiomuclide forms during the Chernobyl sccldent were
subject to primery differentiation , which was due to the
raactor state, chemism of substunces used for the ewlssion
inhibition, conditions and distance of wind transportation
of radiolsotopes, For accidental gﬂsr, the awount of exchan-
geable form censtituted 0,7-57,2%, corbonacecus - “1,B-40,7,
and reslstant - 9,6-50,0%, i.e. in nost cases the content
of the later incressed, the first - decreased, interusdlate
forms show high variations.

Fallen radicactive isctopes essentially transforwed the
radieogeochenicul envircnment of the region and formed a techo-
genie province of a complex structure with highly snomalous
concentrations of radicmuclides,. dccldentsl radiomuclides,
involved in the modern geological and landscape - geochemical
processes, were subject to- the secondary migration, disper-
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sion end accuumlation accowpanied by the transformation of
their formns.

It was shown that if during the seccident concentrations
of the carbonaceocus form of “Upr 4in vailey scils were ss high
&3 16,4=40,7% and were due Lo the dolowite application for the
reactor euwission inhibition, then by 1988 their content became
1;5=2 timeas lower because of a non-stubility of carbonscecus
coupounds with this isctiope in zcid unedivw of lsndscapes. The
Chernobyl range of radionuclide forws will approasch with time
to the present range of their forws from global fallout,

¥We dlstinguish the following aspects of the radlonuclide
forms tranaforwation depending on the geochendcal environment
behaviours: faclea, soll, bilogeoceonologic ones and that of
geochenical barrilers,

In silts within the 30 Lm zone, Psr shows siniler con-
tents of the woter soluble form in sediments of the channel
and oxbow facies averaging o-4%, but sherply different from
that in flood plain sediments - sbout O,7%. Concentrations of
the exchangesble and seid goluble forus occupy the interaed]-
ate position between the wabter soluble and resistant forms,
ut differ by incresased Llwiting wnd wwerazs values in a facies
seriesy “chamiel - ficed ploii — pxbow™, The latter is there-
with higher than lhe flrut one, sspeclially in silts pf the
first two environuents; it doninuates over the other forms
and averages 37,7-73,8%, bul its content - decreasesin the
above fecies series, Thiz is due %o the "hot" purticle weat-
bering, whlch is veryv uactive under geochewlcal conditions of
oxbow lakes and leads te the increase of exchangeable foro,
15708 shows the doidnation of the resistunt form exceeding
90%, 1ts concentratlions tending to the decrease in a facies
series however repaining ut similear levels. This 1s explained
by caesium involving in “hot" purticles and fixation in the
exchangeseble and acid coluble forms in the crystal lattice
of clay minerals. The behaviour of madignuclide forus range
within the north-eastern trall shows sinilar regulsr trends.
The dlfference in the content of sowe formsthere is due to
a pecullar pattern of the priwvery fealleout in the remote zone
(rcadily exchengesble forms average 20-35% in the chamnel and
13=-37% in the flood plaln facles sediments, stc.).
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The transforuetion of radaiopuclide forms in the soil cover
shows the decrease of the sxchangeable and increase of acid
soluble. foru of qj?ﬁa, and increase of the sxchangeable 9?5r,
growth of a proportion of wobile forms of Eﬁ9igqﬂiu, 1ﬂﬁku,
144Ee. These form translticns depend on pedogeochemical condl-
tions connected with soil types, depth of radionuclide penet-
ration to humus snd other horizons, fuel particles leaching,
pedogeochenical barrier,

Trangfornutions of redionuclide foraes due to the proces-
ség occuring at geocheuicel burriers conform to the above pat—
tern, however show some pecullar features, The experiments
perforned for revesling the relation between radiocmiclides
with the organic matter, carbonate end iron compounds made it
possible to explain the dynauics of their forms in landscape.

Results of studying the radionuclide ulgration in land-
scapes of Belarus based on frurus of their occcurence contribune-
ted to the splution of sowe applled problems of radiogeocheml-
cal survey, water supply, efficient nature management, medicine
end sgriculture in contaminated territories,
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* LANDSCAFE = GEOCHELIICAL STUDIES OF SYNERGY OF
FITROGEN COMPOUNDE ARD RADICHUCLIDES

VehRKuznetaov,; H.P.Onoghko
Instituie of Geology, Geochemlstry and Geophysics
of the Academy of Sciences of Belaruas. kiinsk,
Republic of Belarus

glmiltanecus actlon of the radistiom and chemical factors
on the humen orgauism can essentislly change the reaponae, which
is particularly shown by the synergy effects The deta availnble
indicate thpt a combined scticn of nitrogem compounds oad ioni-
zing radistion is resulted in the formation of highly active
carcinogenic gsubstances with a zimultanesus inecrepge of meta-=
heemoglobin concentrations in the organism. We atudy the prob-
lem of synergy of redionuclides and nitrates from in the con-
text of landscape geochemiatry using the data obtained before
and after the Chernobyl accident.

Nitrates and nitrites are of particular interest amoug
chenical compounds continuounsly affecting lumen orgeniam. In
gome Teglong of Belarus before 1986 reliable links were eg=-
tablighed between maligant tumours cases and contents of nit-
rates in lendscepes (z20ils and wators), ss well ag in foods
(milk, potatoes). ATeas with an Increaszed, nunber of oncelopic
cages chow the higher concentrations of nitrete :itrogen. Hizh
nitrate contenta of drinking water of 3elatus can reoault in
metahaenoilobinemia.

Under the effect of econonisc scilvites, nitrogen concooor =
tiong eharply ineregse In all the landscape constituent, copooi-
ally within populated areas, which resul®t in the pollution of
drinking water and foods by nitrates, and somebtimes - by nite-
rites. About BO% of drinking water samples show nitrate con-
tents which sre 2-3 times the standsrd value (45 az/l). Fitrate
coencentrations of Zrouad erinliing wacers sbhow a SYcadeoncy oo
2 deereage from the Southern to Rorthern peochemical province.

¥etural radisactiviiy of cover sediments and soil merked
by & low background value and subeclark concentrations of radie-
nuclidea, as dlstinet from nitrates, was somewhate higher “or
the Horthern province. Its minimal valuea were vypical for gedi-
ments of the Southern provinee. In all sites where natursl radio-
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activity was relatively high, cover gediments are represented
by morginie loamg and sandy loams, and where it was lowby gla-
elofluvial and alluvisl sande. Average =activity wvalues of
80il sagmples from allotment gardens were lower and, =-activity
values = higher than those of rocks of the appropriate province
in general,

It is suggested to ectimate the geochemical field of the
above indices by the coefficient K gt which show the relation-
ship between radiosctivity (n.10" 9 Qifkg) and nitrate nitrogen
(mg/kg) .

Celoulationa mede from the date of pre-seccident observation
ghow that average value of EE for loams within studied aresas
of the Horthern geochemical provinoce is 5,5, for Centrel - 3,0
this value is conglderably lower for loessial lozms = 1,1.

Thig coefficient vplue gharply decreases in allotment
plote, where nitrate nitrogen content is 1,5-8,0 times greater
than in netural lends with an equal natural beclkground radia-
tion. For spgndy loam soils from allotment plots of the Horthernm
and Southern provinces thie coefficient is 0,4, for Jentral -
0;5.

There iz & differenice in Eﬂ values in test and carcinoge-
nous allotment plotags In all three provinces this ooefficient
ig 1,5=-3 timesa lesa in cercinogenous plots. 4 comparisom of
plots with different sickness rates aggumes that with the coel-
ficient value of 0,50 and above the gymergistic eflect mnifog-
tation 1= highly improbable, from 9,50 te 0,30 - probable, and
below 0,30 = more probablea

To check up the proposed coefficient, since 1987 observa-
tions sre carried out in & landascape-geochemical statlonary
charsoterized by & miaimal oncologie piclmess rate in “he pre-
figcident periocd and ccouring now in the region sdjazent to the
30 km zone with a high rudiocontamination level from 15 to 40
Gi,’]l:mgl

The enalyslas heg chovm that the Ea value for soils of -
allotment plots within the statiomary is 1,03 and aymergiatic
gffect is theoreticelly hizghly improbable. However, high con-
centrations of nitrates In fooda and drinking water emamined
there (nitrate load is 1,7 times grecter than the permissible
atrega value) in addition to a constantly high background radia-
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tion are themselves dangerous for human health, especimnlly for
children.

The samergy menifestations are studied in the following
waya: correlation of levels of geochemical indices of =olls,
waters and foods, on the one land, and temporsl dynamics of
the oncologic glclmess rate, on the other hand; determination
of the importance of modes of radionuclides o¢ccurence in lands-
capes and foodehmin; assesament of the influence of landsecape
concentrations of trace elements responsible for endemic pheno-
mena within the territory of Belarus, & network of lendacape-
geochemical teat grounds was crested within the north-western,
western and north-esasternn tralls of the Chernobyl radionuclide
fallout. The data of recent observations are discussed.
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GEOUHECMICAL PROCLICED IN AGROLANDSCAPES

WITH INTENSIVE LIVE-STOCK TARKING
VeidoBusnetesov, A«L.Zhukhovitskeya, V.5.Breggunov
Inatitute of Geology, Geochemistry and Geophysica
of the Academy of Sciences of Belarus. liinsk,
Eepublic of Belarus

Agrolandacapea of the northern humid zone typically are
subjected to technogenic stresses of two types due to crop
and cattle farming. Landscapes of the Belarus territory show
the prevalence of drained soila and highly developed live-
stock farming.

Ameliorated lands are ugsed under cereal and hay crops
with appropriate agricultural technology and chemicalization.
Their impact upon the environment invoelves erosional losases
{aediment runoff) and removal of untaken chemical amelicrants,
yihich include nutrients - nitirogen, phosphorus, potassium, &8s
well as admixtures - chlorides; trace elemeritz ag dissolved
and sugpended subatancca.

Digpersed zgrochemical pollutante though increase the
totel salt content of natural waters and beckground concenira-
tion, but do not exceed maximum - allowable concentrations
under existing chemicalization level.

Agricultural landscapes with developed live-stock farming
are peculiar by & local effect of farm wastes upon weters, soils
and plants. The volume of menure slurrles; which are applied
there every year are estimated at 300 m3fha. Bach cublc metre
of manure glurries from plig - breeding farma with 54 to 108
thongend piza ineludes 0,7 kp nitrogen; ;4 kg phoaphorus,

0,6 kg potassium, 5 kg sslts, and up to 3,5 kg organic mate-
rianla. Sewage waters contain as %well manganese - up to 0,4
mgfl, zine - 0,3, copper - 0,1, etc, The content of the above
elemente in wastes from cattle-—breedingiﬁrms with 10 thousand
cows 1 2=3 timea greater.

Manure alurries are utilized in agricultural irrigated
lands (AIL) using sludge sprinklers, and mobile irrigators.
Nutrients are intaken by soils and planta, so the outrition
value of sewages is utilized however not completely due fo
thelr excesaive volumes. There-fore, the agroleandscapes discug-
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types of soils and their peculiarities.
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Modes of accurence of wenganese, cobalt, chromium, vana-
diuam and other lrace elements were studied in peaty bogey and
soddy podgolile solla irrignted by wastewaters. Some differences
in the mobllity of lrace elements were delermined: partlicipation
of easy-soluble, exchangeable, and organic-bound compounds in-
ereagsesa; solls are saturated with Dbilologically useful slements;
portion of amorphous forma increases in peaty and loam sandy
soila. Utilization of mamure slurries results in the soil enri-
chment with microcorganisma, formation of new miecrocoenoses.

Detailed studies within these territory make it possible to
digtinguish them as peculiar landscapes end effleciently contri-
bute to the optimigation of their ecological situation,
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THE APPLICATION OF REGIONAL ROCK GEOCHEMICAL DATA IN
PREDICTING FAVOURABLE AREAS FOR MINERAL EXPLORATION: A CASE
STUDY FROM TAMPERE-HAMEENLINNA AREA, SOUTHERN FINLAND

LAHTINEN., R.. LESTINEN, P.

A rock geachemical pilot study was conducted in the Tampere-Himeenlinna area
during 1989 to develop sampling strategies and methods, analytical methods and
interpretation methods for the Rock Geochemistry Research Project (RGRP) begun
by the Geological Survey of Finland in 1991. There are 403 samples included in this
pilot study from an area of 9600 km®, with an average sampling density of one
sample per 24 km?. The analytical methods included XRF, ICP, GAAS and INAA.

Gold and Ni mineralizations are the most prominent metallogenic features, but
the study area is also known to have some Cu, W, Zn, Fe, Ti, Mo, U and rare-metal
{Be, Ce, Cs, Li, Nb, REE, Sn, Ta and Y) potential. Exploration activity at present is
focused on gold and many promising Au prospects have been located,

The background values of ore-related elements between different rock types vary
markedly. For example, pelitic sediments are enriched in a number of elements and
black schists in particular are rich in Mo, Te and Pd. In defining samples that may
be indicative of ore grade mineralization, the background values of different rock
tvpes have been used.

The wariation in Co, Ni and Zn data in this study 15 mainly attributed to
differences in different rock type, and there appear to be only a few anomalous
samples with mineralization effects. The Cu data show similar variation, but the
tholeiitic volcanic association in the Himeenlinna Schist Belt (HSB) contains higher
values. Gold, As and Te data have many anomalous values forming potential areas
that in part coincide with known gold occurrences. A noticeable feature is the
possible zoning of Au+Te and As, especially in the western part of Tampere Schist
Belt (T5B). Palladiom contents are normally below detection limit, but there are
some higher values associated with elevated Au concentrations in mafie rocks.
Lithium data also indicate several anomalies including two earlier unknown
potential areas, one in the HSB and one at the boundary of the HSB and the
Microcline granite Complex (MC) to the south. The S-type microcline granites are
considered to have potential for Sn mineralization and one possible target area from
MC has been identified in this study. Some anomalous U and Pb values have been
found for the microcline granites, too. Silver, Bi and Sb also show some anomalies,
bui their behaviour is rather irregular. Antimony is concentrated in calc-alkaling
volcanics whereas the highest Bi values are recorded from S-type pegmatites and
granites in the MB. Molybdenum and W contents are normally near or below the
detection limits, but some anomalous values are observed.

Mineralized samples are normally avoided during sampling in this study and thus
the anomalous samples probably represent extensive and pervasive mineralization
effects and are reliable in a regional sense. This is seen in the combination map
where anomalous trends and areas for elements such as Au, Te, As, Li and Sn are
apparent. Howewver, the low sampling density in most cases prevents the direct
application of this data in exploration. This is especially, the case with
magmatogenic Ni occurrences, where mineralization processes have not formed
extensive alteration haloes. On the other hand, the recognition of plutons of
depleted mantle nature in association with MORB-affinity volcanics could show
regional scale potential areas. These samples have been combined with modified
regional till gmchgm:ical data, which then delineates areas with a higher mafic
component in till and areas of ‘mineralized’ mafic affinity,
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ROCK GEOCHEMISTRY RESEARCH PROJECT (RGRP): A NEW REGIONAL
RESEARCH PROGRAM

LAHTINEN, R., LESTINEN, P, KORKIAKOSKI, E., SALMINEN, R,
SANDSTROM, H., SAVOLAINEN, H.,, VALLIUS, H.

The Rock Geochemistry Research Project (RGRP) iniated by the Geological
Survey of Finland (GSF) in 1991 is a seven year regional research program covering
the whole of Finland. The main ubj::c"rjvc of the RGRP is to acquire a geochemical
data base from different bedrock types in order to classify them into different
tectono-magmatic and genetic groups with interpretations of their metallogenic
significance, This data is also applied to combined till and rock geochemical data,
and in studying the geochemical features of crustal evolution and origin of rock
types.

The samples are taken from outcrops and the sampling density varies from one
sample per 30 km® to one sample per 120 km? depending on the degree of
lithological variation. Eventually total of 7000-8000 samples will be collected and
analyzed. Sampling strategy is based on the available bedrock maps and all the
major rock types are included. The sampling sites are distributed as evenly as
possible and sampling is carried out by portable mini-drill with a diamond bit. Each
sample is composed of five sub-samples all taken from the same lithological unit,
Four sub-samples are used for analysis and the fifth is for petrophysical and
petrographical studies. The sampling includes a detailed outcrop description with
sample unit classification. The samples are analyzed in the GSF chemistry
laboratory for over 50 elements including REE's, the main analytical methods being
XRF, ICP-MS, ICP-AES and GAAS. As the sampling and analytical stages are
critical an efficient quality control is used. Assessment of contamination during
sampling and sample pretreatment are controlled by quartz samples. Systematic
duplicate analysis system has been introduced including field and laboratory
duplicates and a batch of control samples from the first year samples analyzed
repeatedly every year, in order to eliminate the effect of possible annual drift and
make the results comparable for the whole duration of the project. The results will
be published as regional reports in the GSF report series. The field and analytical
data including petrophysical data, are stored in the Alkemia-data base, enabling the
simultaneous study of a large number of samples from a wide area and particularly,
access to data from specific localities,

At present, about 3700 samples have been collected covering approximately 50%
of Finland. Sampling is expected to be completed in 1995 and final results are to be
published during 1997. The first sub-regional reports will be published in 1994,
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ERYOGEOCHEMIOAL FROSFEQOTING FOR GOLD IN YAEUTIA
LAPAEV, G.F.

Bryogeochemical investigatiopns in Yakutia were initiasted
in 19€3. To the present for tha search purposss wmore than
93000 samples of mosses have bLeen collected on the aree of
26000 kn©.

Brrogeochemical prospecting for gold started irom 15954
oave bean carried out on the area af 156000 Y= and during
that more than 55000 moss samples have been callacted. Bamp-
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ing densitg varied from 71.5-4 sample per 1 km~ to 1 sample
pET 25 I~ . Weight of dry moss sample was on the average ZC-
30 g 1bs ashing was mede by 480° G. Au content was deler-
mined by GFAAS alter dcua reglia lgestion with &n oll sul=
phide esxtraction. Also, the samples were analysed for 35

1

elements by arc—-source emissicn spectrography.
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The background values of Al are Irom .52 Up o 4. Jale
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of different regions. A great mumber oI bryogecchemical
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melies ol Au snd its pethlinders such ss Az, 8b; Fb, &n, T1,
W, Cu,; Bi and others was delineated. Heximam wvaluss ol Au
conternt do not uswally exceed some ppm and sometimes They
regcil some tens 0L Dp@.

doma teng of promising targets for Au have been discoversd
in Yekutia. Uniortunately; meat of them nes oot 8 Tecomnials—
gances The report has a desceription of some areas investi-—
geted,

The most interessting pronising tarpge
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8
Irvegstipatad 1s nearly o000 km™. 43% of 1t is covered with

overturden of diverse compesition, thickness and source.
o i

Brirogeochemical amomaliess of Au, Po, 3n, 4s; Tl form Jointl]
two large—scale zones. The central pert of the first zone
ares lnvolved seveérsal gocurren-

o
covers the kiown mineralized
ces and placers of gold. The
knowm zone is discovered in the northern pert of searching
areds and iz covered fully with overburden. It 1s &bscolutely
analogous to the first one.

It is recommended to use agquatic mosses for solving proeb-
lems of prospecting and snvironmental gecchemlstry.

111




TECHNOLOGICAL-GEOCHEMICAL CYCLES AND BPECIFIC FEATURES OF
MICROELEMENT BALANCE FORMATION UNDER SULFATE-CELLULOSE
MANUFACTURE ON THE BELENGA CELLULOBE PLANT

LEONOVA G.A.

The procedures of different manufactures, studied by
gaochemical methods combined with the balance
calculations, are significant. Such approcach permits not
assessing the consegquences of manufacture influence on
the environment separately, but revealing the specific
features of their interaction.

The manufacture of sulfate cellulose is accompanied
by the great amount of liguid and solid waste. The
development of approaches, aimed at decreasing pollution,
is impossible without analyzing geochemistry of waste.
Tha folloewing quastions should be ansvered: is there
toxic effect in the procedure itself or in the used
chemicals; is it appropriate to change the procedure or
to collect toxic compounds from the sewage and smokes.

As a result of conducted investigations, the pattern
of mass transfer in the technologiec cyecle is developed.
This pattern includes the outlet and inlet zones for
chemical reagents, raw material, manufacture products
and waste. The simplified pattern enables revealing
the main sources of microelement supply into the
technological cycla, their redistribution under the
manufacture as well as substance-concentrators of the
polluting agents.

The balance calculations indicate that the main sources
of microelement supply into manufacture are raw material
{wood) and chemical substances,used under the manufacture.
The major part of IZIn, Mn, Sr, Cd are supplied into the
technologic cycle with the raw material. The major part of
Al, Cu, Pb, Li, Fe are supplied with the chemicals.

Tha technological-geochemical background, tha lower
limit of which, results from the primary raw material
composition, is revealed for sulfate-cellulose production.
The toxic metal concentrations in chemical reagents may
be decreased wvia preliminary cleaning but the microslement
concentrations, supplied with the raw material cannot be
controlled., Thus, the microelement concentrations in the
wood is responsible for technologic-gecochemical background
formation. The background cannot be decreased without
application of expensive and power-intensive procedures.

The toxic metals,when supplying inte the technological
cycle from raw material and chemicals, are redistributed
and concentrated in solid waste (slime-lignin, redundant
active mud, causticization waste) in the amount ,
significantly exceeding the technologic-gecchemical
background of the production (Table 1). The s=o0lid waste,
being the reservoir of the accumulated toxic metals,is the
main source of environment pollution. The concentrations
of the heavy metals, discovered in the so0lid waste of the
Selenga cellulese plant, should be controlled. Qur data
indicate that Pb, Cu, Zn, Cd concentrations in the plants,
growing in the vicinity of sites of waste burial , are on
the background level. As the places of so0lid waste burial
are the alkaline landscapes, devoiding vegetation, the
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above microelements are less mobile and inaccessible
for the plants.The accumulation of molybdenum and boron is
observed in some plants.

The proposed procedure on conducting investigations of
toxic metals technological cycles and the creating the
balance of chemical manufactures may be widely applied in
geoecology.

Table 1

Concentrations of heavy metals in the waste of the Selenga
callulose plant as compared to technological-geochemical
background of the mamafacture (mg/kg of dry mass)

Micro Analyzed objects
elements
wood E}img- active technolegic causticization

lignim wmud glime waste
Cu 0.66 31.0 33.0 94.0 44.0
Zn B.O 61.0 87.0 202.0 192.0
Fb 0.07 3.3 1.7 12.8 7.5
Hg n.d. 0.008 0.008 0.015 g.01
cd 0.023 0.15 0.27 1.7 1.8
8r 16.5 48.0 Gl.6 196.0 450.,0
Li g.12 2.9 4.4 34.8 2.0
Mn 48.0 259.0 445,10 1224.0 1900.0
Al 37.0 41673.0 25606.0 106493.0 9000 .0
Fe 28.0 4630.0 93B3.0 5987.0 9800.0
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THE CHEMICAL AND MINERALOGICAL BEHAVIOR OF Pb IN POLLUTED SOILS
FROM SHOOTING-RANGE AREAS IN MIDDLE SWEDEN

Zhixun Lin and Ulf gvarfort

Erviranmental Gealogy and Hydroiogy, institute of Earth Seiences, Uppeala Uniersity, 5751 22 LPPSALA, Gweden

ABSTRACT

High Lead concantrations, up to 2300g Pb/m®, are found In some shooting range areas near Orebro. middie
Sweden, The corresponding contamination from atmospheric depositlon will only increase the Lead-content
up 1o abowut 30 g,.-'l'r'r2 redative to background content in the sudace sois, Lead pellets & bullets can readily
decompose and transform into Ph-bearing minerals in contact with soi, The newdy formed minerals are malnly
Lead carbonate hydroxides (PBCO.-nHL0) In sodl environment having pH value from 3-6.5. In noutral soil
emvironment the transformation can produce cerussite (PbCO,). Compared with sofs in Danish shooting areas,
the Swedish ackd soil erwironment is favourable for the formation of Lead sulfate {F"I:lEﬂ_‘] as well. Organic
subsiances have a rather large capacity for degradation of Lead pellets & baullets. The degradation rate is
environmentally dependent and is more rapid in soils rich in organic substances.

Soil minerals have however various capacities for adsorption of Lead in soil. Al-hydroxides are capabile of
retaining Ph via adsorption as an inner-sphere complex during their farmation which causes mare stable
bonding of mefal-mineral. Clay minerals, especially smectite and mixed layver chlorle, can be capable of
adsorbing Pb via an outer-sphere surdace complex. The EDTA ggiractable P In-soll suggests the adsorpliion
on the surface of clay minerals. The Lead pollutanis appear to saccumulate in sudace soll horizons and the
ennchment coccurs within top several tens of cenfimeters. Adsorbed Pb on soil particles via lon-diffuse can be
readily released imto soill solution and can be mobilized down the profie by percolating water, From the soll
profie studied it ca be seen that there are smaller concentration of Pb In leached horizon(A] and slightly larger
in accumulated horzon(B).

A speclal complexion of Lead compounds was also found. The introduction of Lead Into microstruciure of
soil particles can prevent the leaching of Pb from soll and the subsquent formation of new Pb-beanng minerals,
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PEDOGENIC CARBONATE - AN IMPORTANT SAMPLING MEDIUM FOR GOL.D
EXPLORATION IN SEMI-ARID AREAS

M., LINTERN AND C R M. BUTT
CSIRD Diviston of Exploration Geoscienoe, Wembley, Austrabia, &014

Soil goochemical studes at several sites in the Archacan Yilgam Craton of semi-arnd south western
Austrahia have shown a specific, highly senificant and unoguivocal assooation between Au - and
pedopemic carbonates. The remon 15 charcienzed by the widespread development of a deep lntente
regedith which formed under huntid, probably warm conditions dunng the carly Tertiary and has been
modified wnder subsequent and chmates that continue 10 the presend.  Altbouph the regolith was
strongly leached during the initial phase of weathering, the upper few metres are now commonly
mfused by pedopenic carbomaies precipitated as evaponies m vords dind a5 coabings, nodules and
cemenis. Supergene Au deposits have developed m the ferruginous latenhic honzons and deeper in the
zaprolite, overlying pnmary minerahzation. These have a strong surface expression wheng the latenie
outcrops. Where the residual profile is panly truncated or bunicd, mancralization may be concealed by
many metres of barren scdiments andfor leached saprolite. Past explorabon has relod on decp deibling.
hut such deposits can have a surface expression if sols are sampled cormectly

At the Bounty mune. the kteritie profile has been truncated and soils have developed from clav-nch
saprofite.  Gold iz nbmately and almost exclusively associatel with the  podommic carbonmes
(eoncentrations 30-=300 ppb) that have developed in the top 2 m of the profile Below the carbonate
thie Au content dechnes (o <10 ppb. A simalar association occurs at the Pancls deposin, 250 km ME of
Bounty. where significant supengene mincralization occurs at a depth of 40 m beneath stronghe leached
sapeolite. Thn (<1 m colluvial and alluvial sedsments overlie much of the deposit. bul 10 the south
the saprolite is bured by 10-15 m of barren ferruginous gravels, sands and clay,. Mincralzation s
expressed by Au eanchments (50-150 ppbd in the carbonates i the wp metre of sals on both the
colluvium and the pravels. The Ao distribution i3 more complex at Mulling, 100 km MW of Panghs
where the ferruginows [atente henzon 15 boing aliensd and partally disinggratad by carbomate
precipitation.  Dispersion of Au from primary mincralizanon has created a surficial halo characterisne
of ltentic deposats but, i addibon, Au 15 also present i the carbonates. so thal both phases man
contam up i | ppm Au

Giodd amd carbonaic ool only Jeive very somular destributions in soil profiles, bur the Ay assocusel
with the carbonate 15 very soluble  This suppesis that thew dispersion s controlled by similar
processes. A possible mechanism ig that Au, Ca and Mg arc brought to the surface by decp-ropied
trees and are subsequently re-cveled in the sails. Calcm and Mg reaet with CO, produced by roal
and microbtal respirateon and Au forms a soluble complex. probably with crpamc matter. and all
precipitate when the soll water is removed by cvapotranspiragion,

The strong association between Au and pedogenic carbomate swirgests that the carbonate honzon
should bo identificd and preferentially samplod during explomtion. partcolarhy whene soils ane
developed from highly leachied andfor transported substrates, Sampling that does not specifically selec
this horzon may be inappropriate becase this restricted cxpression of Au mincralization may b
missed. The depth and thickness of the carbonate horzon may vary, But it 8 generally within | 1o 2 m
of the surface and may readilv be dentified wsing dilute HCL The most cost-cffoctive sampling
procedure 15 by power auger dollme and compositing the cuthmgs throegh the carbonale borzom
Anomalics are, however, mated in lateral extent, 5o that close cross-strike samphing istervals should be
used, Thez procedure has been successfully used throughout the southern Yilgam CUraton and should be
applicable m equivalent torrains clscwhere

This rescarch was conducted as part of Progect P24 of the Australian Mincral Industrics Rescarch
Association. The sponsors of the project are thanked fon thear Rnancal suppon
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THE STUDY OF HYDROCARBON DISTRIBUTION IN HﬂRlNEIC?ﬂHﬂBACTEElAL.HﬁTE

LIU, CHIN-TOU'; OUNG, JUNG-NAN': SHIEA. JENTALE'

; Dept. of Chemistry, Natl. Sum Yat-sen Univ., Kaohsiung, Taiwan
Inst. of Marine Geoclogy, Natl. Sun Yat-sen Univ.., Kaohsiung,
Taiwan

Microbial mat has been recognized as living fossil for its
structural similarity with the ancient stromatolite. Thus, the
study of chemical composition, especially the hydrocarbon in living
microbial mat becomes very important in understanding the original
input and transformation of hydrocarbon found 1in ancient
gtromatolite and fosgil fuel. I[In this study, the distribution of
hydrocarbon in a lagoonal cyanobacterial mat which was collected
from Baffin Bay, Texas was studied by gas chromatography/mass
spectrometry (GC/MS). Because of the irregularly seasonal and
wind-generated tides, the intermittent growth of cyanobacteria at
the bottom of the lagoons and the accumulation of mud brought into
the lagoons by flooding have led to alternmate organic-rich and
mineral-rich layers. It is believed that the buried organic
compounds were decomposed mainly by fermentative microorganism
living in the mat. For this reason, the mat becomes & good model
to atudy the change of hydrocarbon distribution owing to
biodegradation effects in the environment.

The biomarkers from cyanobacteria such as n-heptadecane,
monomethyl-hexadecanes and -heptadecanes, and heptadecene are the
predominant compounds found in the upper part of the living mat (0-
0.4 ¢m). However, with the depth increasing, the quantity of these
compounds decreasing gradually. Decreasing the gquantity of these
Hydrocarbon with depth in the mat implies that the effects of
microbial degradation can heavily and rapidly alter the originally
chemical composition in the environment.

It is interesting to find that a series of even-carbon number
normal alkanes (from n-tetradecane to n-octadecane) were the
predominant compounds in the bottom part of the living mat (0.9-2.0
cm) . fimilar compounds have been found in several marine
sediments, therefore, the possible sources for these compounds may
come from cyanobacteria or the bacteria lived in the mat.

C28B hopane (the number refers to the carbon number) i1s the
predeminant compound Ffound in the buried mats. The possible
gources of thiz compound may come from the cell decomposition of
the cyanobacteria or other bacteria living in the buried mat.
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GEOCHEMICAL MAPPING OF STREAM SEDIMENTS OF THE BAIKAL
LAKE BAIEAL TRIBUTARIESB

LOMONOSOY I.5., GAFON A.E., GVOIDEOV A.M.

Ceochemical mapping of the stream sediments from the
Baikal lake tributaries was aimed at study of river drift
influence on the recent sediments in the littoral and for
the large tributaries for pelagic part of the lake bottom.

one of the main goal of the geochemical mapping is
geochemical classification of the stream sediments of the
near-mouth parts of the Baikal tributaries.

The sandy-clay fraction { 0.5 mm in diameter) of the
stream sediments was sampled from 250 constant tributaries
of the Lake Baikal. The collected samples were analyzed for
macroelements via the X-ray analysis and for microelements
by atomic emiszion guantitative and semigquantitative
analyses.

The data were interpreted wvia multidimensional field
analysis as it enables the distribution patterns of chemical
elements to be revealed i.e. the polyelement geochemical
associations and geochemical types of sediments to ke
distinguished on the guantitative basis.

The study of macroelement distributions is particularly
gignificant as they serve as the markers of phase and
granulometric composition features, which determine the
microelement composition of the deposits. The rate-setting
of oxidae sum of major elements to 100% were made to remove
the irregularities in macroelement distribution=s. Then the
oxide concentrations were calculated into element
concentratlons.

50% of the accumulated frequency was used as the
background concentrations.

The bkackground element concentrations in the strean
sediments of the Baikal tributaries for the macroelements
(weight percentages) are: 51 -28.05; Ti - 0.42; Al -7.94; Fe
- 3.70; Mn - 0.08; Mg - 1.51; Ca - 2.36; Ma -1.71; K -1.91;
P-0.10; 5§ - 0.07; Ba - 0D0.7; for the microelements (ppm):
Ag - 0.06; Pb - 6; En =-50;Cu - 27;Ni - 10; Co - B; Mo - 2.0;
r — 40, Li - 1; B - 10.

The polyelement  geochemical map-scheme of the stream
sediments of the Baikal tributaries.

Geochemical element association (in brackets are the
contrast coefficlients):

1. Li(13)B,Cu,Ni(1.8) Mn,Ti(1.2) Mg,5i,Al,Fe(l.1) Ca{0.7)
Na{0.7)

2. B(2.2) Ag(l.6)Cr(1.5) Mo(l.4) Mn,Mg,Si,Ti(1.1) K,Al,Fe
{1.0)

3. Sr(l.4)Na,Ba(l.3)Ca(l.2)Si(1.1)

4. Ba({ll) Cu(2.1)8,;5r(1.9) Cafl.7)Mn,Mg,Ti,P, Mo,Ag,V(1.5)
Fe(1.3)

5. Li(20) 5(1.6) Pb(1.4)Mn({1.2)Fe({l.2)Ca,P, Mg, K(1.1)Ti,Al
(1.1)8i(1.0)

6. Cu(2.8) Ni,V(2.3) Mg(2.0)Ti{1.9)Mn(1.7) Fe(l.6)Ca(l.3)
Ma(l.1)

7. 5(8) P(3.4)Mn({1.9) ca(1.7)Fe(l.2)Al(1.2) 51i,Ti, K, (1.0)
Ha Mg (0.9)

8. Ag(108) Pb{5.7)Ni(2.6) Ca(2.4)Mg(l.B)Ma{l.4)Mn{1.3) Fe,
Ni(1.2)A1(1.1)8i(0.9)K(0.5) 117



For all distinguished groups, the main petrochemical
coefficients were caloulated. It permits to describe the
revealed groups in detail (group numbers correspond to the
numbers on the figure).

groups (Haz0 +CaD] (Haz0+Ka0) {115%8+T192+F22ﬂ33
Alals 2Y3 2
1 1.687 0.251 0.379
2 2.19 D.291 0.345
3 3.02 0.353 0. 344
4 5.06 0.251 0.444
5 2.16 0.264 0.427
& 4.84 D.261 b.518
7 3.33 0.243 0.451
] O.68 0.265 .484

The petrochemical featuras of the revealed groups
characterize the stream sediments of the Baikal Lake
tributaries as clay-sandy aleurites, which are different in
the main phase ratio.

Thus, the stream sediments of the tributaries are
similar by geochemical features. It results from the
similarities of the landscape-climate conditions of the
drainage basin. 118



CONTRIBUTION OF MASS BALANCE TECHNIQUE TO THE ENOWLEDGE OF GOLD
ENRICHMENT IN GOSSANS: AFFLICATION TO IBERIAN PYRITE BELT.

LOREDQ, J., GARCIA IGLESIAS, J.

Gold-rich goesans are formed as weathering products of
primary sulphide deposits containing native gold, which is a
stable mineral under supergene conditions, and it is ussually
retained in the gossan as residual mineral. Gold is an immobile
alemant, however some transport of small-size gold particles is
possible (Boyle, 197%; Plyvusnin et al., 1981; Webster and Mann,
1984). In these conditions must not be underestimated a gold
transport in solution as complex lens, provided that the
solubility of gold under supergene conditions is known
(Maichairas, 1967; Warren, 1982; Cloke and Kelly, 1964; Lakin
et al., 1974; Boyle, 127%). In conditions of supergenic
alteration some protore minerals turn unstable and happen the
solubilization of chemical elements. In theses conditions the
geochemical behaviour of the different elements is function of
the mineralogical stability and the gecchemical mebility of =ach
one, So elements as Ti or Zr; which minerals are very stable in
these conditions behave as inmobile elements and they conserve
their mass. Elements as Cu, Fb and 2Zn solubilize in these
conditions, and some of them -Fb and Zn- have a great mobility
and leave the system. Elements of low mobility as Fe,
reprecipite and neoform stable minerals -iron oxides- in these
conditions.

The weathering of protore can be described as a closed
chemical system assuming as simplification that lateral flux of
elements is negligible. In this ceonditiens the nass of an
inmobile chemical element contained in a protore volume, will
remain retained in this wvolume after their transformation in
JoBSan .

On the basis of that meteoric water flux and transport of
elements are vertical, in moderate homogene ore deposits is
possible to use mass balance models (Brimhall et al., 1985;
Brimhall and Dietrich, 1587}, which combines data about bulk
density, chemical composition and volumetric properties (strain)
of weathering products to those of the protore. Defining the
strain (s) as the difference between gossan length (H,) and
protore length (H;,) divided by protore length -

= {E‘-Hi_p:l .I'rHi_[l"

In this case the residual enrichment facter (C,/C; ) for
retention of an immobile element (1) from protore (C_) teo gossan
(C;) during weathering, is a function of the deformation of the
system (H_/H, = 1/1+s) and the density ratio (D/D,) of the
protore {D,) to that of the gossan (D}:

- [cl..a:l'rci.p] s {1f1+5}x{ﬂpfﬂr]

Gold enrichment 1n gosszans occurs by lsovolumetric residual
concentration as it is retained in the weathering products as
an immobile element and effectively enriched by complete
depletion of sulfur and partial depletion of iron in solution.
Iron 1is 1locally mobile and 1is transported and partially
reprecipitated by oxidation as goethite and hematite. Other
elements are more mobile such as copper, lead and zinc, and are
leached from the gossan. Titanium was assumed to behave as an
immobile element and used to compute the amount of strain due
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to dissolutional collapse of the porous ferrogenous matrix.

The weathering of massive sulfide deposits from Iberian
Pyrite Belt have produced ferruginous gossans with reduction of
bulk dry density and average mineral grain density and increase
of rock porosity by dissolution of minerals containing mobile
elements. Residual enrichment of Ti and Au occurs, and is
ccasionally augmented by enrichment due to wveolume loss by
dissoclutional cellapse.
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Application of artificial sorbents
in prospecting

V.E.Lukashev
Institute of Gecochemistry and Geophysics of the
Belarus Academy of Sciences, Zbodinskaya, 7,
Mingk 220600, Republic of Belarus

Adsorption and ion exchange onto cclloidal particles is
one of the major processes governing the mobility of chemical
elements in the surficlal environment.

For more than 15 years artificial sorbents have been deve=
loped by the author for studying natural processes and for
applied geochemical prospecting and environment monitoring.

We succesafully combined the hydrogecchemicel, atmochemi=-
cal and lithogeochemical methods by the use of absorbing mate-
risl, The method allows the [ixing of the mobile forms of many
elements by cation- and anion-exchangers, in order to estimsate
thelr contents more confidently. It also peraits the selection
of sorbents with highly selective properties. Celluloase poly-
phoaphate, as well as other sorbents were used (carbon fibers,
zeolites, ion-exchange resins etc.). These sorbents were sub-
merged in streams or buried in the ground, or they were left
for & period of time in soll at & depth of about 1 m at stations
25=200 m apart in regions where prospecting was golng on.

In some exparlments we attached sorbents to branches of trees
1=3% m Above s0il level. Beveral caese histories illustrate sonme
of the different environments where the use of artificisl sor-
bents was gompared with other prospecstling zethods.

Artificial sorbents were uged to search dispersion patte-
rng of gold ino soils &nd water gtreams from small- and average-
gized sulphide-gold=quartz ore deposits in Archean-Froterozoic
and Paleozoic granites in treeless mounteln lapndscapes of Sibes=
ria., Glaciers, stone streams solifluction, and glacial and
fluvio=-glacial deposits were widely developed here. Aftaer
% months of keeping sorbents in soils thelr concentrations of
gold above the ore manifestation were 30-40 {times the bsckground,
Anomalies of silver were not so clesar.

In 1986, during the 44th expedition of the research vessel
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“Akademic Eurchatov" in the Baltic Sea, the author tested sor-
bents for measuring metal ¢ontents in gas-liguld fluids emanat-
ing onto the seafloor from craters (pockmarks) and other fea-
tures. 4 series of experiments was carried out with artificias]l
sorbenta that were: 1) attached to & rope and pulled by the
vessel in its passage; 2) subaerged for feour days in plastic
tanka conteining S liters of seawater from gas-crater zone;

%) submerged in the sea to different depths on ropes attached
to buoys (floats), The distribution of Be, Ti, Cr, An, Ni, Cu,
Zn, ¥, o, Pv was studied 1n bottom sediments and waters around
gas seeapages., Differences in the contents of Wi, Cr, Wn, Ti
were detected, which may be related to deep thermal sources and
presence of oil.

Other experiments were carried out under difficult pro-
specting conditions in & region of the Byelorussian crystalline
shield covered with 150-200 m of overburden (sandstones, chalk
and tills). Here several gecphysical anomalies with (iron, gra-
phite and sulphide) mineralization have been proven by drill
data. We have carried out investigation by burying sorbents in
g0il for periocds of 3 to 12 months. Increased content of Wi snd
Gr observed on the sorbents are thought to be from magnetite,
ds well as pyroxenes and garnets, which are closely associated
with iron core in the deposits. Concentration of these metals
in the ore zone a&re ten times greater than those of background.
Anomalies of chalcophile elements (zlnc and copper) which are
geven times the background velue sare thought to De from burried
sulphide minerals. Anomalies of gases {(carbon diexide and he-
lium)}, which were also detected, are thought to be the main
carriersof these metals to the surface,

Recent investigations show that the geses can transport
finely dispersed metals or volatile compounds such as metal
cyanides, carbonylic complexes etc. Bubles discharging from an
ore body can carry on thelr surface certein metals and organic
compounds.

Some other factors are also lnvolved: deep weathering; the
activity of microbes in pore solutions, movement of metals in
water filme in ¢lay strata and in frosen ground; &nd electro-
chemical processes. The mode of cecurrence of elements in the
secondary environments reguire further thorough investigation.

122



GECCHEMICAL MAFFPING AND TERRITORY ZONATION
OF QUARTERNARY DEPOSITS IN BYELORUSSIA

V.K.Lukashev (Institute of Geochemistry
and Geophysics, Acad. Sei. of Byelorussis,
Zhodinskaya Str., 7, Minsk, Belarus )

in Byelorussia the investigations on gecochemistry of Quar-
tenary deposits and lithogenesls were carrlied out by K.Lukashev
end his collaborators for more than 40 years. In this region
Quarternary depcelits cover the whole territory and exceed 350 m
in thickness, The key problems werat

a) geochemical pecularities of different genetic types of
sediments (%ill, loess, lacustrine sediments etc.);

b) study of soils, vegetation, water chemicel compositicn
and zoogeochemistry;

¢) mapping and territory zonation;

d} applied geochemical problewms (prospecting, medicine, ag-
riculture, environmental protection, Chernobtyl fall-nut etc.).

In Byeloruseia threse geochemical provinces are distinguish-
ed which differ in the content of some essential and trace ele-
ments (Ti, Cr, Wi, Mn etec.). The origin of these provinces is
due %o bodrocks, techtonics, glacial history, weethering proces-
gag and landscape geochemlistry after the Jdeglaclstlon.

A statisticsl treatment of Y00 mechanical and 700 cheumicsl
analysis of loess, silt (sand losam and iuﬂm}, and clays of mora=-
nio, alluvial and limno-glacial origin was ogede.

In Byeleocrussis, loess covers ebout 10 percent of the berri-
tory which is egual to 207,000 square kilometres. The thicknesa
of the loesa sheet is varisble form 0.5 to 12 meters. 45 a8 rule,
Byealorussis lpess 15 macroporus. lts average porosity wvalue ls
42 percent, The loess deposits are commonly nonstratified and
unconseolidated, but some of them heve well=leminated features.
Loess rock orlginated in periglaciel regions and thelr formation
was due chiefly to washout and eolian differentiation of other
Wuarternadry deposlta.

A comparison of the data shows that the Byelorussia loess
sediments are characterized by very good grading, by predominan-
ge of O.01 to 0,005 mm sige fraction, by & high content of Ei{b
and by low content of FEEE§'

The comparison of data also shows that silt and elay of
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alluvial 4ype are the closest to loess by their granulometric
and chemical composition, moraine sedluents chiefly by their
chemical gomposition, and limno-glacial deposits only by their
granulometric composition. Loess rocks from different areasg of
Byelorussia vary in trace elements content (Ti, Cr, Ni, Hn,
Cu ete.): The mineral and chemical compositions of loess in
Byelorussia and Central Asia have been also examined and their
physical and mechanical propertlies compared. As B result, mate-
rial has been gathered characterizing the influence of zonal
factors upon the lithogeochemical properties of locess in both
regione, BEnvironmental factors affects the some propertiess of
loess rocks, especislly the content of carbonates and easily
leaching components. Loess deposits cover wvast area of the
Earth surface, including that with arid and semiarid climates
whera irregular river atreams sediments and undeveloped soils
are sometimes not good sampling media for succegsful mapping
and comparison with o¢ther regions. The geochemical mapping of
world loesses may be & new important branch or subproject in
framework of the IGCP project 25%9.
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TILL GRIMDING EXPERIMENTS AND SOME GUIDELINES FOR
INTERFRETING TILL GEOCHEMICAL DATA

MAKINEN, J.E.M,

Several types of till from Central Finland were sampled
for grinding experiments aimed at simulating the genesis of
the natural fine fractiom (FF) (< 64 pm) under different
physico-chemical conditions. A Fritasch-P-5 centrifugal mill
with zircon oxide chambers and balls was used. Before wet
grinding a feed was sieved inta 64 - BO000 um fraction.

It was observed that the production of artificial fine
fraction (AFF) increased as the grain-size distribution of
the fead was coarsened, i.e. 60 g of the fraction 64 - 500 um
waa replaced by the fraction 500 - B000 pum. The proportion
of micas relative to quartz and feldapar alsoc increased
significantly, reflecting the growth of Co-; Cu-, Fe-;, Mn-,
Ni- and Zn-concentrations and decrease of UW (Fig. 1).

Cecrease of pH also promoted the production of AFF, bub
mineralogical and geocheamical trenda were less unambiguous as
than the coarsening of the grain-size-distribution (Fig. Z).
Comparisons batwean AFF produced in neutral and acid solu-
tions reveal that geochemical scatter was greatest for Co and
cu.

Increase of redox-potential and WaCl-concentration also
promotad production of AFF.

On the basis of these observations mechanical and physi-
cochemical models were formulated to explain the genesiz and
composition of the fine fraction in glacial circumstances.

In the mechanical model the relatiocn between boulder
entrainment and the velocity of ice flow controls the guanti-
ty and composition of FF (Fig. 3). When the boulder entrain-
ment is large in relation to the wvelocity of the ice flow,
production of FF is effective; and micas are enriched in the
FF raelative to guartz and feldspar. That iz reflected in high
Co=-, Cu-, Fe-, Mn-, Ni- and Zn-concentrations and low UW-
value in FF. The converse applies when boulder entrainment is
low in relation to the wvelocity of the ice flow. The boulder
entrainment has uavally been great in areas of compresaive
flow (2.g. rogen moraines) and smaller in areas of fast free
flow of ice (ea.g. drumlin fields).

In the physico-chemical model the production of FF is
promotad by decreasing pH, increasing redox-potential and
electrolyte concentration (Fig. 4). These factors are morae-
over dependent on the mineralogical and gecchemical composi-
tion of tha basal debrie which acta as an ion exchanger.

The experiments revealed the inter dependencies between
the geochemical and mineralogical composition of the AFF and
physico-chemical conditions during grinding. The latter
corresponds partly to glacial activity, and interpretation of
the geochemical data therefore reguires separation of the
information derived from the badrock and glacial geology.
This can be partially achieved by using data processing basad
on alement ratios or by standardizing the values by UW. Sepa-
ration of the data according to glacial subareas isg also
recommended because better correlation exists between till
and bedrock composition in the case of A than in the case of
B (Flg. 3]
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Figure 1. The ratio (R) of Co-, Cu-, Fe-, Mn-, Wi- and Zn-
concentrations, unit waight (UW} and weight (WE) betwaen AFF
produced by coarsened and normal till samplesa, The wvalue is
caloculated between experimenta having the aame production of
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Figure 2. The ratio (B} of Ceé-; Cu-; Fe-, Mn-, Hi- and Zn-
concantrations, UW and WE between AFF produced at pH 4 and at
pPH 7. Sees explanationsa in Fig. 1.
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Figure 3. Mechanical model explaining the wvariations in the
quality and guantity of the fine fraction of till, The magni-
tude of debriz entrainment is great (A), minor (B} relatiwve
to the ice £low wealocity - upper part in tha figure.

The average grain size of the feed in A ia greater than in B,
The sama anergy :upply produces more fine fracktion in A than
in B. Proportion of micas relative to guartz and faldap&r is
alaso greater in A (black) than in B {gray) -lower part in the
figure.
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Figure 4. The physico-chemical model representing the effact
of pH on the guantity of fine fraction in till, Weathered
sulphidea increase tha H'-concentration in the glacier along
with the effect of glacial comminution. Production of the
fine fraction increases concomitanotly.
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ENVIRONMENTAL MONITORING OF COMBINED HEAVY
" METAL/ORGANIC POLLUTION IN CENTRAL, EUROPE - AN
INTEGRATED MINERALOGICAL-GEOCHEMICAL APPROACH IN THE
BITTERFELD-HALLE INDUSTRIAL REGION.

G.MATHEIS, C.SCHREIER, A.SIAD 1, A.UTKE 2W.GLAESSER 3
1—Techn. Univ.Berlin/Appl. Geochemistry
Z-- Baguma Environm. Counsulfants Barlin
31— Environmental Research Centre MHalle

In order to assess both anorganic and organic pollution patterns as the first step to
improve the ecological situation around large industrial agglomerates in Central
Europe, geocheical monitoring in surface media is considered to be the primary tools.
A case study in the flooding plane of river Saale around the city of Halle is presented
on the basis of 350 sampling locations providing the -200u fraction of A-horizon and
the -80u fraction of B-horizon, respectively.

Regional assessment of the degree of pollution in relation to nationally fixed
concentration levels is based on a standard extraction procedure by agua rega
(German Industrial Norm) which allows to correlate data sets from different areas
However, vanations of heavy metal background values due to differing local Clarkes
and/or mineralogical composition of the samplingmedia are normally not considered in
standard environmental assessment. Similarly, seasonal changes in mineralogical and
geochemical concentrations, which are particularly sensitive in drainage surveys, are
hardly monitored.

Such inventories have to incorporate al least semiquantitative information on the
mineral composition (clay species, Fe/Al/'Mn-oxides/hydroxides) of stream sediments,
floats and soils, respectively, as one of the most important- and usually neglected
factors to understand chemical speciation and adsorption effects, Regional monitoring
prevents the application of the traditional mineralogical anabytical tools as XRD and
IR-Spectrometrie, however, factor analysis of XRF main element concentrations from
powder pellets provides sufficiant information on such mineralogical dispersion
patterns.

In addition to XRF screening of the main element range plus 21 trace elements (B-
horizon) and the standard aqua regia leaching for both A- and B-honizon (always the -
BOu fraction), the following selective extractions were applied to distinguish specific
element mobilities wich are critical in the system surface-water/soil'groundwater:
—citric acid leaching to evaluate on both horizons the adsorbad, easily exchangeable
heavy emtals only,

--hydrogen-peroxide leaching on the A-horizon fraction to determine the heavy metal
proportions fixed on organic material,

Similar sample treatment on selected soil profiles to about 2 metres depth in addtion to
detailed mineralogical studies (XBD & FTIR) are providing the required base data for
the vertical migration,

The resultmg data sets are sufficiant for statistical and geo-mathematical treatment
and interpretations targeted both on the regional environmental pollution levels and the
critical interaction between flooding plain  and hydromorphic  dispersion
respectively Cartographic networking and display of the data sets is achieved through
integration into & geo-information system.
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COMPARISON BETWEEN STREAM SEDIMENT (5ILT) AND HEAVY MINERAL
GEQCHEMISTRY IN REGIONAL SURVEYS

MAURICE Y.T.

Extracting and analyzing heavy mineral concenirates (HMCs) from stream
alluviem i$ undeniably a more costly means of camrying out regional geochemistry than
the more commonly used silt survevs. However, it is well documented that when the
target is gold andfor platinum group element deposits, heavy minerals show greater
contrast and clearer dispersal patterns than those from silts, making them a superior
medium. When it comes to other metals, though, both media show different, but often
ecqually useful aspects of the geochemical landscape.

In this paper we compare the signals (statistical data, disinbution patiems, ctc.) of
both media for about 20 clements, based on a 3200 km?, 310-sample regional heavy
mingral / silt drainage survey m the Appalachians of southem Quebec. The area was
heavily glaciated and 15 characterized by a wide variety Of muneral occurrences and
lithological units ranging in compasition from arkosic and carbonaceous sediments to
basic volcanics and serpentinites. The HMCs and the silt samples were collected ar the
sAme sites.

The differences that can be observed in the geochemical signals are atmibuted to
differences in ¢lement abundance, mobility, dispersal mechanism andfor mineralogy.
Elements such as Cr and the rare earths, which occer mostly as detrital resistate minerals,
tend 10 show similar patterns but the highest confrast in ¢oncentrations between the two
media. The base metals, on the other hand, which are mobile with a sirong tendency 1o
disperse hydromorphically, show very distinct dispersal patterns with much less contrast
in their concentrations. Other elements, such as Ba, occur in different mineral phases in
HMCs (barite) and in silis (replacing K in feldspars) giving nsc o similar concentration
range values but highly contrasting distribution patierns. The influence of glacial
dispersal is recognizable in the dismbution patterns of most elements in both media, but it
is more easily interpreted in the HMCs because of the absence of an hydromorphic
component. On the other hand, the silt data displays numerous anomalies

(hydromorphic?) which are not found in the HMCs but which could be impornant 1o the
explorationists.
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THE DEVELOFMENT AND AFPLICATION OF AN ANALYTICAL METHOD FOR
THE DETERMINATION OF GOLD IN GROUND WATER

MC HUGH, J.B., AND GRIMES, D.J.

An analytical technigque was developed to determine low
levels of gold in ground water samples collected around
disseminated gold deposits in Nevada. A one-liter water
sample is filtered, acidified, and brominated, and the gold-
complex is extracted with an anion resin. The gold on the
resin is eluted with an acetone/nitric acid solution and
evaporated to dryness. The evaporite is taken up with a
hydrobromic acid/bromine solution and extracted with methyl
isobutyl ketone. The extract is electrothermally atomized in
an atomic-absorption spectrophotometer. The limit of
determination is l-part-per-trillion.

Ground water samples were collected from drill holes near
the Pinson, Rabbit Creek, and Summer Camp disseminated gold
deposits in northern Nevada. The water samples were analyzed
for gold at the l-part-per-trillion level to determine if gold
is being hydromorphically mobilized from these deposits.
Analytical results indicate the presence of hydromorphic
dispersion anomalies of gold in the ground water associated
with the buried disseminated gold deposits.
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GEQCHEMICAL SPECIALIZATION OF HYDROTHERMAL - METASOMATIC
FORMATIONS OF THE ALDAMIAN SHIELD

HMOLCHANOY A. V.

The Aldanian shield is an exposed part of crystalline base
of the south - sast part of Siberian platform. Tectonic
history of the shield is divided into 4 stages (AR;, AR, PR,
HMZ) every of which is characterized by 1its own set of
hydrothermal - metasomatic rock associations ( HHRA) jointed in
4 genetic rock association series (GHAS) corresponded with
tectonic stages. Geochemical and metallogenic characteristics
of HMRA and GRAS are shown in the Table. However, there is
direct correlation between geochemical and metal logenic
patterns of HMRA and initial geochemical patterns of hosted
rocks baing sspeclally distincet for such elements as U, Th,
hAu, Agy Cr, and Co: [nvestigations aof behaviour of some ore -
forming slementa (Usy Thy Auy Ags TR; polvmetal les etce) show
hydrothermal - metasomatic processes to be leading to
intensive activity of above mentioned elements, their transfer
and subsequent concemtration in favourable thermodvnamic {(high
temperature for TR, Sns Hby, Th, U and low temperatura for Au,
Ag, Cery Co, U) conditions and structural (Zonea of brecclation
and intensive fracturing, volumetric cataclasis, structural -
stratigraphic unconformitiesa) position: The result of this
ProcCesses I8 formation of naturaly observed metal logenic
zonality of the region.

Usage of the method of A-A-Marakushev for determination of
acidic = alkaline parameters of rocks in gumbeite HMRA al low
us to show that gumbeites contain alkaline (mostly adularic!
ag wall as acidic (mostly guartz - adulapic) subdivisions with
elear tendency of concentration of uranium in the former and
that of gold in the latter. During formation of CRAS of
hydrothermal - metasomatic rocks significant changes in
character of shape of concentrations of ore = forming elements
{in particular, uranium) took place- For example, it is
established transition from hosted rocks to high - temperature
gilicium - alkaline ({gquartz - plagioclase - orthoclasic or
gquartz - albite - microclinic or phenites) metasomatites and
to low - temperature alkaline and subalkaline {gumbeites,
zeolitites etc-) correlates with trancsition from dispersed
pranium and thorium - bearing minerals to stockworks and viens
of uranium - beparing minerals as well as with changes in
character of correlation between uranium and other elements.

Study of gecchemical characteristice of HMRA of Aldanian
shield as well as behaviour of some ore - forming olezents
allow to establish hydrothermal - metasomatic activity as the
main factor of ore géenesis in the reglon.
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J. C van Moon and Aung Pwa
Geology Depariment, University of Tasmania, Hobart, Australia

Several types of natural quartz can be characterised by their electron
paramagnetic resonance powder spectra andfor their trace element content, if
properly purified prior 1o analysis. For example EPR spectra from various
types of gold, zinc, copper and tin mineralisation and associated trace element
distributions are typical for these types of deposits. More importantly the
intensity of the spectra and the trace element of the quartz increases when the
quartz contains or is close to ore. It was found through experience that
silicious wallrock may be used as an alternative to quartz. This makes the
integrated use of EPR spectroscopy and trace element studies much more
generally applicable.

Quartz is an ideal material for electron paramagnetic resonance
observations, which can be made with a conventional analogue EPR
spectrometer. Because of the low level of trace elements encountered in
quartz and of the inherent difficulty in dissolving the material without losing
elements, either through precipitation or through wvolatilisation, we used
particle induced gamma ray emission (PIGME) and particle induced x-ray
emission (PIXE) conducted on pressed quartz pellets bonded with
spectrographically pure graphite. The method allows simultaneous
determination of up to sixty elements down to ppm level.

Because of its economic importance a large data bank was created of
3800 EPR spectra and 800 corresponding PIXE/PIGME analyses of quartz and
silicious rocks, mainly associated with several types of mineralisation. A
persistent positive correlation emerged between EPR signals and some trace
elements, usually K,Na Li and Ge, sometimes Mn, Fe, Cu and also T and Sr.
Individual assemblages of cther elements allow further chemical grouping.
The EPR spectra show also considerable variations, but always consistent with
the geological and petrological variations in the quartz or silicous rocks
studied. Both EPR spectra and trace element concentrations can be linked to
approximity of the samples to a mineralisation.

The explanation of these observations is that quartz associated with
mineral deposits grows rapidly and usually in concentrated solutions. Similarly
wallrock alteration products are generated in hydrothermal brines rich in trace
elements. The resulting anomalous electron paramagnetic resonance spectra
are either directly or indirectly the result of lattice substitutions in the quartz.

A large number of epithermal- (Waihi, Karangahake, Rodalquilar),
mesothermal (Beaconsfield,Bendigo) and replacement gold (Carlin) gold
deposits, VMS zinc-lead deposits (Rosebery, Hellyer) and some tin deposits
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(ME Tasmania) have been studied in detail. As an example may serve the
Rosebery VMS deposit. A survey based on whole rock geochemistry as
determined by XRF analyses was conducted on the mine lease by Naschwitz

and van Moort (1991) at a density of 5 samples per km2- A pattern of 5i, K
and Rb enrichment with an associated pattern of Na, Ca and Sr depletion was
observed over an area of 2 x 0.7 km. After having been leached with hot
concentrated HNO3, the same samples were reanalysed by PIXE/PIGME and
also EPR (Aung Pwa et al.,1992). Unexpectedly a far better definition was
obtained of the position of the orebody within the previously defined broad
alteration zone. Two types of EPR and geochemical haloes were detected.
The first type, related with primary massive sulphide and wallrock alteration
processes, trends NE-SW and consists of an enhanced electron paramagnetic
resonance [AlO4]9 centre, chemical Na-Ca-Sr depletion patterns (feldspar
destruction) and K-Rb enrichment patterns (sericite formation), measures 2 x
1.5 km and extends 500 m into the hanging and footwail .. The second type of
haloes is probably not only related to primary processes but also to late stage
remobilisation of elements. This second type of haloes trends NS, consists of
enhanced spectroscopic Mn2+ EPR signals and chemical Ba and Mn
enrichment patterns, measures 3 x 1.2 km and extends 700 m into hanging and
footwall. It is likely that a similar definition of the orebody would have been
achieved by XRF analysis if the original material had also been acid leached.
The simple EPR analysis proved to be the most efficient and accurate method
compared with the supporting trace element study.
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THE JOINT USE OF GEOSTATISTICS AMD IMAGE AMALYSIS IN THE
INTERPRETATION OF GEDCHEMICAL AND REMOTE SENSING IMAGERY

Muge,F#; vairinho,M**: Sousa,f.J.*; Pina,P¥*; Mariano,C*

DESTRACT

A methodology based on the joint use of geostatisticel and image anelysis
techniques is presented in this paper applied to the interpretation of
geachemical and TM LANDSAT images,

In prder bto highlight spatial features of the data, seweral smoothing and
filtering methods were used. The first group of methods concern the use of
moving average Filters and robust alternatives such as the median filter
and ATM Filter.

The second group of methods is besed on the caloulation of variograms in
orger to model the spatisl variability (detection of anisotropies eto...).
These variogram models were used to perform ordimary kriging as well as
factorial kriging that allows the decomposition of each variasble Into 3 or
more spatial components.

In order to eveluate the sbility af both methods to highlight significanc
geochemical patterns as well as Lo reveal subtle featyres that were over=
locked before (linear features related to bedrock structures, aslteration
slong a linear zore, etc.), lImage snalysis techniques were used to
transform the geochemical as well as the T images progucen by pech @2thog
stressing and uantifying thoze spatial patterns.

The second part of the work Intends to study the spatial correlation
between the geochemical amd the Landsat ™™ images. In a first step, PCO
was used in order to identify the cembinatfon of T™ channels best corre-
lated with the geochemical wvarlables. In a second step, cross-variograms
were calculated In order to model! the cross-regionalization between the TH
and geochemical data.

b Instituto Superior Técnica - Centro de Valorlragio de Recursos Minerals

*+ Direccdo Geral de Geologla e Minas
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In this study the resulting images were also compared from the morpho-

logical point of we by calculating morphological parameters obtained

through morphology based image analysis technigues in order to take Into
: iy g ¥ ]

account spatial continuities.

The study was carried out on geochemical data (Cu and Zu in soils), coming
from Exploration Surveys undertakien by DGGMsSFM, covering an ares of about
50 b-:m? in between Moura and Ficalha willages 1in Alentejo, South of
Portugal at the Magnetitic-zineiferpous Belt, metalogenic province within
the Ossa Morena Zone.

The area contains mainly Zn-Pb (Cu) sulfide minerallizations hosted in
Cambrian Dolomites. The oxidation of some sulfide deposits has led to
significant gossan devellopment during which enrichment reached economic

values (Preguiga, vila Ruiva).
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GEQCHEMICAL MAPS - TOPICS, TYPES AND PROBLEM
Warner PALCHEN, Ginter RANK and Peter OSSENKORF

Saxonia Board of Envirorvment and Geology.
Dapt. Soil and Geology
HalsbrGckar Stroio 318, D-0-B200 Fraiberg, Ganmany

The totality of chemical phenomena of & determined part of the sarth's crust is definad
a5 its goochamical flald, In distinction from geophysical fields (a.g. gravity, magnetism|
tha geochemical field is always bound tv 8 medium (rocks, aoils, water etc.]
Gaochamical meps allow (o reflect only curlain fesluies or some camponents of this
gacchamical field, but naver the whole of it. Commonly contents of chemical alements
or compounds are represented in maps, but alst composed or derived parametess as
guotients or factors are usad. In primary envirgnment the contents mostly rgfer 1o the
whole rock, wharaas in sacondary emvironment such regard often is impossible. The uso
of different fractions of supsrficlal formations (8. g. grein size fractions, chamical
axtracts of solls or stream sedimants) alfacts that geochemical maps created on that
base, show only spacial, but nevertheless essential sspects of the geochemical field.
Standardization of applled fractions and used fractionation technigues is necessary (o
artaln aguivalanca of results and comparability of geochesmical meps.

Gaochamical mapping is 8 complicatsd process of sampling, analysis and data handiing.
Concarning the sampling two main proceduras can bs distinguished: statistic sampling
of tha whole arga or sampling within subaras proviously salected after non-
goochamical criteria (geocloglonl units, rock formations, pedological units, land use arsas,
catchmant basing administration units atc.), In the first casa the resulting maps are

ilogaochamical maps, in the second case maps ara called semigeocchamical. In the
iatast mantioned maps subareas are charactenzed 85 homogeneous, whersas intarnal
inhomogenities ara not reflacted. In this case results are strongly influenced by the
critarion of subdivislon. Tha achlerment of total new kngwledges by this mathad ia
limited. Nevarthalass both types are epplicable and wsaful in geocchamical practice In
dependence on tha forasean purpose. Some examples of different typas of geochemical
maps are demonstrated.
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DETECTION OF PLATINUM GROUP ELEMENT DEPLETION IN
LAYERED MAFIC INTRUSIONS: A POTENTIAL AID TO
EXPLORATION FOR PGE DEPOSITS.

PERRY. B. ]., SPELLER, D. V., BAREFOOT, R. R., VAN LOON, J. C.

In layered mafic intrusions, economic PGE deposits are the result
of the collection of PGE's from the silicate melt by NiS droplets, and
subsequent settling accumulation of PGE-bearing NiS droplets. An
important consequence of NiS collection of PGE's from a silicate melt is
PGE and Au depletion of the silicate melt. The ability to recognize PGE
depletion in rocks crystallized from a depleted melt would be useful in
exploration for PGE deposits. PGE depletion could be used to
discriminate between favorable environments (those containing PGE
depleted silicates) and unfavorable environments (those that did not
experience NiS collection of PGE's).

Dry-chlorination was applied to drill core samples of the Fox River
Sill (Canada) in order to remove metallic minerals. The remaining
(silicate) fraction of each sample was digested by microwave heating in
a mixture of HF-HCI-HNO3. The digestates were evaporated to dryness,
re-digested in aqua regia, and reconstituted in distilled de-ionized
water. The solutions were analyzed by inductively coupled plasma
mass spectrometry for PGE's and Au. For PGE's and Au in the silicate
remainders, the detection limits by this method are sub-ppb.

Relative to PGE content of silicate fractions of samples collected
from non-mineralized horizons, the PGE content of silicate fractions of
samples collected from the mineralized horizon is significantly depleted
of PGEs and Au. The presence of PGE depletion in the silicate phase
distinguishes the mineralized layer from the non-mineralized layers.
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CHANGES OF THE LANDSCATE - ECOLOGICAL AND GEOCHEMICAL
ENVIROHMENT IN {HE RIVER PRIPYAT BASIN

N.l.Petukhova, L.F.Unoshko, L.l.Rjabova, A.B.Hikitin
Institute of Geclogy, decchemlstiry and Geophyslcs

of the Academy of Sciences of Belarus. Minsk,
Republic of Belarus :

In recent years, the ecological ailtuaticn in the River Pri-
pyat basin in the south of the Republic of Belarus changed consi-
derably. The incresse of intenszity of lond use was accompanled by
the dralnage amelloration of vast overmolstened end marshy lands,
gongtruction of big drainege systems, live-atook farme, eto. )

Before an Iintensive development of valley bottom landa, the
ggological situation in the Pripyat valley was in a relative
equilibrium, ELfective [rriility of prevailing sandy soils is
malnly due to lhumis horizon its thiclmess ranging from several
centimentres - in the near=channel ereas to 40 cm - in the cent-
ral end terrece floodplain, The content of humug varies between
0y45=9, 3%« Soile are more citen acid, or weakly ecid (pH averages
5:0) with & low sbsorbing capacity, poor in exchangeable calcium,
magnesium and potassium. Silics dominates (averaging 86,10%), the
content of other macroelements iz low: ALEU3 - 3;62%, Feﬂﬂﬂ - 1,25,
Cal - 0,45, Mgd - 0,33, K U - 0,65, ALQ - 0,30%. Concentrations
of microelements are low. Peat landa of the flocdplain valley
usually occur at a =zmall depth and are underlgin by sendas, have
a small absorbing capacity,, acldic and weakly acldis reaction,
low content of nutrients and trace elementa.

Hydrochemical caviroament ia characterized by hydrocarbonate -
ealeoic composition ond a low palt content (from lesa than 100 to
300-400 mg/l). ‘he guality of the Pripyat water ias described by
the following indices (summer-autumm low - water pericd) i salt
content - 300, suspended substences - 15, scluble oxygen - 9,5,
irom - 0,2, phosphorus - 0,01, sulphates - 20, chlorides - 15,
ammotilum nitrogen - 0,25%, nitrate nitrogen - 0,20,

A wideapread bog oceurence in this territory greatly in-
fluences the hydrochemicsl environment: waters of high bogs are
lesa minerelized than those of low - level bogs (6~T75 and 150-160
mg/l, respectively), less hard (alkeline-earth element content is

3-20 againgt 20-750 mg/l), less ferrMginated (iron concentrations
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are 0,1-2,5 and 0,3-6,0 mg/l), Inelude smaller contents of :sluble
organies (120-560 end 130-995 mg/l, respectively). _

Economic development of the region gave rise to ecolozical
problems involwving the environmental deteriorstion: mogt of nmoli-
orated lands were overdrained, wind erosion of sandy and peaty
solils Increasged, as well as wator salinization, thicknessa of for-
tile humus horizon decreased, radical changea in the matursl course
of geochemical processes in landscapes and in the netursl background
of geochemicel envirooment became evident.

The floodplain topography noticeably chanpged, underlering
sBand cutercop and deflation inereased, shape and course of water
atreams changed, plent associations show some alternationa, doep
geochemical trangformation of solil, roclk, plant, river and gzround
water contents occur. So, the drainage amelicoration and intenszive
cultivetion, of peat soils within 1961-1935 resulted in the land
degredation: 46% decrease of the peat layer thiclmeas, ingercanoe
of the gah content in the organic layer from 7,8 1o 80,5%, and
growth of itas bulk density from 0,71 to 1,0 gfcmj, decreass of the
organic content from 810 to 648 t/ha, 6 times decrsase of the
peat moisture capacity, increase of mobile forma of phosphorus
from 4 to 75 me PEDEITDG g of soil,; potssciam — from 9 %o &6 mg
EFGH1GD g of goil, decrease of total niirogen from 20,3 %o 16,3
t/ha. Drained peat soils lose ennually as mich as 1,5 t of rmato-
riale from & hectare with water mmnoff, end in addition 3-16 t -
due to soil mineralization, which results sometimes within 75-30
Fears In a complete exhaustion of a fertile layer.

Geochemical changes occurdng in mineral drained fleodplain
soils should be noted %00. These changes atimilete the orgenic
material mineralization. I%¥ is especilally =zctive in the first
years after the virgin land development. Within ten yecsras after
the flocdplain banking and soil utilimation under perrenial rrasses
the .himis content decreased by 1-2%, and under crops - by J=d41.
Chemionl indices of gollg change considerably, which regult in
inereasge of soll acidity, decrease of absorbing capacity by 2-3
meg, exchangeable celoium cnd magnesium by 2=£ end 2,5=-0,% 2e/100 g
aoill respectively; the vatio of ithese elemenis incresses, and soil
percentage sjturation with bases decreasca by T-114. Lobile forma
of potasslum, phosphorua, altrozen are removed from the scil pro-
file, as well as copper, cobalt, manganese and other bielopically

important trace elements; bound forms of gilicon and aluminium
are accumilated, iron content of drained solls increases.
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Live-stock farms unfavenrally influence the floodplein eco=-
logye. S0, after the land ivvication with manure slurrics the soil
content of nitrate nitrogen increages by a factor of I-4, potassium
= 10, phosphorua - 5=T, calclum and magnesium - 2-3, Depending- on
the salt sccumilation charaecter, the sodium, chlorlde, sulphate
and mixed salting iypes ore distinguished. Chemicallization of
landa resulted in the increnee of the Pripyat water concentration
of sulphatea by a8 foclor of 2, chlorides -~ more than 3, 3 times
sodium and 6 times potassium inecrease is noted sometimes in river
and ground water.

The date stated above Indicate by far that during g large -
scale dralnage amelloration ecnrried out in the Pripyat besin,
several natural, especially peochemical procesaes were naglected,
which negatively Impacted the ecologleal sltuation, Efficlent
nature management requires at present o aystematic control of the
environmental quelity dynemices in order to reach a good sgreement
between the man economic activities and natural processes.
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LANDSCAFPE-GEOCHEMICAL MATFING OF [ERRITORIES
CONTAMINATED BY RADIONUCLIDES AS A RESULT OF
THE CHERNOBYL ACCILERT

N.N.Fetukhova, 5.L.Romanov, Ya.I.Anoshko

Institute of Geology, Geochemistry end Geophysics;

Institute for Problems of Hatural Resourcea Utili-

gation and Ecclogy; Acgdemy of Sciences ol Belarus.
Minsk, Republic of Belarus

Hepsures for the alinination of the Ciernolyrl aecidens
consequenices necegsitate the use of voriocus osng, vhich zZive
4 comprehenaive presentation of satural, social-econonie, and
radicactive situation within ocontaminsted territories. At pro-
gent, the most important task of works involves the more detai-
led spatial study of redistribution and secondsry migration of
radionuelides within ceoentaminated aresg with regard for modes
of their cccurence and mobility due to natursl conditions,

Landacape-geochemical investigation data repreosented as
maps make possible an Assessment of the rAadionuolide migration
and can be used Ifor adjusting the airess values deponding on
specific natural features of territorles,

Specinl - purpose middle- end large-scale landscape-zco-—
chemical mepping simed et forecasting the radionuclide migra-—
tion with the recognition of zones of their secondary aisration
and diaspersion is necespary to give a comprencngive apgessment
of the Chernobyl accident consequences. The results obtalned
can be a ground for both making substantinted decisions, =nd
carrying out worka for the contaminated terriiory management.

A lendscape-geochemical map on a scals of 1:200 000 was
compiled for a part ol the Belarug territory subject to radio-
nuelide contamination sa a result of the Chernobyl accldent,
Ihe map representa the real ways sand pattern ef land - use,
material sagsz transfer, distribution pattern, modes of occu-
rence end migration of artificial radionuclides =nd ita varia-
tion In landscapes.

Aa the migration of radiohuclides depends on many factors
and is obgerved in various natural environment, =0, to assess
the environmental conditions of the region, the information
from & meriea of souree maps which iclude topographic, geo-
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logical, hydromeological, geomorpholog Eh graphie, colid
runoff, vegetation, soil and landscapc ones. Aquec - physicel
and chemical so0il iIndices controlling the range and conditicna
of the radionuclide migration in landscapes were considercd too.

Ihe nmigretfion of madionuclides in lendescapes =as studicd
in three aspecta:

- migration of elemente cnd Seochemicanl berriers laterselly:

= mizration of madicnuclides in Terticnl profile ond eoghioe
micol barsdicre iIn soile;

= biomizreticon, zemowml of rodionuclides with wegso:otion, =nd
hiogzcochemicel verriers,

Basing on the above Indiges, five Tpea of Xrochericel
landacapes characterized by similar pirocesscs and conditions
of the radionuclide miration have been ciptinguizhed:

Eluvial type (removal dominant)

A dominant process is removal of raficnuclides with mrialf
and bBlonges of aoricultural slanss. Jiis locodasoene 5S)me A e
zelaied to tarsitorics suowiins s woderate goll - ptificsEidas
onpeaity Tith She ebhesnce of additionsl Tedionuelide implr.
Mmere i oo Jenser of grounduster conterdnetion.

Irangeluvial type (transition dominant)

aximel rgdiconuclide removal with surface and runoff 1z
obaerved in slopes of moreinie plaing. Crop removal of radio-
nuelidesa from =rable lends is more cctive there, than in rclu-
viel landscazes. Landscapes of morainie :plain slopeg are torrl-
tories with the higlhiest =zelf - purificction cepacity, and ithouo
of second floodplein terreces of big ond medium rivers sre cotdi-
tionally related to geochenical landscapea with e high, snd
under foreats - moderate gelf - jurification capacity.

Supersgqustic (accumulation dominent)

Radionuelide removal with egricultural biommssz is rathor
active. Thelr secondary zcocumlation in the sod cover and litfer
should be noteds Similer landscapes can be related to territories
with moderate, more seldom poor self - purification capecity. Lu-=
neraquatic landocapes being cireas of possible aceumilation of
fallen redionuelides cre at the zome time Perritories of <iuir

ot sotive Jemovpl outside the lend=ecep: ophere.
sabecnacie (outsids uhe Iiooc-plaing

Within érained lands the radicnuclide removal from the
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landscape is poasible duc Lo wind erosion and amelioration
flow. In nonaegricultural lands there is & danger of radio-
nuclide washing by groundweterss. Thelr sccumilation in the
aod cover and litter 1s noted.

Subaguatic (flogd-plaoin)

Aceumulation and transition of radionuclides with flood
waters are typical. Removal with agricultural biomass is poor.
Self-purification is due Lo fleod water wash-out.

The sanlyals enrricd ot permita to conclude that the
type of a lendgeapes depends on fthe rate, direction and condil-

tiona of removal and acoumlation of radionuclides in scila
and plantg, which are dne in their turm to both natural land-
scape properiies, and (;cochemieal peculiarities of micrating
elements theomaelven. An fnportant problem of the secondary
roedistribvution of radismiclides can be solved only wlth consi-
dering the lendsenpe - [ecochiemical pattern of contaminated.
territories.
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USE OF REGIONAL AND DETAILED TILL GEOCHEMISTRY IN EXPLORATION
FOR TUNGSTEN IN SOUTHERN FINLAND

PEURANIEMI, V.J, AARIO. R.T,

Heavy mineral till geochemistry was used for tungsten exploration in the volcanic-
sedimentary schist area of Himeenlinna in southern Finland. The area falls within the

hiljarvi ice lobe and was predominantly characterized by deposition during the
gieglafiali::-n. Two of the sites are in cover moraine, one within ground moraine and one
in hummocky active-ice moraine. Altogether 3500 ht%y mineral till samples were
gathered from a depth of 0.5-1 metre from an area of 2700 km? using a sparse samplin
grid. Some deeper test pits were also dug using a tractor excavator, mainly in ore-critic
areas, A denser sampling grid was employed in areas where ore boulders or mineralized
outcrops were known to oceur.

The heavy minerals were concentrated in the field by sluicing with a riffle box and
then panning. The wet-sieved -2 mm fraction was concentrated, dried and sieved into
two subfractions: <0.5 mm and 0.5-2 mm, and the number of scheelite grains present was
counted. The concentrations of 30 elements were analyzed by XRF.

Conventional fine fraction till geochemistry was used in the detailed phase of the
exploration. In some places a very dense Mmplir;? grid was adopted (point spacing 5 m)
in order to obtain an exact picture of the dispersal pattern.
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The hen'?' mineral geochemistry results showed that the sampling density used (0.5-2
samples/km=) was generally satisfactory, so that at least one sampling point would hit
the dispersal train. One scheelite deposit known earlier from an outcrop (Hieronmiiki)
was nevertheless not found by means of this regional sampling grid. This deposit is
located in the cover moraine area, where the glaciogenic dispersal was from 10-30
metres to 200 metres.

Another scheelite prospect, also situated in the cover moraine area (Vahervuori; not
on the map), was found in the form of a one-sample heavy mineral anomaly, A narrow,
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coherent fan-shaped tungsten anomaly 600 meires long was located in the fine fraction
of the till as a result of detailed prospecting.

Omne of largest and most intensive scheelite anomalies ever found In Finland occurs
aroend Lake Tomijirv, The area can be regarded as a ground moraine with a
moderate thickness of till. The small drumlin field nearby is indicative of an active ice
flow. The tungsten content was highest in the fine fraction of some of the sieved till
samples from Témajérvi and in the coarser fractions of some others. Thus the
behaviour of scheelite in the face of glacial milling differs from that of sulphide
minerals, which are very guickly ground to a fine grain size, as also seen at Tomajarvi.
The influence of sampling density on the form and size of the predicted heavy mineral
anomaly could also be tested at Tomajarvi.

The heavy mineral survey revealed a clear scheelite dispersal train in the active-ice
hummocky moraine area of Kanajirvi, whereas the dispersal pattern in the fine fraction
of the till was quite incoherent.

Several promising scheelite occurrences were found as a result of geochemical

loration. The scheelite deposits of the Hiimeenlinna area are mainly of two types: 1.
Scheelite in skarn rocks within the basic voleanics, and 2. Scheelite disseminations and
parallel bands in the basic volcanics. It maibt said on the strength of this research that
the Himeenlinna volcanite area is one of the principal tungsten provinces in Finland.

Heavy mineral till geochemistry is a [ast and reliable method for exploring vast areas
of glaciated terrain for scheelite and also for other weathering- resistant heavy ore and
industrial minerals.
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DISTRIBUTION OF SELECTED MAJOR AND TRACE ELEMENTS IN THE
VOLCANIC HOST ROCKS OF THE RIO TINTO MASSIVE SULPHIDE
DEPOSITS

PIANTONE P., FREYSSINET Ph., SOBOL F. LEISTEL J.M.

Available data on the study of hydrothermal haloes shows that numerous geochemical
indicators can serve as mineral exploration guidelines. This work presents the resulls of a
lithogeachemical study carried out on the mineralogical and geochemical signatures of the
basal volcanic formations (footwall) in the vicimity of the Rio Tinto massive sulphide
deposit (part of the South Iberian Pyrite Belt of late Proterozoic). The behaviour of K,
Mg, Ba, T1, Sb, Sz and Rb in the proximal and distal host rocks of the massive sulphide
body was studied.

The massive sulphide bodies in Rio Tinto are hosted by acidic volcanic formations
(rhyolite to dacite) made up of pyroclastite, breccia and lava flows and domes that crop
out in an east-west antichne. Samples, were colleted solely in the footwall of the
mineralized bodies from the mineralized zone outward for several kilometres, The
neogenic minerals formed after the deposition and emplacement of the volcanic rocks
result from two successive events : (1) a hydrothermal alteration related to the massive
sulphide emplacement, and (ii) a greenschist-type metamorphic alleration.

Three major alteration facies are distinguished on the basis of petrographic stucdies and
whole-rock chemical analyses: (1) a feldspathic facies (albite and/or K-feldspar) with
subordinate white mica, (2) a mica-(chlorite) facies, and (3) a mica-abundant facies
corresponding to the inner haloes of hydrothermal alteration around the massive sulphide

Man elements in the footwall voleanics show significant anomalies related to the
:gdrmh::rmﬂ alteration and sulphide deposition. The highest concentrations of the
alcophile clements (Mo, As, Cu, elc.) are located in the inner part of the halo, close (D-
500 m) wo the massive sulphide body; their distribution is very erratic and shows a "nugget
effect”.

The elements in the aluminosilicates and carbonates show more regular positive
anomalies (e.g. Mg) or negative anomalies {e.g. Na) extending over several kilometres.
The MNa, Mg and K distribution anomalies are explained by a leaching of the volcanic
rocks in the hydrothermal zones with a partial redistribution due to mineral neogenesis.
The Mg anomalies in the outer zone of the hydrothermal halo can be explained by a
precipitation of  sea-water Mp in alteration phyllosilicates.

A second type of anomaly with 5b and Se representative of a probable scarce
distributed sulphide phase appears as well kilometric regular haloes superposed on the Mg
anomaly.

Tl ?cprmu a valuable proximity pathfinder. But two contrasted T1 behaviour can be
distinguished: Hm?!g proximal anomaly with TI/Rb = 0.23 and weak distal anomaly with
TRb = 0.6 x 0= . The first group (micas carmers) was obtained from rock that had
been strongly altered under high-temperature conditions with high water/rock ratios. The
second group (micas and K-fedspars carriers) derives from rocks which are weakly or not
disturbed by the feeder zone.

The hthogeochemical study has revealed several hydrothermal-alteration pathfinders
that resisted 1o later metamorphic events. In a homogeneous hithological background, the
positive (Mg, Sh, Se, TI) and negative (Na) anomahes resulting from hydrothermal
alteration around the Rio Tinto massive sulphide deposit are sufficiently strong 1o be used
as pathfinders of hydrothermalism in the footwall formations. The haloes show: (i) an
inner zone (0-300 m) m wich the rhyodacite has been leached of Na (total feldspars
breakdown) in favour of Mg and K (strong aluminous white micas neogenesis), (i) an
outer zone (1000-2500 m) characterized by stronger Fe-Mg white mica neogenesis, albite,
as well as the presence of 5b and Se enniched sulphides.
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