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FOREWORD 

The Geological Survey, Prague (Ustredni ustav geologicky) 

together with other geological institutions of Czechoslovakia 

have organized the 14th International Geochemical Exploration 

Symposium of the Association of Exploration Geochemists (AEG) 

and the 5th Symposium on Methods of Geochemical Prospecting of 

the International Association of Geochemistry and Cosmochemistry 

(IAGC), Working Group Geochemical Prospecting. 

This volume contains the abstracts received by the end of 

May, 1990. The Organizing Committee would like to thank the 

authors for their contributions to the Symposium. 

The submitted papers have been included into the volume even 

if some of them are not directly related to the major topics of 

the Symposium. Such papers may sometimes generate new ideas or 

new research approaches. 

The contributions were arranged into individual thema'tic 

blocks to make the volume easy to use. However, the classifica

tion is only approximate since some abstracts cover several topics 

or correspond with none of the given topics precisely. 

The contributions have been published as manuscripts submit

ted by the authors. The editors board (J.Janatka, I.Barnet, 

T.Hlavata and E.Jelinek) holds no responsibility for contingent 

imperfections of individual papers. 

Major scientific results of the Symposium will be published 

in the Proceedings by the beginning of 1991. If you are interested 

in publishing your contribution please turn to the Editors Com-

mission. 

The Organizing committee welcomes you to Prague and wishes 

you all the best. 
FrantiSek Mri1a 



RADON RISK HAPPING IN CZECHOSLOVAKIA 
Ivan Barnet 

Geological Survey Prague, Czechoslovakia 

In 1989 the radon risk mapping project started in Czechoslovakia. The joint project of Geological 
Survey, Prague, Uranium Exploration, Liberec, Geophysics, Prague and Faculty of Science, Charles University, 
Prague is aimed to produce radon risk maps of the western part of Czechoslovakia (Bohemia and Moravia) in 
the scale of 1:200 000 till the end of 1990. 

The radon risk maps will be delivered to authorities of urban planning to eliminate the building 
activities in the most hazardous areas. The district centers of Hygienic Service will employ the radon risk 
maps when planning the indoor radon measurements and considering the necessary sanatory works in houses. 
Paralelly the site investigations in the scales of 1:10,000 to 1:1,000 are performed by Uranium Exploration. 
In advance some municipal authorities require detaiLed measurements at the building sites of nursery 
schools, basic schools and family houses. 

l. 

2. 

3. 

4. 

5. 

6. 

Data used for radon ri~ maps construction 
Field measurements of 2 Rn in soils- performed by SAN method {alpha card modification, developed 
by Uranium Exploration Enterprise}; 
Airborne radiometric maps (Geophysics Enterprise}; scale 1:200,000 (total gama activity) and 
1:25,000 (K, U, Th spectrometry); confining the areas of enhanced natural radioactivity; 
Database of Uranium Exploration Enterprise - catalogue of natural and man-made anomalies, 
environmental impact of uranium exploration; 
Geological maps (Geological Survey)- scale 1:200,000; lithology, areal distribution of granitoids 
and rock types with enhanced radioactivity; tectonic setting; 
Pedological maps (Geological Survey) - scale 1:200,000; types of soil cover; types of weathering 
crust; areal distribution of rocks accumulating radon (river terraces etc.); 
Hydrogeological maps (Geological Survey) - scale 1:200000; areal data on transmisivity and 

permeability; confining the areas of permeable rock types. 

In some geological units there is a lack of primary radiometric data. These areas are covered by 
measurements located on the test sites representing the prevailing rock types (at least 15 to 25 
measurements on each test site). The reliability of radon risk maps in the scale of 1:200 ODD was tested 
by comparing the results of field radon measurements. The comparison has proved a good agreement with data 
expressed in radon risk maps. 

The regional stage will be followed by radon measurements in a more detailed scale according to the 
demands of Local municipal authorities. In this stage, the indoor radon data, data on radon in waters and 
building materials will be taken into consideration to evaluate the total radon risk. 
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'i ECHNOGENl C l-'0LI.U1'l0N OF THE BAIKAL LA.Irn BASlll SNOW COVER WITH CHEMICAL ELEMENTS 

~ladimir F. Belogolovcv, Alexander Yu . Zyablitsev, Alexander V. Tyzhinov, 
Burya t Re search Centr e , SB, USSR Academy of Sc iences 

1'he urgency of atmo~pheric pollution s tudy in tbe water-protected zone of Baikal 
Js determined by : 

- the regional character of the most dangerou~ crisis situations because of direct 
influen ce s ( Ar al, Chernobyl, Alyas ka , etc.); 

-· the priority of inorganic polluters (lead , zinc, fluorine, etc.) considered "eco
logically the moot dangerous ones" for Baikal; 

- t he complexity of prognosi~, control and influence control on atmosphere, especi
ally for Baikal l imnoclimete . Atmospheric proces s es considerably determine the relations 
in the region ecosystem upon which and this way its stability depends. 

In 1987-1989 on the terri tory of the Ba i ka l water-protected zone a snow geochemical 
survey on a small scale (1 sample/200 s q. lan) wa s made. The results obtained are the 
first estim~tion of atmo5pheric pollution according to depositing medium realized in spa
ce. The contrastive multi-measured anomalous geochemical field was found . Its size is 
from 10 to 00% of the whole territ ory, the contras tity is by 2-5 orders more, in some ca
ses exceeding t he maximum concentrations for water and soil. The usual polluters are sul
phate ion, nitra tes, lead , vanadium, copper in f iltrate and lead, zinc, copper, vanadium 
jn solid sediment, and specific one for the region is fluorine. The influence was estima
ted according to the values of the summery index of pollution and technogenic load. The 
structure of technogenic geochemical anomalies epicentres in some cases adds to the ideas 
of position and parameters of the concentrated ant hr?pogenic influence places. 

With the help of the snow geochemical survey on a middle scale (1 sample/1 sq. km) 

the structure of technogenic geochemical field of the main industrial centres was deter
mined. The t emporal divis ion jnto districts was realized. As fo r Ulan-Ude 65% of its ter
rit ory i e modern pollution, 10% is a stable one and other 10% is a r elic one. 

The f ormation of groundwork fall on the snow cover is connected with the f a r trans
fer from t he west direct ion. The highten ed accumula tion s (deposits) of dustgasthrowinge 
jn be twe en mountain depressions are connected with the high potential of atmospheri c pol

lution. Thus, the determination of a special zone of nature use is expedient, including 
t he Baikal lake and n e ighbouring hollowa. 
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THE USE OF LAKE SEDIMENTS alRES TO MAP ENVIRONMENTAL OtAHGE IN ONTARIO; CANADA 

John A.C. Fortescue 
Ontario Geological Survey, Ministry of Northern Deve lopment and Mines, 77 Grenville Street, Toronto, Ontario 

Canada M7A 1W4 

Examples will be described of the use of lake sediments cores (1) to describe the pH history of acid 
Ontario lakes during the past 100 years and (2) how pre- and post-Ambrosia lake sediment core mate rial may 
be used to map areas where increased leve ls of As, Pb, Cu , Ni and Zn (due to antropogenic fallout) occur 
in surface sediment . Results of recent pre- and post-Ambrosia based, regional lake. sediment geochemical 
mapping near Wawa, Ontario, will be descri bed to illustrate how base li ne geochemistry can be successfully 
completed in a reas of significant metal pollution. Some implications of this research in relation to global 
change and global geochemical mapping will be discussed at the end of the paper. 
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k t:RCliRY HALOES IN THE ATM>SPHERE [GEOCHEMICAL AND ECOLOGICAL ASPECTS] 

A l ~x nder A Gcneyev , N1cola J R. Hashjanov, Vladimir v. Ryzhov , Sergej E. Sholupov, Gleb D. Oveshnikov 

Len1ngrad State Uni versity, USSR 
and 

Nina A.Oze rova 
Institute of Ore Deposits Geology, Petrology, Mi neralogy and Geochemistry of the Academy of Science, USSR 

There are two practical aspects i n the atmospheri c mercury investigations: ore, oil and gas 
explorat ions on mercu ry haloes in the atmosphere and the environment pollution control. 

It is known that mercury is a universal element - ind icator of endogenic ore deposits and its vapours 
form ha l oes i n soil and air.Recently new regularities of mercury distribution in oil and gas basins have 
become available and the understanding of 'global · mercury geochemistry has improved [N. A. Ozerova, 1986; 
N. A. Ozerova et al. , 1989]. 

Mercury is the priority pollutant of the environment since directly or ind irectly this element takes 
part in many technological processes. A major proportion of mercury transfers from anthropogenic sources 
to deponent components of the environment [sediments,soils and biota] through the atmosphere. 

In the Leningrad Uni versity the original technique of direct [without sampling or pre limi nary 
enricl'vnent] determination of mercury concentrat ion in ambient air or in complex gas mixtures has been 
elaborated. It is based on di f ferent i al atomic absorption spectroscopy . Hi gh selectivity of analysis is 
provi ded by Zeeman or spect ral - phase effects [G.B.Sveshnikov et a l. ,1980; A.A.Ganeyev,Yu . I.Turkin,lg89]. 

Reali z ing these techniques portable spectrometers permi t to carry out the geochemica l survey in rea l 
time wi th low l imit detection of mercury in a i r. There a re back-pack and he l icopter ve rs ions of our 
instruments. When natu ra l gas is ana l yzed hi gh selectiv i t y is allowed to avoid the inte rference of matri x 
on resul ts . Special techni ques have been worked out for the detection of some vo latile mercury components 
and fo r analysis of mercury isotopes in ore minerals. 

Natural investigation has s hown that mercur y vapou r haloes in the atmosphere are the pathf inder of 
most types of the e ndogenic ore deposits unde r various landscape, geochemi cal and cl imat i c 
(subarctic,moderate and arid) conditions. In o re distri cts the helicopter surve y can help to locate the 
pe rspecti ve plots where o re objects may be discovered by the detail geochemical and geophys ical methods. 
Other types of the vehi cles give us the possibi li t y to map regional haloes connected wi th the deep faults 
on the continents o r the oceans. 

Direct determinati on of th is me tal in hydrocarbon gases shows the increas i ng mercu ry concentration 
in number of gas and oil f ields. Thi s reason and existence of atmospheric mercury haloes over the gas
penetrated faul ts gi ves the possibil ity to use the metnod i n question in oil and gas explorations. 

Anthropogenic mercury emi ssions have been 1n•, est1gated by means of a helicopter , car and ship survey 
near the local and d istr ibuted sources . Some examp les of t he differential atomic absor ption spectrometers 
;;pplication to exploriltlo r. geochemistry and atmosphere pol lu tion contro l under var ious cond1tions are g iven . 
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A PHYTOGEOCHEMICAL METHOD FOR STUDYING HEAVY 
METAL alNTAMINATIONS OF THE TECHNOSPHERE 

A.V.Lapo and M.S.Vdovets 

All -Union Sci entif i c-Research Geo logical Institute 
Leningrad, USSR 

A phytogeochemical method occupies a special place among various methods used for studying 
contaminations of the technosphere; it gives i nformation on heavy metals which are involved in the 
biogeochemi cal cycle and ore, therefore, especially dangerous for man ' s health . 

Cadmium, mercury, lead, zinc, copper, nickel and, possibly, cobalt and antimony contents in plants, 
are determined, apart from phys io logi cal demands of plants, by contents of these elements in envi ronments 
(Adriano, 1986; Kabata-Pendias, Pendias, 1985) . This conclusion is a methodo logical basis both for 
phytogeochemical method of prospecting for base metals and for the same method used in technospheri c 
studies. The experience gained in prospecting phytogeochemi stry, however, has a limited s i gni ficance for 
technospheric contamination studies since metal bearing so lutions travel from bottom to t op during the 
formation of dispersion haloes associated with ore deposits, whereas technogenic heavy metal contaminations 
are largely affected through air (Golenetsky , Malachov,l985). For this reason the phytogeochemical prospec
ting predominantly deals with plants with a root system that grows downwards , whereas technogenic studies 
are focused on plants with a subsurface root s ystem and horizontal rh izomes . A. L.Kovalevsky (1984) has 
proposed to divide bi oobj ects (includ i ng plants) i nto a) barrier- free; b) practically barrier-free ; c) 
barrier and d) background barr i er bioobjects, depend1ng on their ab i li ty to concentrate microelements . The 
possibility of the usage fo r technogenic contamination studies is i nc reased from background barri er to 
barrier-free plants . 

Studies of technogenic heavy metal contaminations by the phytogeochemica l method are implemented 
by comparing heavy metal contents in plants of the same name within the studi ed background areas. Plants 
that are selected as biogeochemical indicators must have the hi ghest values of heavy metal concentration 
coefficients, must be widely spread i n t he a rea unde r study and posses an adequate phytomass. 

The following plants can be used for heavy metal contamination technospher i c studies in humid 
moderate zones by the phytogeochemica l method : the pi ne-tree (bark , branches, cones, need les), the Eu ropean 
fir-tree (branches), the gray alder-tree (bark, leaves ) , the aspen (bark), the cordate li me-tree 
(Leaves), the mountain ash (bark), raspber ry-canes (sprouts), red bi lberri es , bi Lberry-bushes, officinal dan
delion , wormwood, d ioecious nettle a nd creeping clover (the who le surface part i s stud i ed for shrubs and 
herbaceous pl ant s ). Out of the listed plant speci es we can choose a s tandard set of plants of different 
s tages (l-2 species for a stage) , depending on the composit i on of vegetat ion in the s t ud ied area. Thi s 
provides certainly an information on the environmental heavy metal contamination. 

From phytogeochemical stud i es in the Baltic i ndus tr i al areas a t echnogeni c lead-z inc-nicke l-copper 
association with weak correlations, which i s invloved in the biogeochemical cycle, has been recognized . ·The 
phytogeochemical method gi ves information on technogenic heavy metal contaminations for the live-period of 
the studied plant organs , whereas studies of l itter, for the s ame per i od (for its initial plant remains) 
and for the formative time of litter studies of soils yield informat i on on the whole period of soil 
formation, of snow , only for winter months of the year . Comprehensive studies of a ll Listed technospheric 
components may provide the most complete informat ion on the state of environments . In monitoring it is 
recommended to combine the phytogeochemical method wi th geochemical studies of the snow cover . 
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REGIONAL SlltEAM-t:ltAINAGE HYlJI)- AND UTHOG£OCHEIUCAL SURVEY FOR ORE EUMEifT 
_, Emt..DGICM. ENVIfOIEJJT EV"I.IMT'l1* 

I.A.Luchin. v A Komarov 
NPO "Rudgeof'i z i ka" , Leningrad , USSR 

Large-scale multi-element hydro- and lithogeochemical survey is an effective and cost-saving tool, 
which a llows both to evaluate ecological envirorrnent and to delineate areas of anomalous natural and 
t echnogenic toxic concentrations including radionuclides and s.tuffs used in agro-industrial complex . 

.----_..The sampling materials are water and bottom sediments (fine-grained and thermomagnetic fractions) . 
The survey density is about 1 sample per 100 sq. km . 

The effici e ncy of hydro- and lithogeochemical surve y depends on the following factors : the 
homogeneity of sampled geochemical mate rials , low sampling density (1 sample/ 100-120 sq . km), high depth 
of' investigation , the possibility of s i multaneous multi-element determi nation and quantitative resource 
evaluation of each e l ement anomaly obtained over a given d rainage s ystem . · 

The survey can be conducted over the known ore regions to re-evaluate their resources and to 
estimate the raw material potential for mining industry of a region . 

Results of such a survey are used to delineate anomaly areas of thousands and ten thousands sq. km 
with element concentrations exceeding background values by a factors of 5-10 and more. 

The methodology of survey developed in the Soviet Union involves quantitative resource evaluation 
for a range of elements . The results of covering a mill ion square km with surveys i ndicated that all 
economically s ignifica nt deposits occur within hydro- and lithogeochemical anomalies . The ca l culated 
esti mat es for known and potential resources are nearly equal . At the same time there exi st such anomalies, 
which have not bee n explored yet and which s hould be the target of future investigations . The results on 
Au , U, Mo, F,etc . a re of s pecial interes t . 

Data on macro- and microe lement water content obtained during the survey can be used for ecological 
eva luation of a reas investigated . 

It i s s upposed to cove r a ll accessible r egi ons of the country with regional hydro- a nd 
lithogeochemica l s urveys . 
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GEOCHEMISTRY OF TEQCNOGENESIS 

Lukashev V.K., Institute of Geochemistry and Geophysics of the Byelorussian Academy of Sciences, Minsk, USSR 

Fersman (1955) recognized technogenesis as a major factor in geochemical studies of the supergene 
environment . Lukashev (1980) and Lukashev and Lukashev (1980 a,b) developed Fersman ·s i deas further and 
defined geochemistry of technogenesis as that branch of geochemistry which deals (1) with the role of 
mankind in those geochemical processes involving the migration, dispersion and concentration of chemical 
elements and compounds in the hypersphere (specifically the biosphere); (2) in the alteration and 
transformation of this zone from a natural to a technologic state; and (3) in the formation of new natural
technologic systems and areas with different geochemical properties and environmental parameters. The 
general and principal goals of technogenic geochemistry is the uti lization of the body of knowledge gained 
by science and technology as a whole, and by the Earth sciences in particular, in order to understand the 
Laws governing the development of the biosphere (also called noosphere), and to control processes operating 
in the biosphere on the basis of a better understanding of the mechanisms which control geological and 
geochemical development in nature. In view of the above, systematization of human impact factors on the 
environment and an estimation of their geochemical effects, are of primary importance. 

The present state of technogenic geochemistry can be characterized, in general, as the stage of 
"geochemical inventory". It consists of detailed data collection for all elements in the periodic table and, 
primarily, geochemical mapping of affected environments. The Latter is represented by maps of element 
distributions in soils and streams of urban areas, as well as maps of element d istribution in snow and 
vegetation covered areas, etc. These maps are of great importance for detecting man-induced (technogenic) 
geochemical halos, estimation of the environmental conditions, and in making Logical ecological decisions. 
This is illustrated by several maps showing the distribution of Zn, Pb, Cu, Cd, Hg, Bi, W, etc . in urban 
areas (towns) of Byelorussia. 

The inventory also involves investigation of the global and Local migration cycles of technophilic 
elements, determining those factors which characterize the formation of technogenic anomalies in the 
vicinity of particular industrial complexes, and analysis of various industrial effluents and wastes. 

Various kinds of aerosol-trapping devices, chemical assays of shown and dust, and a r ange of 
biological methods particulary involving Lichens, assist in evaluating the quantity and effects of aerosols. 
The epiphytic Lichen Hypogymnia physodes was used as the test material and selected element distributions 
were mapped. 

Monitoring of the environment requires the rapid est imation of the metal contents of air and water, 
the rate of their uptake, and knowledge of their modes of occurrence. To achieve this goal, the author and 
his co-workers employ various kinds of artifical sorbents to monitor heavy metal contamination of water and 
soil (Lukashev, 1987). 

Of great importance are the Landscape and geochemical zoning maps of the Byelorussian area, 
especially when these are integrated with Quaternary geological characteristics, bedrock composition, 
geomorphological processes, water and climatic conditions and vegetation characteristics, as well as maps 
of the industrial complexes with particular attention to affects related to their economic development. 

The Lack, or excess, of some chemical elements in the environment are significant geochemical 
factors to be considered when studying endemic .diseases. In recent times, technogenic pollution of the 
biosphere by vast amounts of chemical compounds from industrial wastes , automobiLe exhausts, domestic 
garbage, toxic chemicals, etc., has tended to enhance the development of such diseases. In certain 
countries, higher rates of carcinogenic, cardiovascular and other disease have been ascribed to the above 
effects. 

Research performed by Byelorussian scientists (e.g. K. I. Lukashev, 1984) has demonstrated that 
oncological diseases are related in some way to Low radioactivity in the environment, pesticides contained 
in foods, the nitrate content of water food, residual traces from nuclear tests performed in the 1950"s, 
heavy metals ,etc . 

The impact of Chernobyl on the ecology of the BSSR is very serious. Haps show that radioactive 
fallout covered the reg ions with high and Low cancer rates. This formed a mottled and complicated ecologi cal 
environment. Only in 12- 15 years it will be clear whether radioactivity essential l y affected cancer rates 
in the BSSR . There are different opinions among scientists concerning this problem. 
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ECOLOGICAL-GEOCHEMICAL EVALUATION OF URBAM SOIL CONDITION 

I.K.Nezhdanova, Yu.P.Suet in, G.B. Sveshni kov 

Leningrad State Uni ve rsity, USSR 

Under the i nfluence of anthropogenous acti vi ties the natura l eco logical systems are be i ng replaced 
by the agroge nous and technogenous ones wh1ch acquire new geochemical features. The most intensi ve 
transformation of envi ronmental geochemistry takes place in the t echnogenous eco logical systems - i n cities, 
urban zones, because these are the places where the most active various and large- sca le anthropogenous 
pressures on the original landscape occur. Taki ng for example the large cities wi th numerous and various 
industri al and munici pal enterpri ses we can study these ma i n tendencies which seem to be spread over the 
vast areas and in some extent over the who le biosphere. The evaluat ion of ecological-geochemical conditi on 
of urban l andscape can be based on the study of geochemi cal element content i n soils . It accumulates the 
material corresponding to the whole period of city's existence and reflects the processes of geochemical 
evolution of technogenous ecological systems, which were installed in the past, exi st in the present time 
and will exist in the future . As a resu lt of technogenous influence, the original geochemi cal f ie ld , 
peculiar to the given geochemical province and corresponding to the region, is being transformed to the 
mosaic set of technogenous anomal fields, comparat ively small in size but having var i ous associations of 
elements and their content levels. The distribution of discovered technogenous anomali es over the city's 
territory is connected with the disposition of i ndustrial zones and bu ri ed dumps, i ndustrial and munici pal 
wast es and a lso corresponds to the age of specif ic city regions i n accordance with the f o llowing princi ple : 
the older is a region, the more alterated are soils. 

The technogenous soils are characterized by the redundant zona l soils of a wide range of rare and 
dispersed e lements in comparison with the typical soils . In the technogenous geochemi cal assoc i ations the 
role of technophyl e elements , having in natura l soils low Clarke concentrat ions, is i ncreas ing . The 
occurrence of negative anomalies for a number of elements and the great d isba lance of microelements, which 
undoubtedly transmits to the cont i guous spheres including livi ng organisms l i ving there , i s characteristic 
of the technogenous soils. The exi stence of the ·'forbidden' · geochemica l associat ions and the large 
contrast and complexity of discove red anomal fields appeared to be an important feature of t he technogenous 
landscapes . Such geochemical parameters of urban inhabitance environment as the redundant and insufficient 
content as well as the disbalance of rare and d ispersed elements create the pre r equisites for the occurrence 
of wide range of a man pathologies, called microelementoses. 
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6EOI..OGICAL AND ENVIRONMEMT-fa:LATED RESULTS OF THE REGIONAL GEOCHEMICAL AND HEAVY MINERAL PROSPECTING 
IN THE ERZGEBIRGE MTS (GRO) 

Palchen, W.; Ossenkopf,P. 

The Erzgebirge- Vogtland regi on in the GRO was covered by g~chemical stream sed iment survey and 
heavy mineral panning. The sampling dens i ty was 1 to 2 samples per km . Stream sediment (fraction -0 . 2mm) 
was anal yzed fo r 17 elements and stream water for F, pH and electrical conductivity. In panned heavy mineral 
concentrates roore tha.n twenty mi nerals were determined semiquantitative ly. 

Despite some changes of absolute concentration of elements by different supergenic processes the 
geochemical features of outcropping rocks are clearly reflected in the secondary environment, e . g. basic 
and ultrabasic rocks by high content of Cr, Ni, Ti; pyroxene , ilmeni te± oli vi ne ; parametamorphic rocks 
(phyllite, mica schist, gneiss) by different concentration of B, Ti; granites of Younger Var i scan intrusive 
complex by evident geochemical and minera logi cal specialization (Sn, Li, F, Be, cassiterite, topaz, 
fluorite) . Mi nera lized areas are very wel l ind icated by association of characteristic elements and minerals, 
e.g. tin mineralization by Sn , F, Li, W, Be, cassiterite, topaz , fluor ite; polymetallic veins of quartz
sulphide formation by Pb, Zn, Cu , As, and near the source area also by sulphi de minerals; barite-fluorite 
veins by Ba, F, barite , fluorite . Areal distr ibuted minerali zat ions with a wel l-developed primary halo (e.g. 
Sn, W) are well reflected in the geochemical or heavy mineral maps, whereas vein mineralizat ion (especially 
barite vei ns) show only poi nt-shaped anomalies of hi gh contrast . 

Natural supergenic environment is indicated by pH in stream water and by some characteristic element 
associations in stream sediment, especial ly Mn-Co-Ni±Zn±Be. Local anthropogenic influences are recognizable 
by samples with erratic anomal contents for .. civili zation .. e l ements (e.g. Pb, Zn, Cu, Sn), by slag globes 
and metallic chips and wires i n t he heavy mineral concentrate. Intense catt le breeding effects high values 
of electrical conductivi ty in stream water. 
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Me rcury in atmosphere over rural, urban and Industrial parts of Zagreb city 

Ladislav A. Palinka§ 0
, Sergei E. Sholupov ••, 

N ikolai R. Mashyanov •• Goran Durn • and Slobodan Mlko 0 

• Mining-Geology-Petro leum Engineering Facul ty, 

University o f Zagre b, Pierottijeva 6, 41000 Zagreb, Yugoslavia 

u lntitute of the Earth Cr ust, University o f L en ingrad, 

Univerzitetskaya neberezhnaya, 199164 Leningrad 8-164, USSR 

Key words: Mercur y, Atmosphere , Pollution in Zagreb, Zeeman atomic absorption analyser. 

Permanent increase of inorganic solid and gaseous pollution in atmashere aver inhabited areas, caused by 

uncontroll ed growth of cities and unpl anned urbanization in st ricktly industrial regions w ith still "dirty" industr y, 

makes a serious ecological problems. Me rcury is also one of the most dangerous pollutants in modern human 

e nvironment and study of its concentration, distribution and environmental c ycles is of primary importanc e . 

in recent years Zag reb cit y encounters severe pollution p roblems in aquatic, terrestrial and a tmospher ic environ

ment. A random or permanent monitoring of some imrganic gaseous po llutants in a tmosphere h as a l ready been 

organized and published elsewhere. By means of a sophisticated mercury vapor analyser with a Zeeman effect 

background corrector , however, continuous registration a long two traverses (monitor ing routes) over the atmos 

phere of Zagreb city has been e laborated fo r the fi rst time. Recent development in construction of sensitive 

and select ive mercury va por anai ysers enables measurements of background values and pollution control in 

rural and urban a reas. Continuous regis tration of mercury in ambient a ir in the research has been per for med 

by a Zeeman atomic absorption analyser wi th attached circulating cell in the compartment between the light 

source and mirror and by air pumping at a r ate of 4 I min -I. 

Data, presented by geochemical contour mapes, show strang anthropogenic infl uence in the Zitnjak industrial 
-3 area. The anomaly h igh 105 ngm Hg, on the 21 October m oved slightly to the downtown by change of wind 

-3 direction on the 31 October. Intensity raised as much as 155 ngm Hg, IS t imes augme nted in compar ison to 

a background Villue on the Medvednica mountain. Explanation should be sought in denser public traffic , change 

of wind di rection and lowering of atmospheric pressure. 

The presented re seardl is an attempt to record possible anthropogenic infl uence, backraund values and rough 

dist ribution of mercury. Future measurments wi ll be taken more comprehensivel y regardin length and di rection 

of monitorinq route s and dif ferent weather conditions fo r better understanding o f pollution precesses, sources 

and construction of poll ution m<Jps. 
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LANDSCAPE GEOCHEMISTRY AND ENVIRONMENTAL PROBLEMS (mothodology, theoretical bases, practical U:Jage) 

A.I.Pere lman, A. B.Anokhi n, E.N .Borisenko , N. B. Lamakina, A. E. Samonov, 
IGEM, Moscow, USSR 

1. Geochemistry of landscape has a fundament al meaning for so lv ing problems of the env1ronmcntal 
geochemistry - st ruggle against pollution . Presentation about geochemical defe rentation of the biosphere 
and neosphere, conception of the geochemical barr i ers i n the concentration of the matter of pollution a re 
important. 

2. Techno logical pollution of the same sources (rni lls and factories, roads , agricultural landscape, 
c ities) is d ifferent in the va r ious geochemical conditions: tundra , taiga , step, desert, hills , plateau , 
badlands, pl ains, regions wi t h basa l ts, granites, sands, limestones , s hales and other roc ks . Therefore for 
so lving problems of the e nvi ronment geochemistry needs landscape-geoc hemi stry mapping . Models of such maps 
of diffe rent parts of our country are c reated by authors. During these i nvestigat ions geochemical 
classification of anthropogenet i c landscapes are provided . 

3. The theory of the geochemical barriers i s qu i te meani ngfu l fo r the fi ght against pol luti on of 
nature. On the geochemical barriers an i nc rease of the geochemical anomalies occurs which leads to t he 
higher quality of the geochemical monitoring, reduction of the quantity of the samples and improvement of 
their informat ion . local ization of the po llution occurs on the geochemica l barr i ers . On account of this 
problem i t is necessary t o create artific ial geochemi cal barriers. The exper ience with such investigat i on 
in the different regions of the USSR i s very great . The earl i er establ i shed t ypes of element concentrations 
on the geochemical barriers may be used i n the fight against pollution. The types of concentrat ion depend 
on landscape-geochemistry condit ions and t ype of pollution . 
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Since the early 1950s exploratior geoch{;mical ~urveys have been carried out on a variety of surficial 
materials in Nova Scotia. To date mo~t l,r this effort has been directed exclusively at resource potential 
applications w ith the intention of stimu la ting development in the mineral sector of the economy. During 
this exploration phase a11 extensive geochemical database has been collected. A t~aditional mineral 
producer, Nova Scotia has a high populatio, density sharing a relatively small area. This demographic 
reality exacerbates a land use issue often represented as a conflict between the desire for a clean 
environment versus the need to generate wealth from the abundant mineral resources of the province. The 
impact of mineral development on the landscape and quality of life is an important environn1enta! issue in 
North America and especially Maritime Canada. 

Most geochemical exploration activ i t~ ha:: ..:un.:cntratcd on stream or lake drainaec systems by sampling 
sediments and(or) <;urface watf'r.•. l Jke and :>\ream catcl>ment basins .ue important repositor ies of 
geochemical informatioJ'! coo.cern.ng th~ "'Olll~lvsit"cn ~r d ch~ r.,neristics of the ir drainage areas. Modern 
dra inage sys tems can be considered dS mass sl >r:•6e de. i,;es (Ogden et al., 1988) which contain the 
' geochem ical genetic code' for each catchment. The extcn~ion of the catchment basin concept t0 
exploration geochemi:;try (Bortham-Carter et al '987) forms :1 bridge to environmental geochemistry. This 
paper will consider studies of a numl'>er of ca chmerJt ba•.",•" in Nova Scotia . 

One of the principa l aims of (>xploration ger,ch•~mistry is the estimation of geochemical backgwund to 
define threshold levels and ind;~.1tt ano·nalies Recognition of 'natural' backgro und levels in surface 
materials of variou.; elements is neer1ed to define baseline element levels and p rincipal controls and to 
monitor change!> in the ecosystem. Widely different element levels can be found in stream a nd lake systems . 
It is poss ible to define various natural and imposed geochemical controls present in stream and lake 
drainage systems. Principal ~eochemical factors governing background levels include :atchmcnt lithology, 
chemical mobiii ty, and disper:;ioi1 and dilution of metals during transp0rt. pH i~ :>ne of t he most active 
geochemical factors and also the one most readily affected by impvsed external loading such as from 
acidified rainfall. To estimate the pH effect on heavy mernl mobilities. b<Jckrround levels and vector 
properties of these metals in natural systems must be eluchi<Jteo. 

Catchment basin analysis (CBA) has been used to .:ha•acteri;:~ h~tckground ! or 1500 stream sediment and 
water samples from the Cobequid Highhnds. flnckgroPnd is ,.,,..,Jelled for elemen! concentrations in stream 
sediment as a f unction of the areal p1 oportion tlf n :1 J U!lit:. ·.'l ;•. nng within each catcr ment basin. Step
wise regression uses areal proportions nf 11lfifll'•' t' ur111~ JS mdepcndcnt variable~ to model geochemical 
background for Cu, Pb, Zn, Ag, Fe, Mn NJ, ( r , s IIg , li ·wri Mo in sedimer1t ar.d IJ, F and pH in \·Ja ter 
for each of 65 mapped lithologic units ~:1' "lntcd bad:gr0u'ld levels for each map unit nre given as 

. weighted means for each element The mode·• I crchy determines a measure of the association between the 
geology and surficial geochemi!'trv. Volc:1ri" ~·1<1 grani•ic. • ntt<> 0f the c~ntral upland core have much 
higher background levels for n1o•t clr tnenl! when coml':\.c·J l\l other units After subtraction of 
background the residual vari~nce of ·ate! me bns;n~ .cv·~:±ls area~ cf anomalies, which as elevated 
concentrations could be seen as pot'·n 1:1! h37 '\rtt· I" '"rms of heavy metal content. The CBA model a lso 
distinguishes var iance due to :-cavenging by Fe :'lnd Mn and pH eifect:.- on !he mobilitv of elements such 
as U, Mo and As. Catchment basi.! plrm f<H t!tes...: el~>mer.ts clearly outline the pH response in terms of the 
underlying geology. 

We call attention to, ai1d illustrate. t\\O H1'pOrt:lnt properties of !imni1 wstems: 

(a) Catchments •.vith definable sub-\'':.l!er~ht"d~ :~n :;now d i5tincuve biostra tigraphic :-~nd geochemical 
signatures t hroughout the lake basin. '\e t:.kst:nbt' ')ctdicr Lake, ~alifax County, Nova Scotia (Ogden and 
Rogers , 1988) wh ich has a hydrogen •on tH.] t.!r t..:••nt from distinct sub-watershed units ranging from 0.7 
J,~eq L.1 (pH 6.2) to J02.3 J..leQ L·' (pH 2.91.; ~l..;ss t•n'r.nce studies (Ogden and Machell, 1985) indicate 
retention (presumably by deposition) of ~3% of AI, 6~% of organic C. and 85% of Fe en ter ing the lake. 
O utlet pH values or 4.6 (25.1 J..leq L·') imply neutral iz:..tton ()f 38% of !he [H . ] entering the lake. We show 
the presence o f distind geochemical ;,;nd bi0~1·.~ .grapi1i.: (diatom) domains related to water chemistry, 
independent of regional (allocthonous) pol!cr !~1·osit. n. 
(b) Sediment cores from three connectec! lai<r n:~s ins in thr St. Margaret's Ba; :tre?. Halifax County, Nova 
Scotia, which have shown substantial acidificatior . -.nth rll vJiue~ from 6.0 to G.' in 1979 and from 4.8 
to 5.6 in 1987, reveal four gocchemically (and •>wsrratigr:~nlucally ) dir.t1nct honzuns or zones: 
(I) Initial (ca. 12,500 RYBP (Radi11carbon 'y\. _ lJ.~·u· Prrspn~l) ":gh energy 1neltwater deposition of 

l R.R. 4 Shuben ocadlo . N.S. BON 2HU 
2 Department C'f iHo logy, !Jelhu\.lu 4.P lfu.vu r ~oit.t. flalJ 'lll.7.. ~lo•, S •JI ··~·· ~Jl 
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coarse (sand and gravel) sediment including a large proportion of extra-catchment materials, with little or 
no organic matter. 
(2) A silt to clay transition horizon (ca. II ,500 R YBP) with very little organic carbon and very low 
hydraulic permeability (Ogden, 1986), which effectively seals an initial catchment geochemical signature 
unaffected by biological modification. 
(3) A mid-postgalcial period of warm/dry conditions (3500-5500 RYBP) of reduced hydraulic throughput, 
increased organic production, and longer water residence times which provided increased opportunity for 
organic/inorganic geochemical interaction. 
(4) A post-colonization period of increasing anthropogenic influence, land disturbance, and changing 
atmospheric geochemistry. · 

In the St. Margaret's Bay area, development and construction activities have been primarily limited to the 
Five Island Lake catchment area, and are mostly residential and seasonal cottage developments. A number 
of new residential developments are currently under way in this watershed and may be expected to change 
both runoff and water quality as development pressures continue to affect many of the present 
hydrogeochemical parameters. With increasing acidification we infer the development of geochemical 
deposition domains in these lakes in future, similar to those described for Soldier Lake. 
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RELATIONSHIPS BElliF.EN ENVIRONMEMTAL AND EXPLORATION 
GEOCHEMISTRY, ILLUSTRATED BY SEDIMEMT- IUITER I NTERACTIONS IN 

A DESERT STREAM CQNT~ .. INATED BY MINE WASTES, ARIZDMA, USA 

Donald 0. Runnells 
Department of Geol ~-l Sciences, University of Co l orado , 

Boulder, Colorado, 80309-0250 

INTRODUCTION 
Boulde r Creek comprises one of the major watercourses in an o t herwi s e arid region of western 

Ar izona, USA. Areas of the dra inage of Boulder Creek a re hi gh ly mi neralized a var i ety of metals. The 
abandoned Hills ide complex, on t he banks of t he creek, includes taili ngs, wast e piles , and collapsed adits 
and s haft s. The mine, whi ch ope rated from the 1880's to the 1950 's, extracted chi efly gold and s ilver, with 
quartz, pyr ite , and arsenopyri te as maj or gangue mi neral s. A va ri ety of o t her prec i ous-metal and base
meta l ores from the surroundi ng region were a lso processed at the mi ll . 

Seepage of met al- r i c h waters from tailings a nd f rom a co l lapsed ad it enter the s tream at two 
di stinct poi nts. At s easonal low water, heavy precipitates of Fe , As, Al, Cu , and other meta l s form almost 
i nstantaneously below the points at which the contaminated waters mi x with creek water. The l oss of metals 
from the water is clearly mi rrored by the gain of metals in the stream sediment . 

COM ci TlONS OF WATERS 
Water in the upstream non-polluted portions of Boulder Creek has a pH as high as 8 . 5 , alkalinity 

up to 282 mg/L as CaC03, and is rich in dissolved oxygen . The water is predominantly Na-Ca -HC03 i n 
composition . A maximum concentrat ion of 315 mg/L TDS was measured in the upstream portions of t he stream 
at low water in August . The high rate of evaporation causes an evaluation in chemical composition of the 
stream water simi lar to the chemical evaluatton of waters i n a lka line lakes. 

Below the mine and mil l complex the a l kali ty, bicarbonate, and pH decrease, with i nc reases in 
sul fate, TDS , and disso l ved a nd part i culate metals. Two distinc t see pages from t he mi ne and mill wastes into 
t he stream can be recognized. The first and most important is an ac idic seepage from t he base of the 
uppermost tai l i ngs pi le. This water has a pH of 2.4 and total concent rations (i n mg/ L) up t o 8550 TDS , 5240 
504 , 260 Al , 34 As, 100 Cu, 610 Fe , 52 Mn, and 92 Si. The tailings s eepage appears t o be oxygenated , with 
i ron in the Fe ( III) state . Filtration using a 0 .45 um memb ra ne fil t er s hows that f rom 30X t o 95X of the 
meta l i n t he seepage wat er is in di ssolved form, depending on the meta l. 

The second s eepage comes from a collapsed mine adit downstream an addit ional 1250 meters . The wat e r from 
the collapsed adi t has a pH of 5.4 and contains total concentrations (in mg/L ) up to 2640 TDS , 1480 504 , 
21 As,68 Fe, 45 Hn, 9.5 Zn , 19 Si, but non-detectable concent rations of Al and Cu. The adit wate r is lower 
in oxygen than the tail i ngs seepage, with iron largely in the Fe (II) fo rm. 

As t he seepage waters mi x with stream water, heavy precipitation occurs . Immediately downstream from the 
tailing 
s eepage, a heavy floc of redd ish-brown material forms , and dur ing low-water it qui c kly settles t o the bottom 
of the stream. Chemtcal analysts shows that thts materi al is mainly i ron oxyhydroxide, enri c hed in As and 
504 . About 20 meters f art her downstream a heavy greenish-whi te precipitate forms and is rich in Al and Cu . 
However, at a distance of approximately 1100 meters downstream, the wate r is clear , the pH has again r i sen 
to 8.4, a nd most of the metals have precipitated . 

It i:1 obvious that the alkaline, oxygenated water of the stream is high l y effective i n caus ing t he 
preci pi tation and remova l of t he most toxic metals a nd thus allowing a rapid recovery of t he s tream.Such 
a rapid recovery wou ld certainly not be the case for less alkal i ne, mo re dilute streams i n a mo re temperate 
climate. Fo r example , in the mountains of Colorado , USA, severe cont ami nati on of st re ams may extend for 
ten~ of kilometers below simila r point sources of aci d-mine d rainage. 

Upon entry of the seepage wat ers into ~ulder Creek, Fe and As are the fi rst metal s to precipitate, 
fo llowed by Al and Cu , with Mn , Zn, and Cd being the most mobile. Lead is undetectable in t he water, despi t e 
t he f act that it i s abundant in the waste tailings ard i n the stream sediment . Depend ing on the s eason a nd 
t he metal, as much as 90X of the meta l transported 1n the stream water i s i n par ticulate f o rm. 

The participation and rerroval of dissolved meta l s from the water is very c learly r eflected by 
increases in the metals in the stream sediments at the corresponding locati ons . Computer modeling (WATEQF-
Pl~--er et al ., 1976) s uggested that the Fe-r1ch precipitate is probabl y a jarosite and that the Al-r1ch 

precipitate is probably ju rbanite, in agreement with simt lar studies by Nordstrom (1982), Chapman e t a l. 
(1983), Filipek et al. (1987), and Karathanas1s et al. (1988). Dur i ng periods of high flow, the meta l 
content i n the sediment may be lowered by orders of magn itude due to mixing, dilution, and cover i ng with 
normal sediment from the drainage basin. 

SUMMARY 
Although the main purpose of th1s investigati on was environmental, the resu l ts have si gni f i cant 

impl icati ons f or geochemical exploration t ~ arid regions. In particular, the rapid loss of met a ls from the 
water suggested t hat prospecti ng in ar i d climate ~hould ut1Lize the stream sediments . Zi nc, Hn , and Cd are 
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the most mobile of the met a ls i n the water and yi e ld the longest dispersion trains. Seasonal fluctuations 
in water flow exert a major influence on the geochemistry of the water and of the sediment . The dilution 
and mi xing of sediment during periods of high-water flow indicate that exploration using stream sediment s 
i n a s imi l ar region wou ld be most effective during low-wate r flow. 
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PROSPECTS AND METHOD OF SOIL-GEOCHEMICAL MAPPING AS A 
FUN~TAL STAGE ON THE WAY OF SETTLING ENVIRONMENTAL 
PR>BLEMS AND RAISING THE AGRICULTURAL LANDS FERTILITY 

F.J.Saprikin, N.A.Selenkov 
ALL-Union Scientific research Institute, USSR 

The distinctive Noosphere peculiarity is an appearence of additional technogenic pressure on 
biosphere , which influences much mo re than all natural processes all together. 

Ecosystem: soil-plants-Living o rganisms is exposed to the most active influence. The topsoil, which 
has been formed for tens and hundred thousands of years is destroying by man for months and years. 

It promoted by : 
1. Engineer- technical transformations: building of Large industrial enterprises, reservous, electric 

power stations, minerals exploitation, especially, open-pit mines etc . All that changes earth caner 
structure at a depth of 200-400 meters. According to UNO information 2-3 billion tonnes of rocks are moved 
every year in the process of building and stripping; 

1 .1 . Unwise realization of melioration leads to swamping or graining of large territories; 
1.2. Moved up rocks and wastes of ore-dressing plants occupy Large territories, as a rule, 

agricultural lands; 
1.3. All this results into sharp reduction of t he agricultural land s tock of the USSR . So, if in 

1960 there were 1,03 hectare of arable Land per head, just by 1980 - 0,84 hectare. It also helps increasing 
t o a number of people. Reduction of the stock, especially, can be sensed at the industrial regions of the 
country . So, in Leningrad region there are 0,07 hec tare of arable land per head. It should be also added 
that producti vity of the USSR Lands is 2,2 times Lower than in USA . 60% of arable Lands of the USSR are 
situated at droughty and half-droughty zones. 

2. Soi L-eaver pollution by dust and smoke outbursts, especially in large industrial center's 
suburbs, where, as a rule, most of agricultural enterprises, supplying inhabitants with food-stuffs are 
situated : 

2.1 . System of automobile roads which are crossing arable lands, pollutes soils with exhaust gas, 
as well as unwise use of chemicals and fertilizers. Their surplus , carried out from Light mechanical 
structure soils to subsoil matters make them useless for drinking, while their earring out to rivers and 
reservoirs leads to eutrophisation of the last ones. 

3. To settle environmental p roblems and to rai se agricu l tural Lands fertility a speeded up method 
of soils culturing and ra ising their fertility was offered , based on st ructural reclamation, where removed 
rocks, concentrating mill's waters , agro ores of non-conditional deposits and rocks , capable to keep 
moisture, igneous rocks, glauconitite sends and others as well as wastes of metallurgical and of con
structional materials industries are used as reclamation substances. This method is marked by the bronze 
medal of the USSR Exhibition of economi c achievements. 

3 . 1. To select the definite (rec lamation substances) for sci ls a sci l-geochemical mapping i s carried 
out. Mechanical composition of soils and content of microelements there, as an index of degree to provide 
normal or abnormal vital activity of organisms i n biogenet ic food chains: rock-soil-vital organisms- is 
taken as a principle of this method. 

3 .2 . Reclamation substances carrying into soils result in improvement of their water-physical 
characteristics. It helps to raise sharply agricultural productivity and its quality and also makes it 
possible to decrease the amount of fe rtilizers carrying into soils, to reduce expences and uti lize mining 
and processing industries wastes. It al lows to use released te rritories and to improve much environment. 
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EMYIIoetENTAL GEOCHEMISTRY OF A LARGE INDUSTRIAL CENTRE IN THE IOJNTAINS OF THE CAUCASUS 

B.A. Sudov 

Caucasian Inst1tute of M1neral Resources , Tbilisi, USSR 

1. Combined ecological a~ geochemical research has been carried out in the t erritory of the city of 
Tbil isi occupying about 250 km i n a low-mountai n relief area (350-1100 m abo~e sea level} i n the r. Kura 
valley. The climate is semi-ari d ; the l andscape predominantly contai ns theCa+- Na+ - class of elements 
migrat ion . The c ity is a large i ndustrial centre of Transcaucasia, its chief industries being machine · 
bui lding, machine- tool building, instrument bui lding, civil construction, electrotechnical, chemical, 
t exti le and food industries . The city is served by s everal heat power stations us i ng d i fferent kinds of fuel 
(coal , oil , gas}. The motor traffic is exceedingly heavy . The population of Tbili si is 1.+million people. 

2. The studies involved the general contents of chemical e lements (3580 samples} and their mobile phase 
(1160 samples} in soils, surface waters (80 samples} and in a temporary snow cover (35 s amples} . It was 
found that the content of 23 elements exceeded the soil clarkes. Concentrations of a number of elements 
(lead , mercury, copper, nickel, chromium, zinc} are significantly highe r than their admiss i ble li mits . 
The levels of manganese, vanadium , mol ybdenum, silver , barium, cobalt, scandium, tin and zirconium are much 
higher than the soil clarkes. 

High lead, cobal t and manganese contents exceeding the maximum admissi ble l imits in water, we re 
observed in the Kura and its tributaries . 

The snow cover analysis evi denced that the concentrations of titanium, i ron, lead, zinc , antimony, 
cadmi um also exceeded the tolerable limits in many sites of the c ity. 

3. Technogenic geochemical anomal i es , amounting to 142, were d i scovered a ll ove r the c i ty area, being 
associated wi th the parti cular industries pol luting the environment , where the indust rial emiss ion into the 
air was predominant. The d istri bution of the pollution is rel ated in the first place , with the va lle y 
circulation of air-masses. The steep mountai n slopes are a lso important, since they hinder the upward 
technogenic migration of elements . 

The investigation results make it possible to concentrate intently on t he most important problems 
of geochemical monitoring of the Tbi lisi environment and a re highly significant from the methodological 
points of view for industrial centres si t uated in similar Landscape condit ions . 
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REGIONAL ENVlAONMEJfTAL GEOCHEMICAL STUDY IN CHINA; SOME ElWFL.ES 

Institute of Geophysical and Geochemi ca l Explorati on Langfang, Hebei 102849 P.R.China 

Relationship of the background value and d1stri but1on pattern of some trace elements w1 th the 
growing and harvest1ng of crops, the occu~rence of esophagus cancer, hypertens1on and dlabetes d1seases we re 
s tudied in an area of more than ten thousand square >·m 1n Ou1nglong, Hebei by making use of the data of 
regional stream sediment survey in 1 200,000 scale. rhe results indicted that the content of Cu, Zn, Co, 
8 and Mo is in close relatlonship with the growing a nd harvesting of crops. Agri cultural environmental 
geochemical maps of these elements were drawn. It was also found that regional geochemical background value 
and d i stribution characterist ics of Mo are related to esophagus cancer to a certain extent, a nd Cr to 
hypertension or diabetes, and some potential di s tricts of l ocal diseases were predicted. 

Geochemi cal soil and hydrogeochemical survey investi gat i ons were carri ed out for Local d i seases i n 
an area of 720 square km i n Sanhe , Hebei. The results s howed that content of iodine i n so i l and groundwater 
is clearly negatively related with the Local go i ter d i sease . The content of available form of fluorine in 
soil and that of fluorine i n groundwater are pos i t i vel y related with Loca l fluorine-poisoni ng disease. 
The distribution di stricts of these two diseases are basically correspondent t o the vari ati on of iodine and 
fluorine i n soil a nd groundwater . 

Geochemical characteristic of d i fferent med i a, including sci l, groundwater, surface water and crops, 
have been i nvestigated 1n an area of 1 , 300 squa re km i n Zhengzhou c i ty and its s urrounding, Henan Provi nce 
of Chi na . It has been discovered that the content of Hg, se, Cd, Pb and Cu are dist i nct l y increased in soil 
layer near surface in the district irr i gated by sewage, which reaches Light-middle envi ronmental 
pollution . The contents of As, Sb, Cu, Ph, S, Fe and Ca were obviously raised i n the district i rr i gated 
by water of the Yellow River, these elements ma i nl y come from mining acti vities in the upper reaches of 
the Yellow River. According to the differences of the content of Si, Ti and Fe between upper and basal 
Layers of soil, it was found that the area of sandy loam (or sandy land) has a trend to extend continuously . 
Some ideas for controlling environmental po llution and deterioration of soil have been suggested to the 
Local government. 
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GEOGHEMICAL W.P OF THE REGION OF T.I:IE BAIKAL-A!lUR RAILWAY (GEOCHEMIC.tL ZONATION AND 
'Llb""TAl..LOGEnlC CONCLUSIONS) r----~-----

C ~ ~ ~alavioaky, V . • M~ksim~vaky, V.S .Pevzner, V.E . Rudenko , All- Union 
Ge ~logical Institute, Leningrad, USSR 

PJJyelemental geochemical map of the Baikal-Amur Railway region on 1 :3 ,000 ,000 

s cale on the structural-formati~nal basis, i ncluding about 40 structural-formational 
comlexes of various ages was compiled on the basis of principles of geochemical map
ping, developed in the All-Union Geol~gical Research Institute (VSEGEI). Geochemical 

of t' ..1 > ... ~t' .al geocllt 1 ... 11 l!'ap refl~:~cc types o:f ge::>cl.emical associations 
o•' !' f'm rts Pd levels (R) of thE-ir e.ccumu1atiJn relative t~ a clark K (R < 1 .5 K; 
1." K ~ R ~ 2 .:;, K; n. 5 K -:ot R <.. 5K; R > 5K) in the structural-formational comple
es and ge~lobical formations with 1n ac·ent on revealing of geochemically specialized 

~· nt1 1 o~r. ~ ~- orcforl!'log elements . Such ~eol~gical 
formations (R ~ 2 .5 K) occupy about 20% of the territory of this region . 

e po_ Alem~rt~l ~eJ~hemical mgp sb~wea that es3ential geoche-
oic'll :Ustincti:ms between separate geoblocks and their fragments accumulated i n the 

ror.e::J. o .. ;~ o 1 l .. velooment ~" the region !rom the Early Archean thr~ugh the 
~o o.r , This data serve as a basis of zonation of the territory distinguishing the 

s truct ures in the rank of geochemical pr~vinces, districts . (z~nes) and regions. 
Geochemical units are in the definite hierarchial relationships with ge~l~gical and 
metallogenic structures; in particular geochemical provinces are of the same rank as 
folded districts a?d platforms as well as metallogenic provinces, which gave the 
possibility to impr ove some debatable boundaries between geol~gical and metallogenic 
structures of the region . 

Geochemical units in the rank of provinces and dis t ricts are c~nfirmed in 
var~ances of geochemical z~nation of the t erritory, when geochemical informati~n is 
summarized from structural-tectonic units (anticlinoria, sinclin~ria and so on) 
either from data of ore e lement distribution in the local concentrations with R >10 K 
(deposits and ore manifest ations). In the general case at the level when contents of 
oref~rming elements are higher than clark (R > 1 .5 K), the geochemical field of the 
region of t he Ba i kal-Amur Railway possesses heterogenious struc ture. Almost every 
structural-formational complex is individual from geochemical viewp~int, i.e. it is 
characterized by one, two or more chemical elements with their weighted average 
contents in geological formations higher than 1.5 K. 

Geochemical s tages which age b~undaries are determined by the change in 
geotectonic r egimes are distinguished in a history of geological development of this 
region . 

Inheritance of s~me ge ~chemical characteris t ical properties of the primary 
pr otoc rust compositi on from epoch t~ epoch is establisjed on the :me hand, and 
widening of the spectrum of oreforming elements involved into geological processes 
and hence and increase in diversity of mineral deposits on the other hand. 

Analysis of relationships between geochemical and metallogenic structures shows 
that geochemi cal regi~ns, established by l ocal c~ncentrati~ns, and metall~genic zones 
correspond to each other most c ompletely. When passing to the level of geochemically 
specialized geological complexes, this relati~nship weakens: the type ~f association 
is the same, but the spectrum of oref~rming e l ements is changed . These data enable 
to distinguish bew potential ore-bearing structures in the ranks of ~re regi~ns and 
knots . 
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STRUCTURAL-GEOCHEMICAL MAPS OF ORE DISTRICTS 

B. I. Burde 
Far Eas t Insti t ute of Mineral Raw Mater ials , 

Khabarovsk, USSR 

The paper d i s cuses t he application of cartographic methods of investigations for delineati ng 
geochemi cal fi e lds of epigenetic ore occurrences that have hydrothermal-metasomatic origin. Such 
inves t i gations employ modeling based on the experience f rom s tud i es of tin and rare met al ore districts . 
The model of the hie rarchical geochemical system whi ch is la rgely controlled by linear structural e lements 
is outlined as certain principles. Elementa r y geochemi cal targets are delineated inc luding the i r temporal, 
gene t ic and spatial relations, the hierarchy of the t argets, relat ions between the zonati on , continuity and 
transfonnat ion a t different hierarchical levels Periodical structures a re most import ant among symmetry 
phenomena . 

The rela t ion bet ween the structura elewents of geochemi cal f ields and productive ~tal contents 
permits making t he level prognos is for o re occurrences and evaluating the extens ion of mi neralizations . 

The structural -geochemica l map, on t he whol e, i s a model for the geochemical s tructure of the field 
of the superimposed metal occurrences . Structural-geochemical maps on 1:50,000 and 1:25,000 scales for some 
ore districts in the Far East are demonstrated. 
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bulk of geochem1cal mapp1ng ca. •led out n •he USSR ~ rOM the fift1es up to e1ght1es 1s the 
survey c:omb1ned w1 th comp'li"lg geologica, map on 1 2' 0 000 scale Th1s survey was largely 
Je rfor o • hb secondar• environments {soils, bottom scd •ment~ or , more rarely , water and vegetation) 
by semi -quant i tat lve spectra l a nalyses nd was a imed at solv1ng research tasks . I n recent years ecologi cal 
tasks were added to them. he above survey covered o ,e 50~ of the Sov1et Union. The survey resulted in the 
compilat ion of a number o f mono- elemental and cotnplex prognos1s-geochemical maps. Together with these maps 
auxiliary maps , as a rule , are compiled, showing the geochemical coverage and Landscape-geochemical 
regionalizat ion in terms of app lication of geochemica l methods. 

Speci al - purpose geochemical maps have been campi l ed i n the past years to solve research, eco logical , 
scientific and methodolog ical tasks . These also include maps of ecological troubles morbi dity, snow
geochemical , atmogeochemical maps etc . Their common sca le is 1 :50 ,000 and Larger . 

,-------_.Genertil gee ~lea, maps ror Lhe who.e ~ou"ltr or arge reg1ons as a rule, are ~de at I • 
o 00 o ~a Maps for ~oL10 rocks show geochem1cal patte rns o f structural-format i ona l zones and 
geo logi cal complexes. They are usua lly accompani ed by geochemi cal reg ional ization schemes which i dentify 
geochemical p rovi nces and zones, deep faults and e pi geneti c process types (Geochemi cal map o f the Ukra ini an 
crystal line s hield basement, 1: 1,000,000, V. K. Titov , l 984 ; Geochemical map of the Eastern Baltic shi e ld, 
1: 1, 500 ,000, VSEGEI, 1967,etc .). An example of t he gene ra l map showing secondary environment is the 
Hydrogeochemical map of the Sovi et Union , 1:10,000,000, VS EGEI, and landscape-geochemical maps of the Lower 
Don and Northern Caucasus, (1:500,000, V.A.Alekseyenko). 

Complex mu lti-purpos e geochemi cal surveys at i nte rmed iate (1 :200 ,000) and smal l (1 : 1,000,000) scales 
re under way or planned usi ng secondary environments (Uzbekistan , Southern Si beria, etc ) he ma1r• pur rose 
s to ev~Luate the ecologica, and ~grogeoche~ c state at a•n r8gions (Uzbek1stan , 

etc.) . In t~1s respect, of particular 1~portance is a proJeCt of comp1.1ng a geochem1ca. 
n1on at the 1:1,000,000 scale wh1ch 1s expected to be accomp 1shed by 1995'.~--~-------~--~1··~~--~~ 
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AIRBORNE RADIOMETRIC MEASUREMENT AND ITS USE IN CZECHOSLOVAKIA 

Karel Dedscek, Geofyzika Brno , Czechoslovakia 
Milan Matolin, Jindrich Rejl , Faculty of Science, Charles University, Czechosl ovakia 

A systematic a irborne radiometr ic and magnetic survey has been performed in Czecho
slovakia since 1957. At the present time the airborne gamma-ray spectrometry survey is 
carried out by Geofyzika Brno. The airplane AN- 2 is equipped with a 256 channel Geo
metries GR-BOOD airborne gamma- ray spectrometer with detector Nai(Tl) 33 . 6 litres, air 
radon correction unit with Nai(Tl) 4. 2 litres , an automatic energy gamma spectrum sta-

40 . 
bilization based on 1460. 8 keV K peak and an electronic navigation Mini Ranger III. 
The calibration is carried out over three natural test strips, the height of contemporary 
survey is 80 m, profile separation 250 m, aircraft speed 150 km h-1 and data are r egiste
red digitally in 1 s scans. The computer data processing yields maps of contours of K, U, 
Th, their ratios , maps of total count and ternary radioelement maps . The resultant standard 
deviation of data are 0.1% K, O. J ppm eU, 0.1 ppm eTh and 0.7 Ur, the mean deviation of 
navigation is 20 m. The original recorded data and the resultant concentration of K, u, 
Th in a net 125x125 m, oriented N - S, are stored in a data bank . The map of radioacti
vity of rocks in Czechoslovakia is based on the airborne TC radiometric measurement from 
the period 1957 - 1972 , the detailed airborne gamma-ray spectrometry covers approximately 
50 % of the area of Czechoslovakia. 

Airborne radiometry has been applied in geological investigation and for monitoring 
the radiation of environment. 

The regional investigation of radioactivity of rocks in Czechoslovakia yielded 
basic data on the natural radioelement distribution in magmatic, sedimentary and meta
morphosed rocks and in individual geological units , enabled the comparison of geochemical 
features of the Bohemian Massif and the West Carpathians, and outlined perspective areas 
for mineral exploration. 

The uranium prospecting and exploration made use of the regional a nd detailed 
airborne radiometric survey and K, U, Th data processing to specific parameters indica
ting U accumulations . Generally , very few U accumulations were indicated directly from 
the airborne measurements . 

Airborne gamma-ray spectromet ry maps of ratios of the natural r adioelements K, U, 
Th were found indicative for rock alterations sometimes associated with mineralization. 
Positive results were reached in the areas of polymetallic mineralization i n the Jese
niky Mts. (Northern Moravia) and in the area of the Tertiary neovolcanic r ocks in cen
tral Slovakia. 

Airborne radiometric maps were used for defining the levels of natur al environment 
radiation in Czechoslovakia. The mean values of the absorbed dose rate of gamma radia
tion in air of terrestrial origin 19.4 pGy s - 1 in the Bohemian Mass if, 13.9 pGy s - 1 i n 
the West Carpathians and 17. 0 pGy s - 1 in the whole area of Czechoslovakia enable the 

- 1 comparison with the estimated average value 15.3 pGy s for the world . The air borne 
gamma-ray spectrometry analysis of U in rooks is an indir ect data base ! or the compila
tion of the radon risk mapa. 

Airborne gamma- ray spectrometry measurements were used to monitor t he l evel of 
nuclear fallout contamination in selected areas of Czechoslovakia in 1986. Per iodical 
measurements have been carried out in the environment of nuclear power plants. Study 
experiments initiated in 1989, based on airborne and ground gamma-ray spectrometry , 
will enable the airborne quantitative determination of 137cs and 134cs nuclear fallout 

- 2 radioelement& in the nature and their reporting in Bq m • 
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REGIOHAL GEOCHEMICAL HAPPING OF EASTERN MACEDONIA AND THRACE; 
N.E. GREECE 

A. Oemetriades and C. Zangouroglou 

Institute of Geology and Mineral Exploration, 70 Messoghion Street, 115 27 Athens, Greece. 

The reconnaissance stream sediment survey over Central and Eastern Macedonia and Thrace began in 
1971 and was completed in 1980. Its aim was to delineate uranium and base metal anomalous areas. The present 
work discusses only the base metal distribution results (Cu, Pb, zn, Co, Ni, Mn) over Easter Macedonia and 
Thrace due to purely technical reasons. 

The sampling density generally varied between 1.3 to 3.2 samples per square kilometer. The -80 mesh 
(-177 m) fraction was analyzed by atomic absorption spectrophotometry after a partial hot acid (HN03 + HCL) 
extraction. The geochemicaL data were smoothed by a weighted moving average method in an attempt to reduce 
the amount of random error. 

The reconnaissance exploration survey succeeded in delineating a number of base metal anomalous 
targets. The most significant anomalous areas are: Ki rki-Essimi-Vi rini (Cu-Pb-Zn), Xi Layani (Cu-Pb-Zn), 
Thermae (Pb-Zn-Mn) and Palaea Kavala (Pb-Zn-Cu-Mn). Elements such as a Co and Ni were able to map basement 
mafic-ultramafic complexes and Mesozoic to Tertiary basic lavas. 

Element distribut1on maps directly related to the generally accepted phyto-toxic and -deficiency 
levels have been plotted for environmental geochemistry purposes. It is believed that these maps, together 
with the nonnat isopleth element distribution maps used in mineraL exploration, offer the environmental 
geochemist, the agriculturaL scientist, the medical researcher and decision makers in general, a chance 
to study in more detail {a) natural element depletion or excess with respect to plant, animal and human 
health, and (b) the impact of anthropogenic pollution in the environment. 

Finally, it is hoped to present the results of an orientation survey using overbank sediments. This 
sample medium appears to be suitable for the Low density sample scheme, i.e. 1 sample/500 square kilometers, 
which will be used for the preparation of the western European Countries geochemical atlas. The corollary 
of this survey may be that overbank sediment samples should be used by all countries that are participating 
in IGCP project 259 "International Geochemical Mapping". 
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GEOCHEMICAL MAPPING RlR GEOLOGY AND ECOLOGY 

R. I.Dubov 
Tula branch o f Central Sc i nti f i c research 

Geological Prospecting I n• li tute, USSR 

Results of geochemical mapping can be used for the abstract investigation of the territory, for the 
search of minerals for the assessment of the mutual inf luence of the environment on t he man and of the man 
on th~ environment. For such a complex use, i t is reasonable to change slightly the way of mapping. These 
field explo rations, whi ch were done by the search of minerals only on selective areas (atmo- , hydro-and 
biochemical methods) now are desirable t o be done a lmost everywhere together with lithochemical survey . Some 
rise in the cost of explorations is worth it :earli e r, by s earch surveys , the minerals of use were discovered 
onl y on the little part of the area investigated ; now , when the ecological tasks are subscribed, all the 
information about any territory is of use. 

Complexity of the data interpretation for l arge areas requires to conform to some demands. Principal 
of them are the followi ng ones. 

I. Co-ordination of the results obtained by different enterprises on the adjoining areas. 
The practice showed, that in places of overlapping of the survey-areas of different enterprises, 

t he results differ quite often two , three and even more times. To receive sufficiently exact picture, it 
is necessary to apply the new mathematical method, taking in the account the real probabilistic distribution 
of the errors of the samples substance- analysis and of the natural substance fluctuations . 

2. Construction of complete geochemical f ields optimized i n the sense of exactness. 
Display of only the re l atively intensive anomalies points out previously the objects easily observed 

and already known. This is insufficient for finding deep objects by the search of minerals and for display 
of important ecological phenomenons. The maps are to be built in isolines with suppression (smoothing) of 
the random inte rferences (errors and fluctuations) and with indicat ion of the picture exactness achieved. · 

3. Combined interpretation of geochemical and other data. 
Effectiveness of geochemical surveys i ncreases many times if their data a re interpreted jointly with 

the data of other methods. The same fundamental algo r ithms of interpretation can be used in many cases by 
geological search for minerals and by ecologi ca l invest i gations , if to substitute in these algorithms 
corresponding in1tial data and quantaties of outcome. 

It is necessary to make the following remarks. 
Wi despread norms for the environment pollution with separate substances are insufficient for the 

economy optimization. The quantitative assessment of the harmfulness of the real complex pollution in the 
real , specific conditions is needed . Especial l y important is combined interpretation of geochemical and 
medical data and its economic expression . 

Geochemical anomalies, natura l and made by men, of diff e rent substances, often reciprocally overlap. 
Specially developed mathematical method will give the opportunity in many cases to determine the kind, 
ha rmfullness and ecologic-economic loss from the pollution made with concrete revealed sources. 

For instance , in one of the cities the functional connection of the stomach-intest ine sickness rate 
with the pollut ion of t he environment by wastes of t he ashes f rom several boiler plants was found. The 
po l lut ion was di s played on t he maps of Be- and Ag- concentrations i n t he upper laye r of the ground . I n the 
places of the largest pollution the sickness rate of i nhabitants proved to be 6% a year. Acco rding to· the 
found connection, the removal of this pollution ~1ould decrease the sickness rate to 2,5%. 

In other city ·che air- pollution was proved to increase the sickness- and death-rate of inhabitants. 
This pollution is conditioned by the difinite coal, burned in neating and energy-i nstallations. Calculations 
showed that the replacement of the coal by other kinds would improve not only the health of the popula~ion 
but also increase the economic prof i t approximately to SOX of money spent. 

The method described is represent ed in the form of the algor i thms and computer-programmes fit for 
the widespread use by different organizations, 
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GLOBAL GEOCHEMICAL SAMPLING; SOME PROBLEMS AND 
RESULTS FROM FENNOSCANDIA 

Peter Ed~n 
I)eparunent of Goology 
Abo Akademi Universi ty 
SF-20500 Aao 
FINLAND 

The ult imate object of the Global Geochemical Sampling (GGS) program under 
IGCP 259 , is to collec t large composite samples of different materials at 
3000-5000 stations over the whole globe. A pilot project over Fennoscandia 
was initi ated at the Abo Akademi University in 1989. The aim is to collect 
bulk composite samples of humus (A horizon of soil), till from the upper part 
of the C horizon, overb~nk s tream sediments and stream water from 50 
iliainage areas 500-5000 km in si:z.e. 

Composite water samples (0.5 1 month ly at e;<u.:h si te during one year) and 
overbank sediments from two depths are being collected from the down stream 
apex of each area. One kg of till and 1.5 I of humus are sampled at 20 
randomly selected sites within each drainage are.a and these are compositcd 
into one grand sample for each material. 

T he project is fa<.:eu with many problems, both practical und scientific. Stream 
sediments e.g. were abandoned at an early stage, because difficulties in finding 
samples of high quality and in getting sufficient amount of the fine fract ion 
made sampling extremely slow and expensive. It is also difficult to get reliab le 
analyses of the very low metal contents in the water samples . Besides, 
sampling over several countries causes financial and practical problems. The 
oig size of the samples gives problems with containers, transportation. drying, 
sieving, storage, etc. 

At present , chemical analysis of stream water (one sample from each site) 
from Finland and from the northern parrs of Sweden and Norway, and of 
overbank sediments from Finland, are avnilable. The filtered and acidified 
water was ana lvsed with mass JCP and the fine fraction of the sediments 
with ICP afte;r lt~u~h with hut nitric acid. 

The clement contents in both sample types form regional anomaly patterns 
related to ~eological features. The water samples from Norway have distinct 
var iations 1n element ab undunces, depeuding on whether they drairt Upper, 
Middle or Lower Allochton Nappes or t h~ Autochton of the Caledonitles. Ore 
districts in the drainage area are also reflected in elevl!ted metal contems in 
the water. In Finland and Sweden there Kre differences between Archt'an and 
Proterozoic S vecofennian areas and even v.·ithin these major geological domains 
there are variation:;, which in most cases can be related to known geologkal 
features . Areas of sulfide-rich clays and till are reflected in high metal 
contents in the rivers of western Finland. · 

The overbank sed iments also show clear differences between the major 
geological provinces and between area:; of different geology within these. 
Some of the samples seem to be anrhropogenically contaminated, while others 
are affected by precipi tated Fc-Mn-oxides. 
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SELECTING APPROPRIATE SAMPLE DENSITIES IN THE ARID ENVIRONMENT OF A PART OF THE WESTERN UNITED STATES AND 
IMPLICATIONS FOR SAMPLING DESIGN FOR A GLOBAL GEOCHEMICAL HAP 

Maurice A. Chaffee 
U.S.Geological Survey, Federal Center, MS )/£, Denver, Colorado 80225 USA 

A major concern in regional geochemical sampling surveys is achieving the sample density that will 
provide the maximum amount of information relative to the money spent and the objective(s} of the survey. 
The conventional meaning of the term "sample density" is not appropriate for describing surveys in aLL 
areas; two definitions for sample density are suggested. Gross sample density is herein defined as the 
total number of samples coltected in a given area divided by the total Land area of the project. In 
contrast, net sample density is defined as the number of samples colLected divided by the total area of 
outcrop. Gross samples densities are best used in discussing sampling in primarily humid regions, where 
stream channels are generally well developed and integrated. Net sample densities are best used in 
discussing sampling in arid regions, which usually have poorly developed and incompletely integrated 
drainages as well as relatively high percentages of non-outcrop area. 

As a test of the effects of differing sample densities in the arid (<380 mm annual precipitation) 
environment, analytical data for part of the Walker Lake 1• x 2" quadrangle, which lies along the 
California-Nevada border between 38• and 39• North Latitude, were examined in detail. In this area of about 
14,700 km2 , 590 samples of minus 60 mesh (<0.25 mm) stream sediment were composited from drainages 
throughout the quadrangle and analyzed for 36 elements. Twenty-three of these elements {B, Ba, Bi, Ca, Cd, 
Co, Cr, Cu, Fe, La, Mg, Mn, Mo, Ni, Pb, Sb, Sc, Sr, Ti, V, Y, Zn, and Zr) were selected for this study. Data 
for these elements were gridded and contoured to produce 'anomaly' maps. Subsets giving relatively uniform 
coverage of the quadrangle and representing approximately 50%, 25%, and 10% of the original number of 
samples in the data set were then selected and new anomaly maps were made. Maps at each sample density were 
compared to identify the density level at which major anomalies were compared to identify the density Level 
at which major anomalies were no longer obvious. The results suggest that selection of the optimum sample 
density to adequately characterize any given area is difficult and can be influenced by many parameters, 
such as the gross lithologies present; the present and past climate; the relief and geomorphology; the 
size, shape, and range of chemical contents of each geologic unit; the end use of the analytical data; and 
the algorithms used to grid and contour the chemical data. 

Relatively detailed sampling is necessary for geochemical mapping for a regional mineral 
assessment; whereas, considerably fewer samples are generally needed for a region mapping program. In the 
case of the Walker Lake quadrangle, a net sample density of 1 stream-sediment sample/14 km~ {equivalent to 
a gross sample density of 1 sample/25 km2) is considered to be necessary to evaluate the arid part of this 
quadrangle for a mineral assessment survey. In contrast, to deLineate the general variations for most 
elements in this quadrangle on a regional or crustal scale, a significantly lower net density of about 1 
sample/50 km2 is probably adequate. 

At a global scale, no single net sample density will work for all regions of the world because of 
the many different parameters that affect the optimum sample density. As a result, the sample density for 
each region will need to be selected based on the parameters that are most important for that region. 
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COLOR VISUALIZATION OF DATA ON A POLYASSOCIATIVE 
GEOCHEMICAL MAP 

Chebotarjov A.A. 
Geological Institute, Burjat Scientific Center, Siberian Branch of the Academy of Sciences. Ulan-Ude. USSR 

The approach to the visualization of data on a polyassociative geochemical map built on the basis 
of observed chemical elements association mapping and to the drawing up a legend to it is proposed. 

When substantiating the approach the following circumstances haven been taken into account: Objects 
studied by a geochemical mapping are macroinhomogeneities of matter upon the Earth's surface. Any matter 
inhomogeneity can be portrayed by means of a set of chemical elements which contents dispersions are mostly 
characteristic to it. Common tendencies of measuring elements contents to a changeability serve as criteria 
to single out detached combinations - associations among the whole number of studied parameters. 

The principle of mapping presupposes the refusal from a traditional study of structural 
characteristics of geochemical fields on the basis of choosing a background, revealing and mapping of 
anomalous signals etc. Operating with these concepts seems to be inevitable when stating and working on 
special tasks concerned with investigations of dimensional structures of studied parameters fields. But in 
this case either statistically detached associations (e.g. factors in 0-mode} or a vector of normal contents 
dispersion weights are put in conformity to every cell of a regular network. Parameters of network cells 
conform to a sampling step according to a scale of survey carried out. Thus, a mapping consists in 
explaining of an element associations-parageneses change. 

Visualization of Data Mapped and Drawing the Legend 
The change of an element composition of associations is explained an a map with the help of the 

range of colors. Agreed color (unique colour index) is assigned to each element of the Mendeleev's table. 
The color of association is synthesized by combining colors of elements which compose it. Thus, gradual or 
sharp transitions from areas with one composition of associations to areas with another one look like 
correspondingly smooth or contrast passages of some colors to other colors. The color indexes distribution 
scheme on the periodical system is the following: violet, blue and bright blue colors are appertained to 
elements whose atoms_ fill their quant orbits according to the "cupro" model. These are metallogenic 
elements. In endogenic processes their geochemical partner in overwhelming majority of cases is sulphur 
and its analogues. Their natural concentrations and combinations are genetically found in indirect 
relationships with magma crystallization processes. P, S and halogens - green colors. Rare gases are 
colorless. Yellow - elements with atoms of "rar-e gases type" up to the 4th group. Elements with atoms of 
transitional type with filling of inner quant orbits are "colored" by orange and red. These are petrogenic 
elements characterized more often by the affinity to 0, Si and At. Their main quantities and concentrations 
are timed either to magma crystallization processes or visible genetic relations can be found with them. 
Sections of the legend correspond to typical (according to A.E.Fersman} geochemical associations. Every 
section consists of synthetized color images of natural associations characteristic of certain geochemical 
concentres. Algorithms of associations mapping and representing them in color images have been developed. 
The sharpness of abrupt boundaries posing depends on a sampling step only. The example of such a map 
building on one of the regions is demonstrated. 

The principle proposed allows to visualize and make easily avaiLable reading for different practical 
purposes an element composition of associations obtained in fact. 
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GEOCHEMICAL MAP PRO.JECT IN JAPAN 

Shiro ITOH 
Geological Survey Japan 

Preliminary studies related to the geochemical map project of Japan have been started recently by 
the Geological Survey of Japan. For determining the standardized methods concerning sampling, analysis 
and data processing, the model field of about 4 000 km2 located around lOOkm north of the Tsukuba city has 
been sampled for stream sediments with the density of one sample per square kilometer. With the analytical 
method of ICP-AES, some 9 major and 7 minor elements have been analyzed routinely at the rate of 300 samples 
per "''Inth. 

A highly automatized neutron activation analysis has been developed to determine the elements which 
are difficult for accurate analysis by ICP-AES method due to Low abundance. Analytical results of some 
standard rock samples by the method were in very good agreement with reference values. Rare earth elements 
as well as Hf, Ta, Th, U, Zr, Au and Cs in the stream sediment samples from the model field have been 
analyzed by the method at the rate of 50 samples per month. 

The drainage areas which are considered to be represented by each stream sediment sample were 
lineated and converted to digital polygonal data. Analytical data, field data, the polygonal data of the 
drainage area and geographical distribution data of the sample have been stored for use to computer 
processing. In further computer processing, all these data can be combined through sample number. 

Each lineated area is coloured with a different colour according to concentration level of each 
element. A net of 3 km meshes is covered over the preliminary coloured areas. The concentration level of 
elements for each mesh will be given as a mean value that is calculated from the weighted values of samples 
corresponding to the size of area within the mesh. These mesh values become basic data for the further 
statistic calculation and to make various kinds of geochemical maps. 
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SAMPLING DENSITY IN REGIONAL GEOCHEMICAL MAPPING 

T. Koljonen /1/ and E. Malisa/2/ 
1/ Geological Survey of Finland, Espoo, Finland 

2/ University of Oar es Salaam, Dar es Salaam, Tanzania 

Geochemical mapping of whole countries or continents with sampling density as low as one sample per 
several hundred or even several thousand squ~re kilometers has been proposed and vigorously discussed at 
recent geological meetings. Some geologists have nevertheless expressed skepticism about the usefulness of 
this kind of mapping. Skills in regional mapping have increased considerably of late, and we believe that 
much valuable geological information can be obtained through this kind of mapping. We think that these 
studies should be continued and the problems encountered should be studied and discussed more thoroughly 
than has been done so far. 

Finland was mapped with a sampling density of one sample per 300 km2 for the purposes of the 
Geochemical Atlas of Finland. This means that the whole country, altogether about 340 000 km2 , was covered 
with 1047 composite samples of tilt. The density was selected at the ptanni ng stage as an "educated guess". 
The results have nevertheless proved highly satisfactory from the geological point of view, and have 
provided considerable empir-ical information regarding the selection of sampling densities, as we discuss 
here. 

The sampling density in regional mapping needs to be chosen based on large-scale geological features 
and processes, characterizing areas of perhaps thousands of square kilometers, where similar chemical 
compositions are manifested as distinct geochemical anomalies. In our view, the most important variables 
in this respect are 1) the thickness of the crust (10-70 km2), which affects the dimension of magmatic and 
metamorphic rock suites, 2) the breadth of the surface features associated with the collision and subduction 
of plates {20-100 km or more), 3)the distance between a subduction zone and its island arc{300 km) and 4) 
the breadth of mobile belts and rift zones with their associated volcanism (20-100 km). 

Many geochemical features appear as zones some tens of kilometers broad and hundreds of kilometers 
Long. To be visible on geochemical maps, at least 2 or 3 samples would need to be taken in a transverse 
section of these zones. This defines the sampling density to be one sample per 200-400 km2 or less. In 
continental shields, on the other hand, vast areas are covered with silicic magmatic and sedimentary 
rocks of relatively homogeneous chemical composition. Far these to show up on geochemical maps, a sampling 
density of one sample per 500-3000 km2 or more should be sufficient. On the ocean floor the density could 
generally be very Low, possibly one sample per ·10 000 1<.m2 or more. 

Based on the results obtained in the highly metamorphic, Proterozoic- Archaean Fennoscandian Shield 
we propose that a grid of varying sampling density should be used in geochemical mapping when sediment or 
bedrock is used as sampling material. In areas where the variations in chemical composition of bedrock are 
expected to be small, a sampling density of one sample per 500-5,000 km2 can be used, whi~e in areas where 
volcanism or hydrothermal processes have occurred, a density of one sample per 30 - 500 km is recommended. 
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SMALL-SCALE GEOCHEMICAL MAPS: AWAY TO DELINEATE AREAS PROMIS
ING FOR MINERAL EXPLORATION 

T. Koljonen • and E. Mali sa • • 
• Geological Survey of Finland, Espoo, Finland 
•• University of Dares Salaam, Dar es Salaam, Tanzania 

The Geological Survey of Finland has carried out a mapping project to produce, fast and 
economically, geochemical maps covering the whole country. The material studied was the . 
fine fraction of till ( < 0.06 mrn) and the sampling density one sample/300 knf. The maps 
produced reveal that the country can be divided into geochemical domains and these into 
provinces with characteristic chemical compositions similar to those of the bedrock. 

Most of the known ore mineralizations in Finland are reflected in the larger 
surrounding area as above average concentrations of the elements occurring in the 
mineralizations. Reversely, we are proposing that areas promising for mineral exploration 
can be deduced from geochemical maps. This is especially true for hydrothermal deposits, 
since the chemical composition of these differs sharply from that of the common rocks. 

In Finland the following geochemical provinces, are considered the most 
promising to host economic sulphide, oxide, and other mineral deposits: 

- The areas where basaltic greenstones, komatiites, and layered intrusions 
prevail in the northern and eastern Finland. Potential for the mineralizations of Au, Cr, 
Ni, Pt, and Ti. 

- The granulite zone in Lapland. The zone is a boundary between converging 
continental plates. Concentrations of Au, Ni, Cu, and Zn are anomalous in till over a large 
area and although no economic deposits have been found in the Finnish part of it, the 
zone is considered likely to contain gold, sulphide, and other mineralizations associated 
with mafic rocks. · 

- The Lake Ladoga - Gulf of Bothnia zone (often referred to as the main 
sulphide belt). The zone is the boundary of converging oceanic and continental plates, 
which divides the country into the northern (Archaean) and southern (Proterozoic) 
domains. The zone is characterized by elements typical of mafic rocks (oceanic crust)- Fe, 
Mg, Mn, Ni, Sc, Ti, and V - and of hydrothermal formations - Ba, Cu, Co, Ni, Pb, and· Zn. 
The barium in mineralizations presumably derives from a depositional environment, 
because many of these mineralizations (e.g., Outokumpu copper ore) are volcanic
exhalative in origin and were deposited on the sea floor where barium was available from 
sea water and sediments. 

-The volcanic-sedimentary belt of south-southwest Finland. This belt has many 
known sulphide mineralizations and is similar to the Lake Ladoga - Gulf of Bothnia zone. 
The occurrence of polymetallic sulphide ores and granite pegmatites carrying elements like 
Ta, Sn, Rb, and Cs is probable, because over a large area till is enriched in elements 
characteristic of such deposits. 

- The granitoids of central and southern Finland. These granitoids comprise 
suites of rocks of different age and origin, each with characteristic trace element 
composition. They are enriched in such elements as Au, Mo, W, and U. Excluding the post 
orogenic rapakivi granites rich in elements like tin, granitoids occur mixed with the 
gneisses and do not show well up as separate rock units on present geochemical maps. The 
ore mineralizations associated with granitoids will be more easily studied when maps based 
on a sampling density of one sample/ 4 knf become available in the mid-90's. 
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REGIONAL GEOCHEMICAL MAPPING OF GRANITOIDS (MONGOL-OKHOTSK ZOHE) 
P.V.Koval, Institute of Geochemistry, Siberian Br. USSR Ac.Sci., Irkutsk, USSR 

The representation of the geochemical essence in geological objects on the maps is 
a goal of geochemical mapping of primary settings. Compilation of such geologo-geochemical 
mapa necessitates the geochemical sYstematic arrangement of rocks. One of possible 
approaches is exemplified by the map of geochemical types (1:1500000) of the Mesozoic 
granitoids in the Mongol-Okhotsk intracontinental mobile zone. 

The granitoids occupy the area over 150000 km2• They are subdivided into geochemical 
types and important facies. This geochemical classification is based on rock groups and 
families (Si02 as the main parameter), rank of alkalinity (Na20+K20 mineralogical criteria), 
series (K/Na, etc.); distribution of fully mobile trace elements .(Rb, Ba, purtly Sr) and F; 
distribution of accessory trace elements (REE, Nb, Zr, Ta, Hf) defined by the stratum 
composition and alkalinity of the system; the patterns of the geochemical evolution of 
intrusions and associated ore mineralization. 

The next geochemical types have been recognized: palingenic of normal (small scale 
Sn-W mineralization), subalkaline of K-Na (small scale Sn-W mineralization) and monzo
granite (Mo, Au) ranks of alkalinity; syenite-alaskite subalkaline (Zn, Pb, Sn, W, Au) and 
alkaline (Be, CaF2-?) ranks of alkalinity; rare-metal normal (Sn, \'1, Tu, Li), subalkaline 
(W, Mo, Be) and alkaline (REE, Nb, Zr-?) ranks of alkalinity; trachyandesite (Cu, Mo, Au, 
Ag), latite (Au, Pb , Zn) and tholeiitic series; the granitoids of alkaline basite-syenite 
series (REE, Sr). 

The average contents of 45 petrogenic and trace elements in gr~nitoids of distinguish
ed types and facies , as well as the Mesozoic granitoids are evalua~ed considering their 
spatial distribution. 

The analysis of spatial distribution, specific composition and ore mineralization of 
geochemical type associations revealed the main patterns of mosaic-blocky zonation of 
magmatic areas and its relation to the geological structure of the region and location of 
endogenic mineralization in the areas of Early- and Late Mesozoic stages of magmatic 
activity. 

As distinct from the approach of D.Chappell and A.White (1974), this one also takes 
into account the variations of alkalinity and the mechanism of granite formation 
(intensive parameters of systems) and correspondingly provides a more detailed classifica
tion. 

Six basic models of granitoid intrusions (granodiorite, gneiss-~anite, syenite
alaskite, rare-metal, gabbro-diorite-granite, final anchieutectic phases of granitoid 
plutons) have been formulated. They were used to analyse the geolo.gical and geochemical 
specific features of different geochemical types of granitoids and relations between them. 
The basic amount of granite !ormation can be interpreted in terms of two genetic models: 
(i) intracrustal granitization and subsequent transformation of palingenic ~gmas 
generated by mantle and magmatic fluids (780% of granitoids amount), and (ii) crystalliza
tion differentiation (granitoids of the latite, trachyandesite, tholeiite series, final 
anchieutectic differentiates ot granitoid plutons). 
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Pll INCIPLES OF GEOCHEMICAL MAPPING OF GRAlHTOIDS AIMED AT FORECAST 
V.D.Kozlov, L.N.Svadkovskaya, Vinogradov Institute of Geochemistry, Irkutsk, USSR 

At present , the major goal of geochemical mapping is forecast of mineralization and 
so l ution of ecological problems. 

The geochemical mapping of granitoids has some specific features determined by their 
constant spatial relationship with the rare-metal (Sn, W, Mo, rare metals) mineralization 
which, as geochemically proved [1] has genetic essence . Therefore, the geochemical mapping 
of granitoids should be aimed at forecast of rare-metal mineralization. 

The geochemical studies revealed the main indicative role of contents of granitophile, 
including volatile and ore- generating elements (F , B, Li, Rb, Be , Cn, Sn, W, Mo, Pb, Ta, 
Nb , etc.) only with respect to rare-metal mineralization associa ted with granitoids. The 
degree of concentrations of these elements in granites was termed "rare metallicity" of 
granites (21 , the degree of which in a general case is proved t o be proportional.to that 
of ore bearing capacity of intrusions. The non-granitophile Sr and Ba (their concentra
tions are noticeably lowered in rare-metal ore-bearing granites) are also the indicators. 

In accordance with this pattern,the methods of quantitative assessment of rare metal
licity of granites based on their element formulae and the concentra tion coefficient have 
been developed [2] • Considering the indicative role of granitophile elements, as well as 
Sr and Ba, the forecast geochemical mapping of granitoids should reflect particular 
features of these elements distribution. The contents characteristic of the mapped grani
toid fields may be substituted by rare metallicity of granites (number of cl arkes of 
granitophile elements). This allows to avoid producing numerous mono- element maps of 
averaged distribution of indicator elements by producing only an integral geochemical map. 
Because of the granitoid homogeneity the representative data on the average concentrations 
of indicator elements in phase-facies varieties of granitoids under mapping may be obtained 
from a limited number (10-20) of geochemical samples. These data may also serve as back
ground concentrations in solution of ecological problems. 

The approach proposed is used for geological-geochemical survey of granitoid massifs 
intended at forecast and understanding their geochemical infrastructure which is defined 
by geochemical fields of phase and facies granitoid varieties with different levels of 
rare metal contents . The boundaries between the fields are established by geological 
mapping of phase-facies varieties while detailed elaboration of geologo-geochemical mapp
ing is determined by the given scale. 

A number of prospecting targets may be achieved using the above principles of geologo
geochemical mapping of granitoids depending on the map scale. They i ncl ude:(i) to distingu
ish the geochemical areas of granitoid magmatism having an appropriate metallogenic 
specific character (small- scale regional mapping and metallogenic zonation, (ii) to reveal 
geochemical heterogeneity of areas of granitoid magmatism and to rank individual granite 
massifs according to the degree of potential ore bearing (small- and average scale mapping) 
and to recognize massifs of potentially ore- bearing granites; (iii) to reveal the internal 
geochemical structure of indi vidual massifs and the most ore-bearing differentiates. The 
regions of their localization define the position of probable productive mineralization 
(large-scale geologo-geochemical mapping and local forecast of mineralization). 
References 
1. Kozlov V. D., 1985: Geochemistry and ore bearing of granitoids of rare metal provinces 
p. 304 , Nauka, Moscow. 
2. Kozlov V.D. , 1985 : The system of geologo-geochemical assessment of rare-metal ore 
bearing in granite intrusions. Geologicky zbornic - Geologica Carpathica, 36, 3, 315-322, 
Bratislava. 
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SPECIAL GEOCHEMICAL M.A.PPU1G OF COVERED AREAS FOR THE PURPOSE OF PROSPECTING 
FOR DEEP-SEATED DEPOSITS 

Adelaida B. Lobauova, Baltic Regional "MOST" Association, Leningrad, USSR 

When prospecting for deep-seated mineralization, the buried and obscurely overlapped 
deposita turn out to be moat problematic. We have established the relation between primary 
and secondary geochemical fields through a ~ontinuoualy moving flow of diffusing ions. Tak
ing the kimberlite pipes overlain by the traps as an example. we show that the substance 
diffusing towards the surface contains all of those elements which are present in different 
concentrations in orebodies and overlying rock formations. Moving in a wall-boundary layer 

of a fluid film the ions help to preserve the elements paragenesis of or~oodies. This enabl
ed us to formulate the unbiased principles of interpreting the secondary halos of diffusion 
in terms of paragenetic analysis. To detect and interpret vague secondary halos of buried 
ores, we recommend a special geochemical survey to be done with an X-ray fluorescence ana
lysis (XRF) using a field measuring device of RRK-103 11 POISK" type. In this case the salt 
blooms and plants are the best for sampling~ A Ufilm water - plant" natural system proves 

to be highly informative, for the plants are good accumulators and concentration of ions 
from the film water goes unbarred. Because of the latter fact the plants inherit the elem

ents parageneaes of the underlying ore deposits. Reaults of biogeochemical research helped 
to disclose a regularity in the parageneeas correlation between primary and secondary geo
chemical fieldn of diffusion origin, With the overburden of any type being up to )50 metres 
thick .. 

Salt blooms,and aridio plants are extremely favorable targets to be studied by XRF 

methods for their composition, because in such technique the analyzed layer makes up the 

first millimetres of the surface. Analyzed distribution pattern of heavy metals in a plant 
tissue proved the cortex of the plant to be most rich in them. 

A field XRF analysis is a rapid quan
titative methodq The possibility of defining 
elements composition 1in situ• enables spec

ial geochemical survey with XRF to be effec

ted in ecologically harmless and economical
ly beneficial way, One area in Yakutia (see 
fig.) is taken as an example of such survey 
applied to prospecting for kimberlite pipes 
overlain by trapa .. Total survey area is some 
20 km2 , line spacing 125m, sampling interv~ 
al 50 m .. Sampled was a reindeer moss which 
was analyzed for the principal kimberlite 
tracers Ni,Cr,Ti and Vas :E"Fe, and Zr+Nb as 

LZr .. Correlated anomalies of L Fe and L Zr 

Geochemical anomalies of complex index 

fW1ction, as based on XRF data on 2. Zr 

in reindeer moss samples 

were assumed to be the manifestations of a 

diffusion halo of ascending migration fron the ~ 

kimberlite pipes buried under th9 traps, and 

of the detached-off-pipes primary halos. As I 
seen from the figure, munber of the anomalies "''001.> 

picked with a compiex index of contrast ( 8 ~) 
is much more than that of known pipes in the 
area. Interpretation of these anomalies in 
terms of paragenetic analysis has revealed 
here two promising anomalies associated with 

the previously unknown kimberlite pipes. 

Referenc~s: 

~/;~, /~j anomaly 1:;-, /{', 
fidence 

confide~: 95%l~_·. Janomaly con-
99.9% G ··:'\kimberlite pipes 

Symbols: Q2_3kr,Q 4 - Quaternary sediments; 
~¥P2T 1 - dolerite; P2T1al- sandstone; 

c3P1ah2 ; C~ah 1 - silty sandstone, 
s 11n - limestone. 

On the rehl~ionship between primary & secondary geochemical fields in deep-seated deposits. 
//Thesis in Transaationa of XII IGES- IV SMGP, Orl€ana, France, 1987 1 P• 105-106. 
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GEOCHEMICAL-ZONING OF THE CONTINENT-PACIFIC DORAN TRANSITIONAL ZONE (ASIATIC PART) 

V.A.Maksimovsky, G~M.Belyaev, S.D.Velikoslavinsky, E.V.Tolmacheva, A.O.Sobolev, 

L.I.Tikhomirov, All-Union Geological Institute, Leningrad, USSR 

The continent-oceanic transitional zone has a complex heterogenic composition and 

includes the following geological structures: oceanic trencheS, island arcs, marginal 

seas, marginal-continental plutonogenic-volcanogenic belt. This zone is of interest 

due to its position as a zone of active interaction of two plates-continental and oce

anic. 

Heterogeneities of various aspects (geologi, tectonic, petrochemical, metalloge

nic, geochemical, morphostructural, etc.) and of various ranks (global, regional, lo

cal) were established in the continent-oceanic direction. 

Geochemical aspect of zoning in volcanic (plutono-volcanic) belt of various 

classes: midland, marginal-continental, margibal-oceanic, oceanic from the Masoziuc to 

the Recent is discussed in the paper. Analysis of data was carried out on the basis 

of geochemical zonation of polyelemental maps on various scales (1:10,000,000-

1:1,500,000 and larger), compiled specially for the transitional zone of the north

eastern part of the Asiatic continent. 

Global geochemical zoning is expressed in the consistent alternation of typical 

associations of chemical elemeots in the continent-oceanic direction, namely, from 

lithopQylic (Y, Yb, Nb, Be, K, Bb, La, and other) in the continental belts through 

litho-chalcophile (Pb, Zn, So, Hg, Sb, Au, Ag and other) in marginal - continental to 

chalco-siderophile (Cu, Mo, Co, Ti, Bi, Au and other) in marginal-oceanic and side

rophile (Cr, Ni, Mo, Fe) in oceanic basalts. Indicator ratios alternate towards the. 

ocean: Ni/Oo, Th/U, Bb/Sr, Fe/Mn. For example, the ratio Rb/Sr decreases from 1-0,2 

through 0,1 to 0,03-0,0?, europium minimum decreases and charts of rare earth element 

distributions flatten out. A tendency to decreasing of strontium isotopic ratio 

(87sr;85sr) from typically crust ratu1 to typically mantle is revealed. Marginal-ocea

nic and oceanic belts are characterized by more acid gases in deep fluids, than in 

continental fluids. 

Regional and local geochemical features are manifested in longitudinal and 

transversal geochemical zoning of belts and spec~fic volcano-tectonic structures and 

geological bodies. 

Analysis of apacial distribution of ore regions~ metallogenic zones and belts 

and determined geochemical zoning of various ranks, are closely relationed. 
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RADIOGEOCHEMICAL ZONING OF THE USSR 

V.A.Maksimovaky, A.A.Smyslov, V.K.Titov, G.M.Shor. All-Uoioo Geological Institute, 

Leoio~rad, USSR 

Lateral and vertical radiogeochemical zoning of earth's crust blocks and geolo

gical bodies was determined in the process of compilation and analysis of the Radio

geological Map of the U.s.s.R. on the 1:1,000,000 scale and on larger scales for some 

geological structures. 

The pocedure of compilation of these maps was developed in VSEGEI by A.A.Smyslov 

and his collegues. It is based on well-kn~wn principles and statements of academici

ans V.I.VerDadskya and E.A.Fersman's theory and also on laws of radioactive elements 

migrations in geological processes. Main principle statements used during the pro

cedure development are the following: 

1. Processes of metal aoncentratioos in the earth's crust are closely related 

to the events of scattering and mobilization of ore elements and are a component part 

of the common directed migration and differentiation of substabce. 

2. Formation of the geochemical field of element distributions is resulted 

from a wide spectrum of interrelated and interc~nditioned geol~gical processes of 

endogenic and exogenic cicles. 

The analysis of the relative role of separate geological processes for the for

matiorl of the zoning of uranium and thorium distribution established in the map, 

enabled to estimatic the direction of their migration in the Earth's crust during 

varioa periods of geolOgical evolution. Io~purticular, a substantial evacution of 

uranium and to a lesser degree of thorium from lower parts to upper was established 

£rom regional metamorphism in deep zones of Pre-Cambrian regions. During the plat

form period of the earth's crust development transportation of the uranium in two 

forms resulted in the appearance of two various types of radiogeochemical provinces. 

The zoning manifested in gradual decrease of the uranium and thorium migration from 

miogeosyncline zones to eugeosyncline is a oharacteristical radiogeochemioal feature 

of the Phanerozoic folded regions. 
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REGIONAL GEOCHEMICAL SOI L MAPPIIro IN THE TROPICAL ENVIRONMENTS OF WESTAFRICA: 

BEDROCK REFLECTION AND RESOURCES ASSESSMENT OF PROTEROZOIC VOLCANO- SEDIMENTARY SEQUENCES 

(A contribution to IGCP 259 " International Geochemica l Mapping'') 

Guenter Matheis, Alfred Utke , Christophe Schreier and Abdi H. Siad 

About one quarter of the earth's land surface is cove(ed by thick accumulations of 

lateritic soils which limit the occurences of easily detectable bedrock exposures, hence, 

leaving these regions among the least explored ones in t erms of natural resources. The most 

successful way to establish t h e badly needed Qeological and mineral inventories of thes e 

areas is the regional application of geochemical mappin~. complemented by remote sensing 

and geophysics . 

Chemical weathering kinetic s are particularl y high in the humid tropics, resulting 

in extensive l eaching of the major rock- forming che mical e l e ments Mg, Ca, Na, K and partly 

Si which s imultaneously leads to extre mly poor soil- fer tility . Most of the trace elements, 

however , retain their rela tive bedrock abundances, i. e. the lithologically determined con

centration ranges are not overruled by weathering processes . In order to gain detailed in

formation o n potential bedrock reflection, orientation surveys have been carried out in 

different climatic zones of West Africa, ranging from the rain forest to the dry savannah. 

The main lithological targets were Proterozoic greenstone type volcano-sedimentary sequen

ces of Nigeria a nd the Ivory Coast , respectively. Tota l as well a s selective l eaching met

hods were applied to gain informat ion on clay adsorped, hydrox id adsorped and total geoche

mical dispersion , r espec tively , al l of which are complemented by IR-ana lysis. Co~pilation 

and interpretation of both geochemical and mineralogical data are ~upported by g eomathe 

matica l methods . 

The evaluation of ~econdary geochemical dispe rsion pa t t erns is equally important for 

applications in both exp+oration and e nvironmental geochemistry. Another fie ld of increa

sing impor t anc e i s the role of geochemists to assess regional pat terns of so il fert i l ity as 

well as exploring suitabl e rock material as directl y applicable "slow re l ease ferti lizers" . 

Due to the rather complex chemical process e s which overprint a ll weather ing products, the 

applicat ion of sele ctive leaching methods a s we ll as det a iled s tudies of the c l ay min e ra 

l ogy are the basics of any senseful inlerpre tation . Inf r ared-Spectornetry (IR) provides a 

rapid and s imple me thod to evaluate mineral speci es and compositions both qualitative ly · and 

quantitatively ; it has the additiona l advanta ge t o detect non-crystall in e phas es which may 

be very import ant as adsorptive agents for s econdary dispers i on. Flame-AAS has been develo

ped as t he most versa tile analyti7 a l tool in the eva luation of the cationic secondary dis

persion pa tt erns. Both types of a nalytical instruments may be even used in generator-powe

red mobile field labora tories. 

A comparison o f the resu lting Qeochemical and mineralogical data with available geo

loQical maps clearly d emonstra te the advantages of geochemical mapping under conditions of 

intensiv e weathering. Compa rabl~ studies in central Europe , directed towards bedrock ref

lection as well as monitoring of environmental dispersion patterns, are e qually in support 

of the need for combined geochemical and minera logical appr oaches at the reg ional scale . 
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REGIONAL GEOCHEMICAl HAPPING IN FINLAND USING HEAVY FRACTION OF TILL 

Maria Nikkarinen 
geological survey of finland, p.O. Box 1237, sf-70701 kuopio, 

Finland 

Rei jo Salminen 
Geochemical Survey of Finland, SF-02150 Espao, Finland 

The geochemical mapping program in Finland is traditionally based on the chemical analysis of the 
finest fraction of till. Large areas in Finland have been mapped by analyzing the heavy fraction of tilt 
as well. Results from an area of 550okrn2 in the southern part of Finland are in this study under 
consideration. The main purpose in using heavy fraction is to get information of the distribution of the 
elements that are not analyzed from the finest fraction: w, s, Sn, Nb, Zr, La, Ce, Th and U. 

Sample grid in the heavy mineraL mapping was 1/16 km2 and the samples {Bl) are combinations of four 
subsamples taken at intervals of two kilometers. The sample were preconcentrated in the field by pannin~. 
The concentrates (grain size 2 mm- 0.06 mm) were further upgraded by heavy Liquid (bromoform d=2.89 gjcm ) 
in laboratory. The analytical method adopted for nonmagnetic heavy fraction consisted of energy dispersive 
X-ray fluorescence spectrometry (EDX). Ferromagnetic fraction was removed before analysis and the weighed 
amount of magnetite is one parameter which has been used in interpretation. 

One element maps based on the analysis of heavy fraction reveal ore potential zones and are most 
effective for the elements which have great anomaly/background contrast e.g. sulphur. There is good 
correlation between aeromagnetic maps and the amount of ferromagnetic minerals in till. This reveals the 
very regional scale of both methods. 

Integration of the results based on the element contents both in fine and in heavy fraction of till make 
1t possible to interprete the mineralogical origin of anomalies. Anomalies originating from micas and clay 
minerals are frequent in the maps based on the finest fraction but are lacking in the maps based on the 
heavy fraction. Generally the most noteworthy are the anomalies found by both methods. 

Pathfinder elements serve as an important tool in interpretation of heavy mineral results. Yttrium 
e.g. proved to be a good pathfinder element in a zone containing Zn-Cu mineralizations. 
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EMPLOYMENT OF LARGE-SCALE LANDSCAPE-GEOCHEMICAL MAPS FOR INTERPRETATION OF 
GEOCHEMICAL ANOMALIES IN HUMID AND ARID LANDSCAPES 

Larisa N.Novikova,Inatitute of Mineral ReeouroeatMinistry of Geology,USSR 

As a result of large-scale lithochemical survey in two regions of the USSR(Kuznet
ekii Alatau - the south of the Western siberia - and the Western Near-Azov region -the 
south of the Ukraine) the large group of lithochemical anomalies has been revealed.Their 
interpretation is given on the basis of maps of elementary geochemical landscapes to a 
scala 1 : 5 000 - 1 : 10 000. 

In Kuznetekii Alatau humid south-taiga landscapes of aqueous migration acid class 
prevail.Depending on genee1e of Quaternary deposits several euecies of elementary lands
cape are singled out: (a) ortho-eluvial;(b) nee-eluvial and (c)eluvial-super-aqueous. 

Employment of large-scale landscape-geochemical maps to a scalP. 1 : 10 000 and of a 
larger scale made it possible to carry out classification of lithochemicul anomalies with 
singling out of several genetic groups: (1)aecondary dispersion haloes of gold-bearing 
mineralization zoneei(2)rock anomaliee;(3)technogenous anomaliee;(4)anomaliee on sorpti
ve and gleyic geochemical barriers;(5)anomalies of neoeluvial landecapes;(6)anomalies of 
eluvial-euperaqueoue landscapes. 

Lithocbemical anomalies on sorptive and gleyic geochemical barriers are confined to 
mRrginal zones of eluvial-auperequeoua and orthoeluvial landscapes of acid gleyic class 
of aqueous migration - on their conjugation with orthoeluvial landscapes of acod class of 
aqueous migration.The group of hYpergene lithochemical anomaltea of molibdenum,fluorine, 
mercury and lead h~e been classified ·as anomalies of geochemical barriers. 

Detailed landscape-geochemical mapping made it podsible to single out lithochemic~l 
anomalies of gold and its elements-eatellites(accessory elements) in neoeluvial landscap
es on Middle-Quaternary - Upper Quaternary deluviel-proluvial depoeits,origtnnted by rede

position 10f the crust of weathering. Geochemical spectrum and intensity of hypergen~ li
tbochemical anomalies in indicated neoeluvial landscapes are highly close to those in se
condary dispersion haloes of gold-bearing mineralization zones. 

Geochemical anomalies of eluvial-superaqueoua landscapes are formed in deluvial-pro
luvial and alluvial-proluvial deppeite,generated at the expense of redeposition of Upper 
Quarternary and recent eluvial-deluvial formatione.Geochemical spectrum ~f these anomali
es is reduced(gold,arsenic).Theae anomalies are characterized by significant productivi
ties,anomaltty coeffici~nts and indices of contrast range. 

Both groupe of landscape anomalies do not have connection with mineralization and 
are due to weak auriferouanese of depoeite,in which they had been developed. 

Secondary dispersio~ haloes and ita accessory elements have been revealed within the 
limits of autonomous eluvial and gently sloping trans-eluvial landscapes on eluvial-delu~ 
vium of various thickneea.Singling out of secondary dispersion haloee,perspective for 
gold mineralization,was carried out on the basis of geocheminal indices of zoning of mine
ralization (V) 1areal productivity of haloea(P) end their coefficients of residual produc
tivity(k).Eetimation og a group of the secondary dispersion haloes made it possible to 
reveal two.aonee of ore mineralization. 

Geochemical landscapes of the Western Near-Azov - are para-eluvial landscapes and be

long to dry-steppe landscapes of neutral(calcic) class of aqueous migration.The thickness 
of loose depoeits,overlying ore-bearing formations - is 80 - 100m.The moat widespread spe
cies of elementary geochemical landscapes of th~ region are: (1) autonomous eluvial and 
gently eloping traneeluvial landscapes with ordinary black aoile,forming on Quarternary 
loess-like loame;(b) eluvial-accumulative gently sloping landscapes on alluviated black 
aoile;(c) transeluvial landscapes on shallow black soile,forminh on Lower Neogene depo
sita. 

Buried superimposed secondary dispersion haloes are typical for two former specie~ 
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of elementary geochemical landacapea.Within the limite of transeluvial landecapes,~orming 

on Lower Cretaceous depoaits,open superimposed secondary dispersion haloes of buried oar
bonatite mineralization have been establiahed.They are repreeenred by contrast complex ha
loes of lanthanum,cerium and barium,which develop directly over large bodies of carbonati
tes on a level of horizons B and BC of soil-eluvial formations. The revealed secondary 
dispersion haloes represent hypergene neogenesis on eorptive,evaporative and oxygenoua 
geochemical barriers .. 

The fulfilled works give evidence that forestalling large-scale landeoape-geochemi~ 
cal mapping makes it possible to increase substantially efficiency of geochemical search 
:)r ore deposite,including buried deposita( in arid landscapes). 
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~EGIONAL GEOCHEMICAL RECONNAISSANCE OF THE LA PARAGUA RIVER DRAINAGE, VENEZUELA 

~ean Pasquali, Universidad .central ·de Venezuela, Venezuela 

Santiago Marrero, Williams Melendez and Ramon Montero , CVG-Tecmin, Vene zuela 

'A regional geochemical reconnaissance of a Precambrian area of 30.000 Km2 at the hea~ 

waters of the Paragua river of Venezuela is being reported. This area is covered by tropi

cal wet forest, and has suffered essentially no contamination, being inhabited by around 

100 persons , It has been examined through two types of fine -grained drainage s ediments wh£ 

se mineralogical composition is dominated by quartz and kaolinite, with minor gibbsite . and 

muscovite. Samples were analyzed for copper, zinc, rubidium, strontium, yttrium, zirco

nium, niobium and gold, in the minus 230-mesh fraction. 

Samples were obtained from streams of orders 4 , 5, 6, 7, 8 and 9 which have correspo~ 

ding drainage areas of :around '·?, 35, 370 , 1900, 9400 , 45000 Km2. The two types of samples 

analyzed were obtained as follows: 1) Material deposited in low-energy environments as mud, 

either dried out, wet or submerged (D); and 2) Samples obtained by seiving material depos! 

ted in higher energy environment (T). 

At each collected :site of stream order 6 or highe r three sub-samples of each type we 

re taken, which allows the estimation of within-site variation coefficient (VC = ---~--- lOO) 
x 

for each element for each type of sample . They are included in Table 1. 

Samples types D and T, although for certain elements seem to have a similar background, 

are not comparable and in certain ca•es give rise to anomalies that are not geographically coi~ 

cident . 

Theanalysis of chemical results allows the identification of severa l types of anoma-

lies: 

1) Caused by values of concentration of one element that are hiqher than X + 2 S ; 2) Cau

sed by a coincidence of higher than average concentratio n of several elements at one site; 3) 

Caused by an anomalous ratio of two elements,such as Rb/Sr: and 4) Caused by a geographical 

sequence of Xi) X of tributaries of one margin or both margins of main rivers . 

It has bti"en.found that in thi;s type of terrain about 30 anomalies of the four types mentioned 

are produced, or one anomaly per 1000 Km2. Commonly, anomalies of the first three types 

group into anomalies of type 4, which in turn, are gene r a lly indicated by broad water conduc 

tivity anomalies easily detected in the field . 

In the area studied four anomalies of type 4 were found which are of the order of 300 

Km2. 

TABLE 1 

AVERAGE CONCENTRATION OP ANALYZED ELEMENTS (ppm) IN SAMPLE TYPES D AND T (X), WITH 
THEIR AVERAGE VARIATION COBPPICIENT (CV X) FOR THE WIIOLE POPULATION (140); · AND AVERAGE 

VARIATION COBFFXCIBNT (VC) POR WITHIN-SITE SUB-SAMPLES BASED ON 54 SITES. 

ELEMENT Cu Zn Rb Sr y Zr Nb 

X ppm (D) 26 71 83 38 62 1150 28 

cv x (D) 36 49 27 31 24 45 30 

X ppm (T) 30 81 79 40 54 1700 30 

CV x (T) 40 32 28 33 32 55 33 

cv (D) 17 9.8 9.4 12 .3 9 . 7 12 11.5 

cv (T) 9 . 7 8.9 9.5 11.4 13.8 16 11.7 
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GEOCHl!li\ICAL M.U'PING OF THE SOIL COVER OF 'l'HE BYELORUSSIAN SSR 

Fe~ova N.N., Institute of Geochemistry and Geophysics of the BSSR Academy of Sciences, 

14insk, BSSR 

The territory of the Byelorussian SSR is situated in the west of the USSR European 

part. Its area covers 207,6 thousand sq • .km and extends from north to south to about 560 .km1 

and from west to east - 650 km . 

The historical-geological past and present at·e closely related to the evolution of 

the East-European platform,, as Byelorussia is a part of this platform and reflects struc

tural and genetic peculiarities of the latter. Modern topography of the territory presents 

intermittent hilly uplands and flat plains, or slightly concave lowlands and lake basins 

. with absolute elevation marks ranging from 85 to 346 m, 

A complex of Anthropogen deposits forms an overburden with the thickness varying from 

several metres to 300-350 km. 

The thickest strata are confined to bw:ied Upper-Pliocene and Lower-Pleistocene 

valleys. The formation of Anthropogen strata is mainly due to repeated changes of glacial 

and interglacial epochs, glacial and water erosion and accumulation. Cover beds are repre

sented by various genetic types of glacial, lake-glacial, aqueo-glacial, alluvial, lake -

boggy and eolian sediments. Glacial and aqueo-glacial foi·mations are mostly abundant. Elu

vial accumulations of the old and modern ci·uat of weathering are found in southern Byelo

russia, where granite rocks are exposed. However, these are not abundant, 

Byelorussia is included to the taig·a-foreat landscape zone. Geochemical and biogeo

chemical processes are active in the hypergenesis zone there. Climatic conditions are fa

vourable& precipitation is abundant (550-650 mm) most part of it coming to the soil because 

of a non-intensive evaporation. 

Atmospheric precipitation partlymigrate to the deeper horizons of Quaternary strata, 

partly participate in various geochemical processes of hypergeneaia. 

Soil formation on the territory of the Republic reflects four main genetic typeer 

soddy podzolic, boggy, soddy calcareous, and alluvial meadow ones, As a result of the exis

tence of several soil formation types which are in different combinations and amounts, 165 

soil phases are distinguished in the BSSR. Soddy-podzolic soils are mostly widespread and 

constitute about 70% of the soil cover, The moat important soil processes participating in 

hypergene migration of chemical elements in the existing environment are distinguished as 

those proper to Byeloruaaian landscapes and conditions of their formation. Firstly, during 

soil formation, rocks and minerals are actively destructed and colloidal compounds are for

med being one of the most important form of horizontal und vertical nJigration of the matter. 

Secondly, in landscape of Byelorussia under existing climate ~onditions and vegetative co

ver, the soil formation is accompanied by the accumulation of large amounts of organic mat

ter. The organic matter when migrating in soil solutions and surface waters, takes an active 

part in sedimentary lithogenesis and formation of various geochemical facies of bioliths, 

Thirdly, soil processes are closely associated with the formation of natural water chemical . 
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composition with participation of easily mobile compounds of alkaline and alkaline-earth 

elements, as well as of iron. Fourthly, soil profiles reflect dominant trends of weathering 

processes and geochemical composition of residual products of soil formation and litho

genesis. 

Baaing on the above, a specific character of soil processes in hypergene migration 

of chemical elements in Byeloruseian landscapes can be characterized in the following way. 

Hydrothermal-regime of the earth surface favours an active migration of most of soil-for

ming elements in the hypergeneaia zone. Abundant forest and herbaceous vegetation contri

butes to the formation of considerable amounts of organic matter which is accumulated as 

peat, humus and other organic compounds. Destruction and mineralization of the organic 

matter, surface and soil waters are enriched with co2 , organic acids and mineral salts, 

become acid and highly reactiveq An acid medium formed aa a result contributes to a strong 

decomposition of the mineral mass. Alumosi·lice.tes are decomposed releasing silica, alumi

nium oxide and especially iron as hydrates, which migrate in the soil and weathering crust. 

Silicic and silicic-earth elements are removed to a large extant from the soil and parti

cipate in the formation of the chemical composition of natural waters and geochemical faci

es and sediments. W~athering and soil formation are accompanied by neogenesis of silica, 

clay minerals (hydromica, kaolinite, chlorite), carbonatee (calcium, siderite, more seldom, 

rhodochrosite), il'on and manganese oxides and hydroxides (goethite, hydrogoethite), ae well 

as phosphates of ferric and ferrous iron (vivianite). The formation of geochemical facies 

of sediments are associated with them. The accumulation of 02 in soils and cover rocks, 

carbonates -in lacustrine sediments and meadow marls, as well as the formation of boggy 

ores, peat and sapropel are characteristic of the Byelorusaian regiond 

At present,zonal lithogeochemical, hydrogeochemical and pedogeochemical provinces 

have been distinguished on the territiry of the Byeloruasian SSR, their geochemical pro~ 

parties have been revealed and characterized. 

The Byelorussian.region is related to a biogeochemical zone deficient in many impor

tant elements in soils and plants. Thus, mean contents of iron and copper in soils of the 

Byelorussian SSR are 1,5 times, aluminium, calcium and nickel - 2, titanium, manganese and 

vanadium - 3 - :;,5, magnesium, chromicum-5 tirnee leas than the clark values of these ele

ments according to Vinogradov /1/. Only silica content in soil of Byelorussia are some

what greater than the clark value, and potaaeiwn and zircon are within their clarks.( table 1). 

Table 1. GEOCHEMICAL BACKGROUNll OF THE SOIL COVER OF THE BYELORUSSIAN SSR 

Soil SiOz Al203 Jle2o3 Cao MgO 

% 

content for the BSSR 

at large 82,23 6,31 3,'+0 0,98 0,53 o,67 

clak values according 
to Vinogradov 70,62 13,57 5,43 3,32 1,64 0,85 
ratio of BSSR olar~ to 

VinogradoYBclark 1,2 0,5 0,6 0,5 0,2 1,1 o,a 
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Soil Ti hln Cu lli Co v Cr Zr 

'• 

content for the BSSR 
at large 156,2 24,7 1,3 2,0 0,6 3,4 3,6 33,6 

clark values according 

to Vinogradov 460,0 85,0 2,0 4,0 o,a 10,0 20,0 30,0 

ratio of BSSR clerk 

to Vinogradov'eclark o,; 0,3 0,7 0,5 o,a a,; 0,2 1,1 

Geochemical index of soils of the Byelorussian SSR is1 
Si02 (1;2) 

K2o, Zr (1,1) ----------------------------------------------------------
Na2o,Co(0,8),Cu(0,7),Fe203(o,6),CaO,Al2o3,Ni(O,~),Ti,Mn,V(0,3) 

Low concentrations of several minor elements in soil of the Republic manifest them

selves by diseases caused by suppressing synthesis of B12 including cobalt, growth of thy

roid gland and goitrous disease (due to cobalt and iodine deficiency~, caries of teeth 

(fluorine deficiency), by abortion and drowning of cereals (copper deficiency in peat-boggy 

soils), etc. 
to 

According natural conditions (topography, soil type, degree of wetting), complex of 

chemical elements in ma·jor types and phases of soils, character of their migration in a 

system "soil-forming rock-soil n, and peculiarities of their spatial distribution, the 

author was first to distinguish within the Republic 1 s territory three soil-geochemical pro

vinces- northern, central and southern ones (Fig.1) /2,3/. 

Tbe noi:thei·n pedogeochemical province covers about 24,6% of the BSSR territory. Soddy

podzolic soils dominate (42 %)G Considerally smaller areaa are occupied by sandy-loamy (21%7, 

sandy (25 %) and boggy (?%) soils. This regdon is characterized by the lowest contents of 

5102 (83,09 %) and highest concentrations of all the other microcomponente (Al2o3 - 8 1 91 %, 

Fe2o
3 

- 2,14, GaO - 1,16, MgO - 0,89, K20 - 1,97, Na2o - 0,76 %). Soils of this province 

include the highest amounts of such minor elements as manganese (44.10-3%),<rhrOmium (3,6.10-31-

and nickel (1,7.10-3%) (table 2), 

Table 2. M.liAN CONTENTS OF MICROELn.tENTS D1 SOILS OF THE PEDOGEOCHEMICAL F!lOVINCES OF THE 

BYELORUSSIAN SSH, n.10-3% per-dry matter 

Provinces Ti Mn v Cr Ni Cu Ni Mn Mn 
""""Or""" Ni "'""(Jr"" 

Northern 143 44,0 2,73 3,6 1,7 0,9 0,47 25,9 12,2 

Central 126 29,0 3,24· 2,9 1,2 0,9 0,41 24,2 10,0 

Southern 148 19,0 3,17 3,6 1,0 1,2 0,29 18,3 5,3 

A geochemical index wbere elements before a fraction show soil contents equal, or simi

lar to those of underlying rocks (eluvial accumulation coefficient K6a = 0,9- 1 1 1), elements 

in numerator are those accumulating in soils (Kea;>1,1), and in d~nominator -dispersed 
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elements (Kea <-1,1). 
The geochemical index for soils of the northern province is as follow a 

L\.n 
Ti, Ni -~--~--~-vu, ... r, , 

The central pedogeochemical province covers 42,~8 ~of the republic'• territiry. 

Soddy-podzolic loamy, soddy-podzolic sandy-loamy, 3Dd soddy-podzolic (pale-yellow) soil• 

on loesoes and loess-like loams are widespread. The province is characterized by the f ol

lowing mean contents of major elements a Bi02 - 85,2} %, Al20} - 6,69, Fe2o} - 2,04, CaO -

1,18, MgO - 0,?5
1 

K
2
o - 2,97, and Na2o - 0,?6 ~. Among microelements the highest contents 

of vanadium (},24.10-}%) and the lowest contents of titanium (126.10-}%) and chromium 

(2,9.10-}%) are to be mentioned. 

Fig.1. Map- scheme of pedogeochemocal provinces of the Byelorussian SSR 
Mn 1 JAn V 

Provinces a 1 - Northern Ti,Ni -ur;v;cu- 1 - Central Ti -cr;~u;~1-

III 
Ti !!n Or V Ni - Southern --L-:=L--L-L--

tern (Grodno) Ti MDV 
cu C!r~~t----

l&oguilev ) 

? - Mozyr 

_!h~.a.£E.L!C!i 

Ti WI Cr V Ni --.L:-"'"C"ii-.L-.1.--

;an 
Subprovinces a 1 - Polotsk Ti ~~-c-~ 2 - Wes... r,,, u,ni 

!om v 
} - Pre-Polessie Ni ~·1-,Lnr--,-~u- ( ~ "' "' 1 4 - Eastern Orsha-

5 - Brest 6 - Polessie JAn Ni 
or' v -n~-cii--

Geochemical index of the Central pedogeochemical province~ is ·as follows 1 

l.1n v 
Ti --cu;~r;-c;--

The Southern (Polessie) province occupies the lowest southern part of the BSSR terri

tory covering }},02 % of the whole republic's area. Soddy-podzolic sand;r (57 %) and boggy 

(2? %) soil types dominate. 

The Southern pedogeochemical province is characterized by the highest contents of 

Si0
2 

- 90 1 48% and the lowest Al20} - 4,8~ %, Fe2o~ - 1,34, CaO - 0,5~, MgO - 0,}~, K2o -

1,04 and Na2o- 0,42 %. This province presents the highest contents of copper fixed mainly 

in the organic matter, and the lowest concentrations of the other minor elements. 

The Southern (Polessie) province shows the following element ratios in the soil-rock 
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Lin V Ni Or Tib·• Cu ---L--L-=-L---L----

Biogene element accumulation in soils dominates. Tho se~arated provinces include 7 

subprovincee, 18 soil-geochemical regions and 15 subregions. 

The given data on the geochemical background of the soil cover of the Byelorusaian 

SSR are at present of practical importance for carrying out tecbnogenic geochemical reco~

etitution of Byelorusaian soils and realizing measures in the field of the environment 

optimization. 
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Regional distribution of As, Sb ond 81 In the Gromplan Highlands of Scotland 
and the English Lol:.e District: Implications for gold metallogeny 
J A Plan\, DC Cooper, PM Green, A Reedman end P R Simpson ( BGS, Keyworth) 

Abstract 
Regional geochemical data for the gold pathfinder elements As, Sb end B i prepared by \he BGS 

over the Grampian Highlands of Scotland end \he English Lake District are discussed with 
particular reference to models for gold mineralization. In the Grampian Highlands the 
elements are enriched over the upper Middle and Upper Dalradian rocks, whereas in the 
Lake District concentrations occur over the Skiddaw Group and Eycott and Borrowdale 
Volcanics. In both regions, high levels of the gold pathfinder elements (and gold in panned 

concentrates) are associated with shale-turbidite sequences in tectonically controlled 

extensional basins and in \he Lake District also with volcanic reeks. 

The Dalradian orogenic basin has been related to trans-Caledonide extension possibly 

associated with movement of a predominantly transcurrent continental margin to the south. 

The Skiddaw Group has also been suggested to represent the deposits or a marginal basin, in 

this case located along the NW edge of the Avalonian-Cadomian continental plate bordering 

the Iapetus Ocean; sediment deposition in the basin having been interrupted by the 
development of a volcanic arc represented by the Eycott and Borrowdale Volcanic Groups. In 

both regions known gold mineralizallon and anomalous levels of the gold pathfinder elements 

and of gold in heavy mineral concentrates are associated with igneous intrusions or 

lineament systems cutting enriched metasediments or volcanic reeks. 

The Grampian Highlands and English Lake District evolved as part of the American and 

European continental plates, which were separated by the Iapetus Ocean until they were 
tectonically juxtaposed during the late stages of the Caledonian orogeny. The similarity in 

\he controls of the distribution of gold pathfinder elements and gold mineralization in the 

two regions thus provides information of importance for understanding the genesis of gold 

deposits in comparable tectonic settings elsewhere. The data are inconsistent with models. 
involving a juvenile source of gold or its pathfinder elements. lnstee>1, they support a model 

whereby gold and its pathfinders were initially concentrated in sedimentary sequences in 
rapidly subsiding, tectonically contro'lled basins and in associated volcanic reeks. 

Remobilization occurred subsequently, probably as a result of an increase in the oxygen 

fugacity associated with the influx or granite magmas into the crust and \he establishment of 
hydro\ her mol can vest ive circulat iort sys\erK. 
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MAPPING TH~ ClO::>ED AJ<E.AS OF Clt!E REGION S bY A HYDROGEOCHEMICAL METHOD 

A. t1. Pl yuS11 1P , V . 'i .IO icc h i<o V .A. Korsc.k 

G~ological l nstit~te of t he USSH AS SD, Ulan-Uae,USSR 

Reg10ns of completed foldnq o f Heso~u.c. t~c:.r.,,,o-magmatic activity contain great prospects for the 
discovery of gold-ore, rare-metal , f luorite and other mi neralizations . Tectonic movements of activity showed 
themselvPs on a great territor ;- a nd •esuL t,•d lP .,arp ln\J the earth•s crust and shaping ridges and 
1 ntermountai n areas. 

The cond1tions for m1~.eral U<!poslt s e a r ch ar;:, cunpl 1c<.t.ed . Intermountain areas and their foothills 
are closed witr polygenic sana, >t:; t h ickness re.;ch1119 aozens of meters. Low mountains and highlands are 
cover ea wi th p1ne forest ano foothll ls and depr essions take up d ry steppes. This territory is a region of 
large population '"hicn is occupied 1•ith f ield- crop c-u l tivation and cattle-breeding. The co.pplication of a 
hyd rochemical method for mineral deposit sear ch may be ve ry useful under these conditions. Man-made 
reservoirs (holes and wet ls) as testing ones and dri l ~e<l f o r the l'ater -supply of the population and farms 
are added to the natura l reservoirs (springs, surfac.~ · "t ream flows, lakes, etc . ) ; it gives the possibility 
to r egulate a nd t o compact testing . 

Tne separation oi the associations ui n;., t ·- ··._t • . .-ate r parameters characterist i c fo r occurring 
geochemical processes and wate r interact1on w1th geolo>;i cal formations is laid i nto the basi s of the 
i nte r pretation of n·:;•_t: lCOrnfY.)ncnt 1nfonna t: ion. It allo,;s to thoroughly base choosing the p l aces for carrying 
cut detailed orospert1ng . 

Due to t he establ l S~,.,,.,,t of the cnaract.eristic associ a tion of elements it: is pos sible to define a 
process ~1hi ch re!>l! l. ts i n t:ne formation of C·ne or snotner water chemical composi .1on. Fer example , within 
the crystall ine rock masses of depr ession framing the forn1ation of wate r chemi c?l composition are -nai nl y 
connected wit h feldspa r weat:hering and anorthite, in the first. place. CorrelatlVe bonds are estaol 1siled 
a~lDng calcium, magnes ium, sodium, potassium, hydrocarbonate and the acid - bas ic index of mec!1um. The 
synchronot,s ciel1very of fluorine, molybdenum a r,j sulphate into the so lution ·;ndicate tr·· geochemical 
special izat·ion of weathering alumos ilicates in this regi on. 

Withi n i ntermountain areas the formation of IJater chemica l composition is t a king place under the 
influence of soma regional factors , as alumosi l i cate weathen ng, ion change and salti ng processes. Et.ch o •· 
t hese factor s is cha racterized by a definite element associa tion. For example, the separation oi t he 
associ a tion of such parameters, as pli and HCO ·is characterist i c fer a saltrng proc:Jss. Oue to t!1e val ue mar 
of ~he separated assoc iat ion of par·amuters it is possible to choose the .:trec:s v·ne1e this proces,; is playing 
i! dominating role. 

The exp loration of ore mineralization by a hydmgeochemica l meehod may be c~rried out ws~ng direc t 
a r,d ind1rect para'neters which are mineralization indi cators . The rocks exploi teJ hydrotl"'crma ll y can be used 
as the indirect i ndi c a t:>rs of mineralization. Their revea ling is of great interest, a~ the dll'lensions of 
rocks changed a r e often fou:1d to be greater than ore bodi es . Their revealing 1s q u n e poss i ble by a 
hydrogeochemical me thod, as undergrou nd wate:·s interacting 1·nth such rocks are enri ched i r• a certain as
s oci a tion o f ete.nents. For example, wate 1·s are er.riclltXi i .1 r:otassium, Lithium and silicium vther. inte racti ng 
with propyl ite facies, f r ac tu r ed metasomatite and quartz He ones containing po tassiw.• . This dement 
association is also establ ished in underground wa;;e ,·s of go l d-o r e r1a01festat1cn known in t 11 is region. As 
a whole, such an e lement associ a tion is typi .:i:l fo r tile l•:ate-~ confined to the zorc of dislocati o n wit.n a 
b reak in continuity. Ore elements, such as silver, lead and nickel are marked para llel v,ith the e temants 
mentioned above, when ur.d-.,rgrocJnd ·.~dter!i inter;;c t ,.,:tr 1ydrnthe rma lites in >·ltl ich tl,e r r: i s ;;ore 
;•1ineral izat ion. 

SeverC~ l element associat i ons are cr.osen which can be used as the searching signs for rare - metal and 
f luorite mi ne ral izati c•n . For example, in fractur·e wat.er o; &lnd pore-strztal ones of a d e pression this t:ype 
of mineral izati on i s distinguished by the association of su-:h elements, as molybdenum, tungsten, fluorine 
a nd calcium. The c:l ehl<.:nt assoc i ation chosen is typicaL f or ore manifestat ions of such a type in the region 
under invest1gat i or. and it rouses qu1te a defi ni te inte r es\ in p r cspect1ng . 
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GEOCHEMICAL MAP OF A CARBONATE TERRAIN BASED DN SOIL SAMPLING 

ESAD PROHIC\ SIMON PIRC++ and NINA ZUPANCIC++ 

About one third of Yugoslav territory is composed of predominating carbonate 

rocks on which water is drained mostly underground, and stream sediment is not 

available for systematic geochemical mapping. Investigations performed in 1985 to 

l'il:l8 in Slovenia, Croatia and Montenegro confirmed the possibility of producing 

stable geochemical maps for many elements by sampling soil, spring sediment 

ano aquatic bryophytes. This was established by using sample designs based on 

the analysis of variance. 

In 19b9, about 4ooo km' of !stria and a part of Slovenian Littoral, in NW Yugo

slavia, was sampled with soil samples on a regular grid od 5 x 5 km. The terri

tory consists of Jurassic, Cretaceous and Paleogene carbonate rocks, and of Eocene 

flysch. The flysch parts of the terrain was sampled in addition with stream sedi.c 

ment samples. The upper 15 em of the soil profile were co!lectea and the minus 

2 mm fraction ground and reduced to minus o,o64 mm size for analysis. The 

minus o,o64 fraction of stream sediment was obtained by sieving the collected 

fines. Twenty elements (AI, Ca, Fe, Mg, Mn, Na and Ti,: and Ba, Co, Cr, Cu, 

Ga, La, Mo, Ni, Pb, Sr, V, Zn and Zr) were deterismend by emission spectroscopy 

with a Zeiss PGS 2 instrument having a planar grating. The sampling design of 

analysis of variance enabled the estimation of variability among sampling media, 

between carbonate and flysch regions, between the 5 x 5 km cells, as well as 

the sampling and analytical error. Analytical accuracy was monitored by internati

onal geological standards. Operational realiability (sampling and analytical) were 

found satisfactory for mapping for the preponderant majority of elements. 

Univariate and multivariate statistical analysis indicated differences in elemental 

composition between soils on carbonate substrate and flysch in Ca, Mg, Na and 

Sr, which are Depleted, and Fe, Ti and Zr which are enriched in soil on carbonate 

rocks. 

Uiiierences between the flysch lithology of the two sedimentary basins is indicated 

in both soil ana stream sediment samples by generally higher Ca and Sr and lo

wer Fe and Ti in the southern flysch basin with recpect to the ·northern basin. 

il.namalous zones of Pb probably reflect environmental pollution. Computer>-1ade 

geochemical maps of !stria for Pb and Ca is to be enclosed and results dio:ussed 

with an emphasis on the lithology and enviromental pollution. Additionally ~">e 

soil sa111!J,ling credibility in the geochemical mapping wi 11 be examine. 

+1 Institute for geological Investigations, Zagreb, ~achsova 2, 4looo Zagreb, Yugoslavia 

++I Institute of geology, University In Ljubljana, ASkerCeva Zo, 6looo Ljubljana, 

Yugoslavia 
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GEOCHEMICAL MAPPIMG IN LATERITIC REGIONS OF THE VILGARN 
BLOCK IN AUSTRALIA 

Raymond E Smith (1), R D Birrell(2), R R Anand(l),J F Bridgen(3), E C Grunsky(l), J L Pedrix(1} 

(1} CSIRO Division of Exploration Geoscience. PO Wembley, WA 6014, Australia 
(2) GEOCHEMEX Australia, PO Box 281,West Perth, WA 6005, Australia 
(3) Sons of Gwalia NL, GPO Box, Darwin,NT 0801, Australia 

The feasibility of carrying out geochemical mapping in lateritic terrain in Australia is 
demonstrated by examples of low-density sampling within the Archean Yilgarn Block and its periphery in a 
programme primarily designed for the purpose of research in developing methods for mineral exploration. 

The prime sampling medium used was lateritic residuum, or its quasi-residual loose gravel 
equivalent, with samples typicaLLy being either 1 km or 3 km apart, depending upon the stage of exploration, 
target expectations, and bedrock characteristics. The approach was to use to advantage the products 
resulting from the period of long and intensive lateritic weathering. 

Examples of some of the different types of geochemical patterns are presented. These include 
regional variations in base metals and chalcophile element Levels in classes of ferruginous materials at 
surface; regional patterns in Lithophile element Levels in Laterite that suggest related bedrock patterns; 
the presence of chalcophile corridors, observed in lateritic residuum and interpreted to arise from bedrock 
features, that cross the Yilgarn Block; and variations on a kilometer scale that derive from the presence 
of concealed ore systems. 

Knowledge of regolith/landform relationships, from regional to district scales, are important for 
the design and execution of sampling programmes, and for presentation and interpretation of geochemical 
data. A workable sample classification scheme is also critical to success. 

Limitations of the approaches described in this paper result where the favoured lateritic residuum 
has been removed through erosion. Even so, sporadic local areas of relict laterite can extend the terrain 
applicable to this approach. Furthermore, recent research involving several of the authors has shown that 
in some terrain even where lateritic residuum may be generally missing from the uplands because of erosion, 
large areas characterized by essentially complete laterite profiles can exist buried beneath colluvial and 
alluvial plains. 
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BASELINE GEOCHEMICAL MA PPING 
USING LAKE SEDIMENTS' 

P. J. Rogersl 1. A. C. Filrtes,·ue3 and J G. Ogden• 

Lake drainage sys tems cover large part~ ot r''~ (';;n:uEan lanumass For this reason lake sediments have 
been used extensively during the past 15 years a<: a medium for mineral exploration or reso urce appraisal 
geochemical mapping (Hornbrook, 1989). Urab sample!> of lake sediment provide large multielement 
geochemical data bases we ll suited to mi ne r1l explora tion purposes {Rogers and Chatterjee, in press). These 
grab samples may lack s tratigraphic detail howt>ver. and wl-ten mineral resource appraisal and geochemical 
baseline informa tion is desired from lakes, sedimrnt ct. res are required. Lake sediment is perhaps uniq ue 
as a mapping tool as it defines both spatial and tempora l aspects of the catchment's landscape evolution. 
Indeed, lake sediment has been h i<enf'..J tt nw: !l'lr~Jgf' d e vice "or historical geochemical data derived 
from the catchment (Ogden et al., 1988). ( ieochemica ' data from lake sediment cores may be used (I) for 
geochemical mapp ing, (21 in pollution st ud ; · :md (l) 111 .nvestiga tions of global climatic change. If lake 
sediment cores are used :J.S ~ medi um fc g,•.l.::~,.,., ·• "lt. such rnapping may relate to anthropogenic 
input of elements during the p<1st f e w hunw,..d year~ ·mc1/or to material laid down prior to the advent of 
modern man in lake catchme ll3 ,,r interest. 

These sedimen t cores are of rw .. lunJ~· ':,.hall co re:; ' (.)0-40 e m tong), which usually include sediment 
laid down during the past 200 year~ wJ n •g ~cre · ..vli:c h r·•;,e rat tht e n tire orgnnic J;.ye r at the bottom 
of a lake and a re usually 3-5 m long Short cores are used in acid 1 a in studies to trace the pH h istory of 
lakes during the past 200 years using geo··~em ica l and rl iatom inferred pH methodologies (Fortescue, 1984, 
1985). Lake sediment long cores inc!ude rnaren::~l lair! down since the last Ice Age and can be used to 
describe the geochemical, palynological and d iatom history of lake catchment areas. 

Data from Ontario and Nova Scotia demonstra!e tha t spatial corre lations and temporal markers fro m 
lake to lake can be established by these methocis. h>r e xample, a ragweed (Ambrosia Spp.) pollen layer in 
Ontario and a Plantago Spp n0lkn l:1Ver •n N, "" Scotw ha,•e both been used extensively to date the 
chemical stratigraphy of lake scd 1men 1 cor::s -:ol!c•·tPd frvm .hese areas. 

Our lake sediment core case his10ri~s al<>:-' de~;r.ribe at least four t ypes of Canadian acid lakes. Some of 
these lakes are naturally acid and Nher~ b.~..-t; b..:ceme :>c1d due to acid ra in, pollution anti/or envi ronmental 
degradation. T he geochemistry o f p'Jst- Ambros: ,, envtronme nta' d i£turbances has been noted from lakes 
near smelters in Ontario a nd from the post ' lam.tp ' :.:yer a t Chocolate Lake, Nova Scot ia. Dramatic 
increases in baseline metal values (e.g. by P~ duP to dUtomobil "s, Cu due to modern p lumbing, V due to 
home heating oil, etc.) are obs~rved tn mo~t Ink~> sed irnen t cores. Cores from some Nova Scotia lakes 
include a geochemically d istinct ' backho;~· horizon C? used l·y accelerated bedrock weathering due to 
excavation a nd construction activities in ::atchmcn• a reas about 40 years ago (Ogden et al., 1988). Cer tain 
elements can also be used as time anci spat ia l or b'lll ist ic markers. For example Ni, Cu, U , Br, As , Sb and 
Co have been found useful in Ontario 'lnd AI ~od 7n at Soldier Lake in Nova Scotia (Fortescue, 1986: 
Ogden and Rogers, 1988). 

All post-glacial lakes in centr~. a1d eastern Caract<~ show a n increased o rganic content with time from 
ca. 10,500 to 9,000 rad iocarbon ye;1r~ before present (RYBP). T his increase is a consequence of decreased 
soil e rosion and increasing vege tat ion as post-glac i.il warming permitted a re - establishment of closed boreal 
forests. In Nova Scotia, lake sediment cores rec\H\ :1 <li;tiJJct cl imatic change to a warm, dry maximum at 
ca. 3500-5500 R YBP, the xenothermal interval P ·· du~·('d precipitation and runoff during this t ime lowered 
flushing rates and increased organic <;ed ime:. tntinn. Th·~ possible effects of f uture global warming \=an be 
inferred from such data on previous pe6•>ds 0.f g\ib<~l W;"mi·J~ recorded in long cores. 

1 Abstract submitted to 14th lGJ::S. l'raguc. DechO"!l •·,, ,~::, 

2 R. R. 4, Shubcnacadie, No~il :;cotia t:anaua BON 2~ • 
3 O ntario Geol0giC~I Survey, ~.Jini~try of Ncr thcm DL" 'I'I"i'''' .tl , ... J Mute•., 77 <in"ll\'l lk St rccl, J'ownto, Otltnri,>, l ':ultda M7/\ I \Vol 

4 Depanmcnt oC Biology, Dalhousie Univ~rsity, Halifax. N<"'' •; •. •tm, C'an~ua ll3i I 411 
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Lake sediment short and long cores provide a means to establish both a spatial and temporal baseline 
datum for geochemical mapping. Short cores may provide detailed evidence for increased acidification 
and/or input of elements due to man's activities during the past several hundred years. Long lake sediment 
cores, taken from all ecological zones in the world, would provide unique spatial and temporal information 
pertinent to the preparation of a world geochemical map. 
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Thematic maps of southern West Greenland 

A. Steenfelt 
L. Thorning 
T. Tukiainen 

Geological Survey of Greenland 
Q)stervoldgade 1 0, _ 
DK-1350 Kobenhavn K, 
Denmark 

Abstract 

The Geological Survey of Greenland has commenced the production of 
sets of equally scaled and formatted geochemical, geophysical, geological, 
and mineral occurrence maps based on digital data information. The first 
series of maps cover 35000 km2 at the scale of 1 :1,000,000 of the 
Archaean shield in southern West Greenland including the Godthaabsfjord 
area where the oldest known part of the shield occur. 

The maps may be used for visual studies and comparison whereas the 
digital data contained in them are well suited for image analysis of 
integrated data sets. 

The crustal structures indicated by the geochemical and geophysical 
maps provide evidence for the existence of several early Archaean 
terranes in the region, as suggested by Friend and Nutman (1988) on the 
basis of recent field and isotope studies. The recognition of such terranes 
has implications for the geological history as well as for the evaluation 
of the resource potential of the region. 

Reference: 

Friend, C.R.L. and Nutman, A.P. 1988: Evolution and emplacement of 
Archaean terranes in the Kapisigdlit area, southern West Greenland. Rapp. 
Gr0nlands geol. Unders. 145, 59-64. 
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GlWl: llliMl CAL MAPPING Or' PRlMAHY AND ~ECONI;AHY GJ.::T'i' lNUS IN OHt:;-.ll8AHING !lEGI ONS 

L . V.Tausou, R. G. Kravt s ova, R. H. Zaripov, Institut e of Geochemi s try, I rkutsk, USSR 

The c omprehensive g e och emical ma pping i s made in one o f ore - bearing regions of North

l:.u.; t uS ::ill. (Jre-bearj.ng capa ci ty of t h e area is determined by many - stage processes of Late 

l:retaceous magma ti sm an d hydrot hermal ac t i vi ty a nd represented by. tin- rare-metal, tin

i.i l vel·, silver-po l yme tal lic minera l ization . 

Th e s "t t...J.y of endogenic geoch €:mical ! i e ldu of conce n t ra t i on ( GFC ) shows that each 

or£>-~e:aring 1-;rma t ion is chara cteri zed by incU v1dl.l.al .se o chemical element association 

\i:J. ih quarrt.i i.e. ~i , l. rc. t ics , whlch va ry C: ~pending on the l eve l of the erosion shear a nd the 

~l· pth o~· ruinn·u .t1 :z.ati'•n for:uut i on. 1 he: geoclh tr.ica:!. models o f ve rt i cal zonation have been 

l!.c,d e USil,g fllG.pjJ .. tJg Of the t:Ud vger.iC GrC 0f 0!'~:-bce.ring Objects , 

~'he cu1 . opari~:~on ~,t t,£ tll;hemi c c.l maps , ob crdned .from d1ffcrent scale surveys from the 

B·~r.onctary hf1loe::1 dn<.. t1 ~ !:'C:O'll s edi t:teu',!:l v1 i ti-t r•: 1ul ta o f .otudy of t h e primary endogenic GFC 
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MINERALOGICAL-GEOCHEMICAL MAPPING OF RARE-METAL AND MIAROLITIC PEGMATITE FIELDS AIMED AT 
PROSPECTING 
V. E.Zagoraky , I .S.Peret yazhko, L. G.Kuznetaova, Institute of Geochemistry, Irkutsk,USSR 

The use of mineral geochemical features in mapping of geological objects is a pro
mising trend in prospecting geochemistry. This problem is considered relative to pegmati
tea. 

Li,Be,Cs,Ta,Nb,Sn deposita as well as the deposits of piezooptic and gem-stone raw 
materials are associat ed with rare-metal and miarolitic pegmatites . Several evolution geo
chemical ( mineragenic) pegmatite groups are distinguished. They unite genetically and 
spatially connected aasemlages of pegmatite bodies of the same specialization, but dis
tinguished by the productivity degree for the major commercial minerals (or elements) in 
every group. Commercially, the beryllium, lithium and complex (Li,Be,Ta,Cs) evolution 
groups are the moat important among rare-metal pegmatites [1], while the crystal-bearing, 
topaz-beryl, tourmaline and spodumene (kunzite, hiddenite) groups [2]have the largest 
significance among miarolitic pegmatites. Each evolution group is terminated by a certain 
comme~cial pegmatite type. But insignificant minority of pegmatite bodies within the 
fields and the veined series refer to commercial types. The prospecting and evaluation of 
tho pegmatitea with gem-stones and piezo-raw material are rather difficult since the use
ful mineralization in them is local and uneven. 

The efficiency of prospecting-evaluation works in fields of rare-metal and miaroli
tic pegmatites significant ly increases in mapping of geochemical features of different 
pegmatite minerals, especially feldspars and micas. Feldspars and micas are enriched in 
Li,Rb,Cs,Tl and depleated in Ba and Sr , simultaneously with K/Rb, Rb/Cs, Ba/Rb decrease 
as pegmatitea productivity for rare- metal and crystal raw materials increases . Because of 
different conditions of formation each geochemical (mineragenic) pegmatite group is cha
racterized by a certain set of mineralogical-geochemical indications of the commercial 
mineralization. Besides ,the quant itative characteristics of each indication are distinc
tive for various specialized pegmatite fields. 

Diverse special diagrams (forecast- evaluation pallets) based on the contents of two 
or three moat informative clements and their ratios in feldspars and micas, are elabora
ted for the main groups of rare-metal and miarolitic pegmatites. These diagrams . show the 
regions , corresponding to non-productive, weakly- productive and commercially productive 
pegmatites , considering their specialization. The correspondence of each sample to an 
appropriate region on the diagrams is reflected on the maps tnrough special signa which 
are united in the correspondence fields! 

The mineral samples weighing 1-2 gr are collected both from the original out
crops and from the alluvium-dilivium pegmatite piles. This is especially important for 
sorting of areas with poor outcroppi ng. The mineralogical-geochemical mapping of dif
ferent scales (from 1:25000 to 1:2000) of some rare-metal and miarolitic pegmatite fields 
of the USSR has been performed. The mineralogical-geochemical mapping permits to recog
ni~e the specific features of zonation of pegmatite fields, difficult to be established 
via other methods , to determine s pecialization and the potentials of fields, their sepe
rate domains and individual pegmatite bodies,including the forecast of "hidden" zones 
productive for rare metals and gem- stone raw materials. 

The available data on the fields s tudied may be used as "standards" for the evalua
tion of new pegmatite fields. Collecting mineralogical-geochemical data increases the re
liability of the local forecast in each pegmatite f i eld. 
Reference I'! 
1. The fields of rare-metal granite pegmatites 1976, M.:Nauka, p.)28 
2. Zagorsk~ V.E., Shmakin B.M., 1987: Principles of miarolitic pegmatites classification. 
Recent problems of theoretica l and applied geochemistry. Novosibirsk:Nauka, pp .57-6). 
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SCOPE OF IMAGE PROCESSING METHODS IN GEOCHEMICAL EXPLORATION METHODS 

V8clav Bezvoda, Charles University, Czechoslovakia 

Josef JeZek, Charles University, Czechoslovakia 

Stanislav Saic, Academy of Sciences, Czechoslovakia 

The contribution is concerned with the possibilities of application of image 

processing microcomputer systems to the geochemical exploration data processing. Using such 

systems, it is possible to employ both standard methods (e.g. linear filtering, polynomial 

regression) and procedures typical for image processing (e.g. different nuance of colour 

or black and white vizualization, fast operations on large data sets, combination of 

different results). Such a way of processing is extremely sensitive to linear inhomoge

neities. 

The possibilities of the new way of processing and vizualization give a new dimension 

to tested methods developed for multidimensional data evaluation especially in the case 

of regular sampling grid in an isometrical region. 

As a practical example of exploitation of above mentioned procedure the evaluation of 

metalometric data from the locality Narysov-Zezice (Middle Bohemia) is given. (For more 
geological and geochemical details see Bezvoda et al. (1986)). 

The computation and vizualization has been performed on a French system PERICOLOR 

2001. For the standard routines user oriented software of the microcomputer, for the 

two dimensional "linear filtering (in frequency domain) a program package PERIGEO deve

loped by dr. Jezek have been used. The description as well as a Fortran 77 program for 
this method of data processing is given in Bezvoda et al. (in print). 

References: 

Bezvoda V., Jelinkova E .. and Segeth K. (1986): Evaluation of Geochemical Data 

Acquired From Regular Grids. - Mathematical Geology Vol. 18, No. 8. 

Bezvoda V., Jezek J. and Segeth K. : FREOPACK - a program package for linear filtering 

in the frequency domain. - Computer and Geosciences. Accepted for publication 

in 1989. 
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INVESTIGATIONS OF SPACIAL GEOCHEMICAL INFORMATION 
FOR PROSPECTING PURPOSES USING CC»4PUTERS 

E.K. Burenkov, L.N.Ginzburg,B.S.Kogan 
Institute of Mineralogy, Geochemistry and 

Crystallochemistry of Rare Elements, 
Moscow, USSR 

Prognostic possibilities of geochemical information are defined by the obtained geochemical field 
model, its structural presentation is based on the fundamental Clark-Vernadski i law: contents of all 
chemical elements differ from zero in any elementary Earth space and depend on speciaL coordinates. Thus 
we consider the structure of a geochemical field as an area of spaces (Earth's crust or its part), where 
quantitative evaluations of contents of chemical elements correspond to every point of it. The main problem 
lies in non-uniform quality of primary data connected with the nature of geological objects, character and 
quality of analytical determinations which make it impossible to use directLy the statistical methods for 
compilation of prognostic geochemical maps. 

A universal system "GEOSCAN" has been developed for the effective analysis of median and small
scaled geochemical data, its algorithms are based on the conception of special behavior of multidimensional 
heuristic functions form coordinates characterizing the structure of the polyelemental geochemical field 
in details. Parallelly with the computer visualization of data heterogeneous anomalies are distinguished, 
background fields are differentiated and quantitative characteristics of separated elements of the structure 
are obtai ned . 

A package of programnes "GEOSCAN-200" has been created for the processing of large-seated 
geochemical data, its scanning algorithms are taking account of the geochemical field structure 
discreteness, which makes it possible to conclude about the time sequence of geological events, forming 
primary halos of deposits. 
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PROCESSING OF GEOCHEMICAL DATA USING "MOVING AVERAGE" METHOD FOR THE SOLUTION OF 

CERTAIN PROSPECTING AND PREDICTION TASKS 

Victor A. Bugrov, Anatoly K. Markevich, VNIIZarubezhgeologia, USSR 

1. In the process of geochemical prospecting fields of mineralized quartz veins with uncer

tain outlook often revealing. Areas of such fields can reach several square kilometers at a dif

ferent extent and vein thickness. Vein fields can bear avariouaore mineralization at a depth or 

can be indicators of unexposed ore stockworks or occuring at the initial stage of exposure. The 

study of endogenic zonation in the distribution of chemical elements in veins and assessement of 

their level of erosion plays an important role in their prognostic estimation. Similar problems 

may arise in studies of dyke fields with which can be associated concealed mineralization. 

2. The study of primary geochemical aureoles of quartz vein fields indicates, that in them, 

endogenic zonation of mineralization usually manifests itself as in geological bodies associa

ted with mineralizationw It is very important for the estimation of such fields and predict~on 

of a concealed ore deposits. 

3. The study of such zonation by traditional methods using secondary or primary aureoles of

ten fails to give expected reaul ts e,specially at their supra-ore level. Drawing of primary au

r~olee on each v~in (or dyke) is very difficult and fails to yield a general picture of their 

structure. The greatest effect is achieved when constructing generalized schemes showing the 

distribution of anomalous chemical element contents, in veins themselves. To this end, the con-

tents of elements discovered in veins are averaged by "moving window11 (moving average) method 

and from them schemes are constructed for a generalized distribution of average elements cont

ents within the entire field, as whole, B11d not from separate veins. Dimensions of "window" 

are chosen proceeding from particular geological conditions in order not less then 12-15 sam

ples fall within it. 

4. When making schema the endogenic zonation in the distribution of anomalous contents of che

mical elements, permitting to predict a possible type of mineralization and to give a qualita

tive estimation for ita level of erosion, is clearly marked. Quantitative expression of zonati

on is achieved by the determination of zonation indices by the calculation of average amount 

rations (or anomaly .productivities) for chemical elements which tend to concentrate in ore bodi

es (or subTore horizons) to contents of elements typical for supra-ore horizons. The experience 

shows that a resolving power of such indices of zonality, for example, for molybdenum stockwork 

mineralization reaches to 10 million times. 

This technique oan be suooess~ully used in studies of dyke fields and mineralization associ

ated with them~ 
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APPLICATION Of EXPLORATORY DATA ANALYSIS IN 
REGIONAL GEOCHEMICAL MAPPING IN IRELAND 

Patrick J. O'Connor, Geological Survey of Ireland, Dublin, Ireland. 
Clemens Reimann, Joanneum Research Association, Leoben, Austria. 

The Geological Survey of Ireland has initiated a programme of regional 
geochemical reconnaissance based on stream sediments. Thirty-eight chemical 

elements (Ag, As, Au, Ba, Br, Cd, Ce, Co, Cr, Cu, Eu, Fe, Hf, Ir, La, Li, Lu, 
Mn, Ho, Na, Ni, Fb, Rb, Sb, Sc, Se, Sm, Sn, Ta, Tb, Te, Th, U, V, W, Yb, Zn and 

Zr) are routinely determined by instrumental techniques (AAS and INAA) on the 

wet-sieved <l50J.Lm fraction of sediment. To date, a multielement database for 

some 2)00 samples (covering about 7,SOO km2) has been acquired for three 

regions. 
Data analysis employs resistent non-parametric techniques (Exploratory Data 

Analysis) for Objective selection of outlier values (anomalies) and class 

boundaries for each elemental distribution. Such techniques are more 

appropriate to the treatment of geochemical data than classical statistical 
procedures. The observed correlations of regional geochemical variation with 

underlying geology and of outlier values with known bedrock mineralization 

support the view that the EDA approach offers an alternative, viable, method of 

geochemical mapping in Irish terrains. 

73 



hw .fiY1~ .. ,,L rG~i!ll ts of geochemical .P·''~Bpr.ctii:.,:,: nnd mapping~ t!epond both on the methods 
of pr·ospecU.n.:;; B . .nJ. those of geochemi(~fl.l dA.tr:t proc~.;Gaiugp i~e. the efficiency of these me

tlwds .Ln r =·trtir:lng the informs.tion w.oeded for fC'recast. 
Th;:; l~~·rJt:r:-ifit::.tlvn •:::l)naidt~.i.~~: thA i:.~r'.>CLt:.di.l (L·.· :.r!" i.rnprovt~d nmthe:n'ltice.l method for si

r:ml-~! t i•>tt •.:-1 "~ -c,_t,,"(...<.i.ieat ;:;d ;....;J .~ ~·::!1 be.~:!eJ r.·~;. ~~-"~· ··x,·t.l~ nis of mu.l ti -dimensional ds. tA. El.<:: cording 

i.e• linear trC:I!d.s (wella, trf:ll!\:.hes)p two-jJ.men;.,Jonsl fi8ldo (different types of rnapping) 
w:.·.1 l-il .. r:e~-clit·;~·n£J .. cHal ~pac.-: ~·.· ... ,lume models of •Jr'l l.'i';llds Hnd depoGitB). 

'.:h.;;; mE!·d.lt.d if\ r·t~aJ.i:..",!'d ti:u·uur,lJ. ·Ght; com}i1) ~:·:rL:.•.~d >'J:fStelli A:;c.L of multi-dimensional 

1.'ir...;:dso 'fh,) uytJJ;\1fli 1.:3 ilt-~r·oduc<::d ir1. SO!J"Z -i.·,;.;j,.): .. -i,J:i~~.J. .!.~nd .:~c:tent:tfic establishments of the 

Suviet UniO:.lll anJ. l;;, u.' .. 't:d fo:c prooesLJ:i..ug '.r.: ·-~-~c~~ L'.> ~.c;· .. •cehemietil Burvey .. Ita application 

ino:reased th!:! •d.':'~1,~·:.i.'2'1' . .J (•f gooohemlcul >~•..;~t:J.n-J,; .,,; l;r··....t·:p·:!l:·~ing. The method and the system 

a'et~ dirit~.LI·{~t·.iH:t'.:ri 

conteELd iL ,;lc.·L 

_,:.,, -~·::~, Lhe c1o.l3f:>ElS"-f..;,;eooJ..ntions 

,.,· . .:. ···~l·J_, ~.:r.::'i:l~r:: (.It camplj_z,r; e.nd 2lement 

of in;;\~l'pr~t.L~~.•>> ;L:,o_;_(;_;, ::.::.. .·,f Bpc-Jc.inl ;:.":'Ol".:·~-•·<1:~ ::;.c bJing dnveL:1ped: 

In OHlcu~;_a ,,l;· .. C),,1 •,Jc.J:.!.:.{:; 7lapc .Jf :;.u··~ld.U'.:~.1.•.;1t:r~ ~he volume mod8.1.S pTovide the quan

ti Ca ti 'lt:t. C)'ta}.l<.,::. U..r·n c• _ 1<:).~ :;.~1/!fuica· ·;'1•··1·~ a o.i ,;_.l:tthl<'J ~·.:.ift1 cone en t.:.·u Cion .. 

;~u .. nun';l. l':"l~·.J.n,-, a lii' '7.": wl!· ''lr~t <· i pr,- ~ .. ~·~u• :.;c.'i ~t t.i"o:nt.: th..::.·-:mgh :iJUl ti·<ii!:l•cWJ::!.:.mal f:lA tlwd for 

.::~La:.l,~.:-_,:;,·(1. objtJ'.I.;\.1 tb:. g•.~:;;~h.f~mlceJ fr.;rrnuJP.0 u. -.k~~r:.2.10f.~"ilni~ forrn .. qt::J;n,cJ ,-;er..:-: deri1.red fr·r,m 

~~.rtmary hn.lur:Jt; w1d Btr.::t.:;n :~.),1_imontr.>- ~.'!.~ ... ' .HJlt;,i;:> :1 .:;f the :Ln•f.:;':~o J;.'.'J'r,J.em by r.l·-~thod of 

L,';., ~ . .:.'\li·kAd.":.<;} .').~ld ~lU.'-!.llt:[t.I'J.tivn (!•.-!)tpus.li.:l.u:: ::1 

r• \.:h.::r ... -.~td,:~u~e pB.<.'m:l.t ·';~1· ··y;•o of m::..lh~::-Hl.~.z ..... ,:; 

n.n-;:_ .fo~: f:!C•.lc.o~:J..t~Hl pLL'pOB'Ef;) and .1C!-l}8 

:)(Jjtit?3), 

:''.• 

type ~,;f the ..:.':Js.;L.'Ved P.aonv:~.ly ~y cumpu.'ter~ 

:le:;tent ~usor·.:l .. ~•t::.>lH~ ir' thE::! anomaly e,."rld 

··"·: 1. ;,;1 ;·:nr.i:4_c. fr.·r!tU.::'•JS to ~;e r<acogni-

··' 



REGIONAL DATABASE ON GEOCHEMICAL ANOMALIES OF 
THE UKRAINE 

(Experience of Realization and Use) 
L.S.Galetsky, B.A. Gorlitsky 

(Central Project Expedition of the Ukrainian Geological Survey "Ukrgeologia", Ministry of Geology of the 
USSR; Institute of Geochemistry and Physics of Minerals, Academy of Sciences of the Ukrainian SSR) 

An array of relational geological-geochemical database of information - logic system ''GEOMET" 
(geology, geochemistry, metallogeny) has been created. Division of results obtained from geochemical testing 
into data determining the geochemical background and data being a deviation from that background, so-called 
anomalies, is one of the function of "GEOMET". That function is provided with special procedures. 

Geochemical anomalies carry information on the substance distribution processes determining the 
geochemical background. Considerable part of the anomalies~origination processes is potentially ore
generating one. So information on geochemical anomalies differs from the background one in Logic and methods 
of application. Background information is used to determine average content or "supply" of those or other 
chemical elements into the objects to be characterized and compared. "Anomalous" information characterizes 
not so much supply of anomalous element as the confinement of potential-minerogenic events to one or another 
geological object (structural-substance complex, tectonic zane, etc.} or process (appearance of 
metasomatosis,silification, weathering, etc.), e.g., in terms of relative frequency of occurrence in the 
series of objects or processes under consideration. 

The created database on geochemical anomalies contains today data on 20 those geochemical anomalies 
of the Ukrainian Shield. A structure for the description of a single anomaly is as follows:1. Number of 
anomaly in the database. 2. Coordinates. 3.Source of data (author, year). 4. Author's number of the anomaly. 
5. Number of aiming point (outcrop, well). 6. Interval of sampling. 7. Name of the enclosing rock. 8. 
Petrolithotype of the enclosing rock. 9. Basic rock-forming minerals. 10. Accessory minerals. 11. Ore 
minerals. 12. Superimposed processes. 13. Structural-tectonic position (geoblock, interblock zone, zane of 
deep fault, etc.). 14. Stratigraphic nomenclature of the anomaty.enclosing rocks {series, complex, suite, 
rock mass}. 15. Formational nomenclature of enclosing rocks (group of formations, formation, facies). 16. 
Type of analysis. 17. Laboratory source and its metrologic parameters. 18. Content of anomalous elements. 

Technique and special software are developed in the course of creation of regional database on 
geochemical anomalies. they permit solving problems as to distinguish and typify associations of anomalous 
elements, to classify anomalies by the degree of their ore potentialities, to unite single anomalies into 
anomalous fields. Computer-aided creation of specialized catalogues anomalies, tables for construction of 
forecast functions, specialized diagrammatic maps of anomalies and values of forecast functions are eigen
functions of anomalies base. 

Database on anomalies within GEDMET is a part of common relational database and is used to analyze 
metallogenic conditions: confinement of anomalies to certain structural-substance complex, negative or 
positive fluctuations of the geochemical background, combinations of those or other geological properties. 
A series of the forecast-geochemical maps new in principle and specialized by according to the mineral
ization types is created on computer proceeding from analysis of the whole complex of data being in service 
of the GEOMET system and of developed methodic means. 
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ANOMALY REOOGNITION APPLIED TO LATERITE GEOCHEMISTRY, YILGARN BLOCK, WESTERN AUSTRALIA: APPLICATION OF DATA 
ANALYSIS AND STATISTICAL TEOtNIQUES 

E.C. Grunsky and R.E.Smith 
Divis ion of Exploration Geosci ence CSIRO, Wembley, 6014, AUSTRALIA 

The trace element compositions of later1tic materials are useful for determining the potent1al for 
precious and base metal deposits which can occur withi n the laterite itself as well as i n the under lyi ng 
bedrock. Anomalous multi-element geochemical signatures are generally assoc iated with many ore deposits and 
a variety of numer ical techniques are used in order to ref i ne the characteristics of the anomalies. 

Numerical methods have been successfull y used to desc r i be and discriminate background abundance 
levels from mine ral ized zones. These methods include princi pa l components anal ysis, d iscr iminant funct ions, 
non-hi e rarchica l c lustering and c lassif icati on techniques. Many of the trace elements are non-no rmally 
distributed and ma ny samples commonly contain a bundance levels that are less than the detect ion limit of 
the procedure used to analyze for them . Where poss i ble and a ppropri ate, transformat ions are app lied to the 
data in orde r t o use parametric stati stical procedures. Robust procedures are a l so used where standard 
parametric procedures fa il. 

Applicat ion of these techniques w1ll be demonstr ated with data from a regional later1te geochem1cal 
sampling programme together with or i entati on data with1n the Archean Yilgarn Block. 
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APPLICATION OF A NEW APPROACH TO PREDICT ORE DEPOSITS FROLi ARCHIVE DATA.S (BLOCK OF JESEN1K 

CASE STORY) 

.~ Hajek J., Grym v., Zacek u., Geoindustria Jihlava, Czechosl ovakia 

• 

During geological survey, geological mapping and regional geological studies we obtain 

geological data sets of different information level . In its variability they have one common 

propriety - they represent manifestations of mass and energy fields, hierarchicaly ordered. 

Informations , concerning mass field are contained in chemical, physieo-ohemioal, petro

logical and mineralogical analyses, in geological maps and its legends . Informations concer

ning energy field wa obtain from gsophysical and tectonic mnps. 

Informations about geological age resul t from model calculations and classification of 

stratigraphy. 

It is possible distinguish areas of disturbed geological field and not disturbed field 

by system analyses of geological data. Disturbed geological field represents potential ore 

-bearing areas. 

Da~a treatment (with a view of prediction) is made in two stages. In the first one we 

convert all data into qualitative level and define single partial fields (mineralogical , che

mical, geophysical and tectonioal fields) and we obtain so called kinematic graph delimi

nating areas of maximum distmrbances in geological field. 

In the second stage, using models of known ore depo sits we appreciate single ano~alies 

from the viewpoint of ore potential . On the basis of these results we can define with more 

precision ideas about me tallogenie systems in studied area and anomalies position in these 

systems • 

By this process ore potantial of several regions in Czechoslovakia, Cuba, Mosambique, 

Iran, Ethiopia and Mongolia was evaluated in last years . The latest eval~ated region is 

eastern segment of EurQpean Variscides in Czechoslovakia - block of Jeseniky Mts. with 

significant polymetallic stratabound mineralizations in devonian volcanogeno~s formations 

of tholeiit-daoite-rhyolite faoies. 

Facies classification was made with more precision using statistical and heuristic 

evaluation of data sets of silicate analyses o:t rooks and oreatins geochemical models of ba

sic and acid mewbree of volcanosedimentary series. Revaluating isotopic analyses o! lend from 

Jesenik ore deposits using classification by Pasians method, natural groups and their model 

ege were determined. 

Processing of lafga geological data sets from Jeseniky blook leads to creation of mo

del of metallogenic active zones. Soheme marked metallogenic significauco both Variscan 

volcanosedimontcry series and shear m1d block dislocations. 

Results of this work clearly show that above mentioned approach to dnta processing 

(respect to diffo~nt . quality of observations) onn be effective in spite of archive data 

were used . 
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STATISTICAL EVALUATION OF GEOCHEMICAL DATA ON WESTERN CARPATHIAN GRANITOIDS 

Katari na Janakova 
Geological Institute, SLovak Academy of Sciences, Bratislava, Czechoslovakia 

Statistical evaluation of data on Western Carpathian granitoids was based on a data bank comprising 
major- and minor-element data on about 650 rock samples. Except basic statistics (mean, variance, standard 
deviation, roust parameters, histograms, box-plots etc.), multivariate methods were used as well -factor 
analysis and cluster analysis. The methods have shown relative uniformity in the composition of the studied 
rocks. However, cluster analysis indicated the existence of two groups of granitoid massifs in Western 
Carpathians, forming two belts - "outer" and "inner", in accordance with determinations based on the 
evaluation of multication diagrams by I. Petrik (oral communication). 

The granitoids have been studied also from the viewpoint of their tectonic classification 
(P.D.Maniar-P.M.Piccoli, 1989, J.A.Pearce et al., 1984). Western Carpathian granitoids could be classed with 
Continental Arc (Volcanic Arc) Granitoids. 

References: 
Maniar P.O. -Piccoli P.M. (1989): Tectonic discrimination of granitoids. - Geol. Soc. Amer. BuLL. 101, 
635-643, 
Pearce J.A. - Harris N.B.W. - Tindle A.G. (1984): Trace Element Discrimination Diagrams for the Tectonic 
Interpretation of Granitic Rocks. - Journal of Petrology 25, 4, 956-983. 
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THE ROLE OF SEMI-VARIOGRAMS IN GEOCHEMICAL PROSPECTING 

U.Kramar 
lnstitut fOr Petrographie & Geochemie 

Universitat Karlsruhe/Germany 

Semi-variograms are a well known statistical tools used in the 
valuation of ore deposits (De Wijs, 1951/53; Matheron,1971; Krige 
1978). 

In geochemical exploration this method is rarely used. However it 
can be helpful to determine the minimum sampling distance. Hints 
on geological structures can be obtained and window size in 
moving average mapping determined. 
The variance between paired sample is calculat~d as a function of 
distance 

GAMMA(h) = 

~ 
J.=l 

2 * (n - h) 

GA}TIMA(h) plotted as a function of the distance between the sample 
pairs tends to a constant value at the range of influence e.g. of 
a vein type deposit (Fig 1). The diagram can be characterised by 
three values: Range a, Nugget effect c 0 and Sill c 1 . 
This is only exact for infinite 
size of the investigation area. r(~->ll 
For finite size areas periferi-
cdl effects can lead to an ·~ --~-- ~ ~------- --~~~ 
further increase of the vari-
ance if the distance h exceeds f" -~- ./..-
l/4 of ·the extension of the , -------l,.--<"-·'-'--::.··--·_·----j~--~ 
areae ~ 
This increase can be misinter- ~We -----~7- ---~-t--~~--t--

preted e.g as chemical trend. ~~, /'------ ---~~!---~~-\~ 

u~ -~ -- ~--- ---+-__,:__ Figl:Example of a Semi-variogram 
(transitive type) 
(after Welmer,l983) 

!- -RANG';' m ·-~-..!i 

The aim of this work is to present new methods which are 
able to deal with this problem. Models of semi-variogram for 
different geological situations will be calculated and compared 
to experimental ones e.g. different geological units within the 
area result in stepsized diagrams. 
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ROBUST ANALYSIS OF CHEMICAL COMPOSITIONS OF TESCHENITE ASSOCIATION ROCKS 

Pavel Machek - Oalibor MatYsek, t~ining University Ostrava, Czechoslovakia 

The hitherto published classifications of tescheni te association rocks are very unequivocal. Oue to 

complex mineral and chemical composition of rocks, great variability in structure and also due to high 
degree of secondary processes on rocks the classifications are difficult to compare and review. An attempt 

was made to establish a classification of these rocks based on their chemical compositions using multidi

rrensional mathematic-statistical methods (MACHEK - f-1ATYSEK, in press). 

The multidimensional methods provided reliable results: they made possible to define several petroche
mical rock types, tO present graphically the structure of the rocks' compositions and to reveal the basic 

trends of changes in teschenite association rocks chemism. The methods contributed to the construction of 
a ne~1 classification scheme and complemented the petrogenetic model of tescheni te association rocks gene
sis. 

Nevertheless, for the present the results must be considered only from the qualitative point of view. 

The qunti tati ve outcomes are debatable. The matt1ematical apparatus used if! the 'study involves methods deri v
ed on the basis of normal distributions of variables. 

Real geochemical data are notoriously nonnormal. Their distribution are positively skewed, leptokurtic, 
they have heavy tailS and contain outliers. The arithmetic mean and standard deviation commonly overestimate 

absolute values for both location and scale. The methods that include computation of these basic estimates 
may give bizarre results for geochemical data which are far from normally distributed. 

A very promising, viable alternative to the classical "normal" methods are their robust modifications. 
Robust estimates are designed to be less sensitive to departures from normality. They can be employed to 
provide more reliable results. From over 70 robust estimates proposed till this time especially trimmed 

rreans, Hampel's estimates, Gastwirth median, trimean can be used in many geochemical situations. They can 

be quite easily included into clustering techniques forcing also the clustering process to be robust. The 

most accssible from hierarchical methods is the group average strategy. Substituting the trimean for the 
arithmetic mean in computing the distances between clusters clustering becomes no more sensitive to out~ 

liers, ske\'Jed distributions etc. Performances with Gastwirth median or trimmed means are even more safe. 

The use of robust clustering methods is proved passing through all stages of processing of the te
schenite association rock suite resulting in ~uantitative results. 

Reference: 

Machek P. - Mat)isek 0. (in press): Tt1e mathematic-statistical study of t'le teschenite association ro.cks 

based on their chemical compositions. - Sbornik UUG, Prague. 
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SOFTWARE FOR THE TECHNOLOGY OF METALLOGENIC FORECAST 

Makedon I.D., Sadikov M.A. 

All-Union Research Institute for Ocean Geology 
and Mineral Resources · 'VNIIOkeangeologiya'', 

Leningrad, USSR 

The system of processing of packages of geological data in operating system (PGD OS) is based on 
the module principle and realized on computers of s1ngle series (SS). PGD OS contains a large set of service 
programs (sorting, conversion, merging, selections, normalization and centering, tabulation); many of them 
can use matrix ~1ith a special program. Realized was a set of statistical programs staring from computation 
of elementary statistics (of means, dispers1on, s~:andard, coefficient of variation, asymmetry coefficient, 
kurtosis coefficient, range coefficient); criteria of evaluation of their difference (Pearson test of fit, 
Student's t-test, Fisher's variance ratio, Abbe number, Barlett and Rae tests and the Like); pair, multi
fold (after Yu.K.Burkov) and partial correlation; appraisal of homogeneity of coefficients obtained; 
computation of regression, discriminant functions, different versions of regression factor analysis. A 
substantial group of programs, related to hierarchical and nonhierarchical clustering of initial data, 
1ncluding that w1th regard to geographical coordinate o-:' sampling points, was also developed. Different 
estimates for successive data are to be obtained 1n the rE!gime of 'sliding window'. 

There is a group of programs which perform a large set of petrochemical conversions (of 
coefficients, atomic ratios, virtual composition, indexes of basicity of rocks and minerals). Programs, 
intended to study the structure of geophysical fields, differ from all the rest by using uniform rectan
gular grids. In addition, there is a program for conversion of any data into such a grid. Hence, geochemical 
data can also be processed with the aid of these programs. Naturally, all parameters obtained can be 
schematically represented and mapped. 

The system envisages built-in programming aids allowing compilation of subprograms for a user by 
employing and algorithms, as well as all-purpose procedures whitch permit to vary some parameters of 
functional programs and include programs, prepared for computers SS without varying internal structure of 
the programs. Data can be transmitted to any system by both external representation and by the presence of 
system interface. 

PGD OS was used as a basis for the developrnent of schemes of tasks, to be solved with its aid, of 
processing or geochemical data, classification with regard to coordinates. All the schemes are realized as 
job batches, characterized by a certain sequence and priority. The scheme of processing provides 
organization of different conversions and accumulation of converted data for different means of their 
representation. Conversions can be associated with both separate objects (in particular, estimation of 
virtual composition of rocks, ratios, multiple indexes) and with their systems (contrast in rock types and 
groups; factors; filling up informational and local gaps). The formation itself of such systems (open and 
closed) allows us to turn to study of ordered sequences, considered as reflections of natural processes 
responsible for the formation of ore-magmatic systems. Syngenetic and epigenetic components are to be 
revealed for formed sequences; interrelations in them, as \'/ell as their variations in the process of system 
evolution, are to be evaluated; this allows matheil'atical~geochemical models of natural objects to be 
constructed. Diversity of representat1on of initial data determines variety of model reflecting various 
aspects of natural processes. Principles of actual ism and uniqueness can be taken as a basis of agreement 
between the fiJOdels and 11atural consistent patterns. The principle of uniqueness is realized by the authors 
in the form of the method of ''exclusiveness'· or, turning to terminology of the theory of pattern 
recognition, in the form of recognition without teaching; this permits its extensive application in areas 
where standards are absent and where it is difficult to collect representative samples. The proposed graph 
of processing widely employs classifications based on coordinates; this is a fundamentally new step in 
understanding of geochemical patterns, and if, furthermore, ~~e take into consideration that first three 
converted factors of typomorphic elements of a given type of mineralization are assumed as purpose 
characters for classification, then a combination of field of classes with those of ''exclusiveness'' 
reflects a rather objective estimation of mineral resource potential of the area. The sequence of such an 
estimation is determined by the scheme of strategy of geochemical prognosis, atl data for which are obtained 
from the scheme of processing, resulting in mapping of all necessary information and tabulation of basic 
data. Computer-aided construction of polyelemental geochemical maps by the procedure of extreme situations 
and concentrations, contrasts, contents (COCOC), worked out by the authors, also represents an important 
link in the scheme of metallogenic forecast; although its software will no doubt be improved, even its 
current state allows solution of problems raised. 

PGD OS acts on computers SS within operating system OS SS. Under way are works at organization of 
exploitation of all the functional programs of the package in two other media, namely, systems of virtual 
machines (SAM SS)and MS DOS (IBM PC). 
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MODIFIED CELL METHOD - }D GEOCHEMICAL MODELLING 

Petr Obst, Center of Applied GeocheruistryD Geoindustria Co., Jihlava 

The specific modification of the cell method VfBB developed at the Center of Applied 

Geochemistry, Geoinduatria Co., for the processing of very variable geochemical data of 
some localities. 

The cell method is based on division of a studied space into regular segments tcells). 

Every cell is characterized by the samples inside of it. According to the coincidence or 
the similarity of these cheracteristics it is possible to group the cells to larger units 
and to interpretate geochemical relations in a studied area. 

The method developed by the CAG appoints no statistic parameters in cella ~as it. is 

usual in most of other similar methods used by many authors) but it calculates concrete 
percentages of studied characteristics. In this way widely known problems with the reli

ability of statistic parameters are eliminated. 

The effectiveness of this method may be shown on two localities where this method 
was successfully used: the gold deposit Celina and the polymetalic deposit KfiZanovice. 

Both deposits are of complicated geological and geochemical situation. Geochemical data 

were very variable and the processing by classical methods gave no sensemaking results. 

The Celina deposit is attached to the contact of the Central Bohemian Pluton with 
the Jilove Belt. The Jilove belt consists of effusive rocks end ·tuffs metamorphooed into 
the greenstones facies and contactly alterated by the granitoids of tho Central Bohemian 
Pluton. 

The dominant tectonic structure of the deposit area is the large \','E mylonite zone 
strongly deeping to N. There exists a genetic relation between this zone and the paralell 

system of gold-bearing quartz veins up to 0.5 min thickness with trace contents of sul
phides and local accumulations of the :younger genetic type of scheelite t the gold-bearing 
mineralization of the deposit). 

The second genetic type of echeelite is a member of the second, older, significant 

mineralization type of the deposit - volcanogenic stratiform sulphide mineralization. 

Geological situation of the deposit then can be characterized by fast changes of 

the lithological environment and by the interaction of two main types of mineralization. 
For the evaluation the deposit was divided into 150 cubic cells arranged regarding 

the network of underground prospecting workings. 
After filtering away of the disturbing geochemical signal of the rock environment 

the space distributions of studied elements were drawno According to the space correlation 

the elements were divided into two associations: 

1. the association of stratiform mineralization - Cu, Zn, Pb, Ag 
2B the associati·on of gold-bearing mineralization, which turned out to be zonal paralelly 

with the mylonite zone as follows: lAs+Sb) ~ (Au+Bi) _, (Mo) with B as a rim of the 

most intensively mineralized center of the deposit. 
W ie noted for the transient distribution between these associations~ 

Here the evaluation was temporari.ly interrupted till further data will be disposable. 
The polymetalic deposit KfiZanovice (barite, Zn, Cu 1 Pb) is situated near the border 

of two rock types of the Nasavrky Massif - tonalitas and the KfiZanovice granite. The 
deposit is developed in strongly deeping WE zone of dynamically and metasomaticaly altered 
rocks tporphyroides and various types of quartzites). Stratiform and lens-shaped orebodies 

themselves are considered to be the product of the final phase of metasomatism. 

In the deposit cent~r there are orebodiee arranged to the discontinuous fold-like 

arc. This arc was interpreted as the strongly compressed anticlinal bendo But some facts 
did not support this interpretation. 

The deposit space with 61 burehole~ in 15 cross sections was divided into 56 cells 

prolongated paralelly with the course of the cross sections. 
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The most important result of data operations in cells is the model of the vertical 
zonality of the deposit. Downwards from the surface level these zones follow: (Baso4±ZnJ ~ 
~ tZn+Baso4 ) 4 tCu±Zn) ~ lCu). Pb is not included into this zonality because the major 
part of Pb pertains probably to one of post-ore mineralization periods. 

This knowledge about the vertical zonality was the missing link for the interpretation 
of the deposit morphology. Now the fold-like shape of main orebody could be re-interpreted 
as the result of activity of a complicated system of paralell faults. 

Except for here described )D variety of the cell method there is disposable 2D 
variety at the CAG, too. It is used for the evaluation of a surface prospection. Both 

variate were successfully applicated in various mutations at a number of localitias4 

References: 
Sticha R. ll987): Model vertikalni zon8lnosti aureoly loZiska KfiZanovice a vyhodnoceni 

litogeochemickjch dat zOny KfiZanovice - Samafov. zavereCn8 zprava Ukolu 
KfiZanovice 01 SJ 3101. MS CAG archives, Jihlava 

Sticha R. - Obst P. tl987): Etapova zprSva Ukolu Geochemicke modely Au loZiaek a Au-W 
mineralizace - lokalita Celina. MS CAG archives, Jihlava_ 
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STRUGTUllAL ANALYSIS OF -JEOOHEIIIGAL DATA IN A LGOAL MINERAL PllEDIG'riON 

M,K.Ovsov and V.M.Pitulko, All-Union Geological Institute, LeniQJrad, USSR 

Earths substance in the process of evolution is in continuous movement which 
reSults in "an order from a chaos". C::mvecti::m is a predominanting mechanism of 
heat-and-mass transfer in the lithosphere, its traces are reflected in the features 
of geochemical fields. This mechanism is the basis of natural hierarchy of 
metallogenic units of various ranks. 

Data proceeding discovers the natural structure of ore-forming system. Main 
hierarchial structures are1 (1) the hierarchy of observable variables -
concentrations of elements and (2) the hierarchy of objects both in relationship 
and in epaoial-geometrioal co-ordination. An a15orythm of structural analysis of 
geochemical data consists in cyclic recurrences of stages of transformations of the 
same type, where the structure of variables and structure of objects have been 
analysed in suoceseiou~ The following steps have been undertaken for every stagel 

1. Cluster analysis of correlated matrix of the variables; 
2. Revealing of levels 1n the structure of variables; 
3o Selection of the most common level and definition of cluster centres as 

major correlated factors, obtainin~ of the oblique-anBled factor decision4 
4. Turning to outlining of the objects in space of the most common variables 

(calculation of values of major factors); 
5o Transtarmation of space of major correlated factors into space of ortho30Dal 

variables with subsequent hierarchial cluster analysis of the objects; 
6. The analysis of objects structure for the purpose of revealing of the levels 

of their organization~ 
This procedure is applied to every of distinquished data subsets. As a result 

the geochemical data are represented by hierarchial structure which proGressively 
develops from the most general divis_iona to more detailed and specific. 

On the 0eochemical fields of gold and rare metal objects it is ehown, that a 
number of levels of description is revealing in intensity and relationships of the 
elements. These levels are suitable for mapping and estimation of various aureoles. 
Individualization of samples in the association of an ore complex is evidently 
expressed at the zero level (maximum number of simple factors). At the first level 
Li, Ag, Tl become typomorphic; an association of sr, Bat Crt Ni is distinguished at 
the second level. The high clarke petrogenic elements are among the factors at the 
las level. A jump in an increment of similarity serves as a measure of diff'ereotiation 
at a description of levels. Change in role of variables is observed betweon levels 
and many examples !rom the practice of prospecting confirms this. 
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QUA:;TITA'I.'IV~; .t..:3Si.;.:3St.1El·IT Of.' POTEHT!AL r.:ETAL RF~SOURCES FROM STREAN\ SEDIMENTS 

v.;._.fl.c,L.'lll0': 9 Institute of Geochemistry, Irkutsk, U3SR 
1-:Fo --.<.: the im:p'..Jrtant problemn in pro<:JpectJn€; by geochemical methods is the quantita

tive a:::<B~:.:!Sf:l"::'nt of milleralization from stream 3ediments (SS). In cS.lculation procedures 
U-.e <.:~stj_mation of erosional shear level of mineralization has a great significance ( Solo

vov, LH-'5, I·olLicarpochkin~ Belogolova, 1982). The method of quantitative estimation of 

V-'ten tia.l r..ete.l resources is proposed for weakly eroded deposits. 
'-~·LL·.> n:·.~thod is brtded Qn the model of formation of an ideal stream sediment according 

'- · '- ' · - • ''' - ) 'I ., ' ""' I ~ f ) 
vV J.-.~1·6·).)1-)~.oy \ 1~135.: I'x"'bxu l(.;x-('b 

;·,L·~i::::'f! l ... :- .. ,r~r-.tu-ent productivity, m2• %; ::lx=-the area of the denuded basin, m2 ; C~, Cb "' 
subdued i.ind bae!{ground element concentrations, correspondingly,~~. 

'l'hP. amow1ts of potential resources (QD') :for the reasonable mineralization depth (D) 

" tOtre eG\;ims.ted .:::.ccordl.ng th~: formula: Qt 1 ·1 H, C' p 
D m-- •--• ~ t 

c•c 40 ~::.:i 

v;he:r~.:: t;'c ~ :.:.•~ 1.(•<-.:f'.' ~.1.'0fHJtional. coefficients: rt a 11 true 11 productivity of ss, and the 

d~.·:.i.~:i...nr, l.· .. ~(l cO!'r"}['lponds to the transition from ri·% to the potential resources of P2 
rate :tr. t•.gt[~ b 

·tl.w eotime.tiou uJ l'i; vslue is 

It may b~ derived ;1J th\:1 formulae: 

the most 
P' Ct = ....f._ 

S' 
" 

important parameter 
C'-C' + Gf CR a ~ 

G.f 

in the second equation~ 

~ 100; C.f a c~ • 100 

Pt' " 3.·.-•. ( Ct' - Gf' ) i f SS where C.f = the theoretical element concentration in the tra n o , 
confirming the statement; P ~ max o::~cvnst; P ~ = the ma..-.;:imum value of apparent productivity 

in real true element concentration in P>': ::m..cuc pointo 
'I'he value .o.t' a common proportion coefficiBnt behveen potential resources and metal 

ruserv~s in the deposit (Qo.bo) is d~termined by standartization: K=~ 
wo.b. 

U\'~ ~-;otimation of potential resources of lend, zinc, silver and gold is made for the 

--·~ i'~ren...:e ;;~i. tes, as well BS probable minernlizo.tion within one of ore-bearing fields. 

The ra·Uos between p<rtential reHourccs 11ncl metal reserves on the test deposi.t, accep

tt:d as Pnit," IJ.rnoWlt tc; 1t02:1 -:!'or leadt 0 190:1 - z:i.nc, 0,67:1 -for silver, 1,02:1-gold .. 

·rh.;:; pr,:>rni:3i>lg a.l~t;a>J ..-d thin the ore-bearing field (Fig.) are: the surroundings of the 

etandar(~. d<;>po.'Ji-~ for gold-silver mineralization ( 5,2:1 for Au; 4,9:1 for Ag) and the 

surroundinga of thtt t.:;st depoai t for pol~nnetallic ( 2, )2: 1 for Pb; 5 9 13:1 for Zn). 
'11lle spatial diat1·ibution of potential resources of the metals considered is corre

lated with ;nineJ.~A.logical-geochemical endogenic zonation. 

Fig. The potential metal resour

ces (QD)' estimated from the 
stream sediments of ore fields. 

1 - Middle Upper-Mesozoic effu

sive rocks of basic-intermidiate 
composition; 2 -Upper Mesozoic 

granitoids; 3 - Jurassic sand
stones; 4 - ore zones; 5 -stream 

beds; 6 - watershed lines ; ?
potential metal resources. 



HIERARCHY OF SYSTEMS IN ORE-SEARCHING 
GEOCitE14ISTRY 

M. A. Sadikov 
All-Union Research Institute of Ocean 

Geology and Mineral Resources 
"VNIIOkeangeologiya", Leningrad, USSR 

A scheme of the structure of geochemical prognosis has been developed by the author; the scheme is 
based on metrological estimation of all stages of works from data acquisition to interpretation; the 
sequence of stages and combination of methods; hierarchy of the whole searching process; attention to 
methodology and ideology. Each cell of a scheme can be developed into a lower-level scheme. A set of such 
different-level schemes of: strategy of prognosis; data processing; tasks to be solved with the aid of 
processing of packages of geological data; classification with consideration for coordinates was 
constructed. Current with an hierarchy of schemes, as well as within their limits, an hierarchy of system, 
considered in them, can be evaluated. Of upper-level system, the systems of views, data acquisition, 
analysis and preparation for analysis, data processing and interpretation appear to be most important. All 
of them can be quantitatively characterized only through the system of quality estimation; this is 
indirectly expressed by results of analysis. Views determine the system of space, in which they are 
realized, and the system of methods with the aid of which they can be expressed. Of systems of the next 
level, systems of samples and indicators, which are closely interrelated, should be noted. All the systems 
are based on certain notions and principles which reflect their interrelations and combinations in a 
different-Level space and determine the ways of their study, resulting in the construction of models of 
natural objects and schemes of their understanding. They are based on the principle of system approach, 
which consists in infinite divisibility of an object of study; this principle allows us to outline 
appropriate hierarchical levels according to sophistication of the system and their combination in 
independent, crossing and overlapping spaces. The interrelation of the systems of views and interpretation 
is determined by the means of data representation; this is reflected, according to redistribution of 
elements in entire matter, its portion or according to proportional variation of components in the process 
of formation of aureoles and fluxes, in the form of contents, concentrations, contrasts. Taking into 
account the fundamental role of this notion, the question of three ideologies of applied geochemistry as 
a missing Link in the t~ory of geological knowledge is raised. Depending on data representation, models, 
based on them, can appear to be inadequate to natural process and can reflect different aspects of the 
processes. Lower-Level systems from technologies and models from methods,principles, concepts. It should 
be noted that Levels of organization of the system frequently are not in line with natural Levels of 
organization of matter, thus causing a discrepancy between hypothetical models and natural regular patterns. 
Existing subjectivity of selection of firm data and the Level of statement of problems Otten determines 
ambiguity of their solution. Since the properties of systems substantially determine a set off new qualities 
of the systems, thus resulting in their self-improvement, hence study of the hierarchy of systems as 
reflecting natural features should play in ore-searching geochemistry to ensure its further progress. Upper
Level systems primarily need further investigations as their inadequate understanding is a serious handicap 
to purposeful and fruitful application of geochemical methods. Some ways of tackling these ripe problems 
are proposed. 
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'IlJE EVALUATION OF LITOCHEMICAL DISSIPATION FLO't/S 

Yurl V. snvarov, Moscow State University, u.s. S. R. 

The quantitative evaluation of geochemical anomalies in stream sediments 

HI units of the area productivity P {11¥ /.) is economically very important as an 

obJective criterion for revealing of conunerclal ore deposits at the earliest 

stage of seocnemical prospecting. This paper is devoted to account a method for 

such evaluation based on the mathematical model of a dissipation flow. 

The eSllential assumptions of the model are: 

contents of all chemical elements in friable stream sediments are stable: 

CCI:,.;; ..::hanges along ttle stream bed but does not depend on t!me; 

- variations of erosion are not taken into account, 1. e. only mean values of 

parameters are considered; 

the stream transpor>tation speeds of the ore elements and the chemical elements 

vi cnuntry rocK mn;; d1 ffer. 

Relying on these assumptions there was found an equation describing the 

connection betwe<:n the superbackground contents of the ore element - the mean 

value 1n the cross section of the slope (C) - and its content in the correspon

ding f'•lnt of the dissipation flow (C): 

u -u 
o{S) dC(S)_ _£__£ C(S) do(S) 

dS + v dS C(S) - C(S)' I 1 I 

where u 
0 

v is the 

and ur are the migration speeds of the ore element and rocK elements, 

rate of erosion- the span of eroded layer per unit of time {m/s}, 

S is the area of the drainage basin for the corresponding point in the stream 

bed, and o{S) is the area of the cross section of that part of the active stream 

U1at is occupied by the transported solid material; both values are in IrJ1 

Let us discuss two cases: 

t. 411 the material entering from the slopes into the bed is completely carried 

away by the stream. In this case o:sv;ur and then (1) provides: 

Ccts, or (2) 

The value u ;u corresponctz to the empiric parametre K' broadlY used in the 
1
r o 

fOl'ffiUla P:?S that descr1bes the "ideal" flows in first grade streams. 

2. The ~tream is saturated 1. e. according to the local hydrod!namical conditions 

a transports h!ghes\.. possible amount of matter. In this case o(S) :.wS where 

w is a proport!onality coefficient. From {1) we reseive: 

f;Jcds+a 
u 

[ u ° CS - J CdS ] , 
r 

(3) 

When u
0
:ur tlle formula (3) changes into the equation of "non-ideal" dissipation 

flow, also broadly used in practice. 

The evaluation of dissipation flows can llt: done using (3) by a method similar 

to the method used for FLO\'/ computer program {Shvarov, 1984) if the value of K' 

is known. This parametre can be determined, for example, by studying "ideal" 

dissipation flows in similar conditions. 

Applied for complex anomalies this method allows to evaluate the productivity 

even of those elements which u0 ~ 0 (i.e. elements forming placers) because the 

coefficient fJ (the same for all elements ·of the anomaly) may be found by companion 

elements. 

References: 

Shvarov Yu.V. (1984): Computer evaluation of 11tochem1cal dissipation flows.-

Moscow University Geology Bulletin, 2, Allerton Press Inc. New YorK. 
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THE IMITATIOI< OF GEOcHEMICAL AND GEOPHYSICAL PROSPECTIMG Oil A PERSONAL COMPUTER 

G.S.Vakhromeyev 
Polytechnical Institute, Irkutsk, 

Y.G.Shestakov, P.N.Mulin 
Nonferrous Metals Institute, Krasoyarsk, USSR 

The imitation system permits to realize the search-prospecting process, preserving the succession 
of actions of a geologist and at the same time decreasing the duration of the process from several months 
or years to minutes and hours. The model territory perspectives can be evaluated irrespective of the size 
and orientation of the search net, with analytical data being accurate. Making use of this system a research 
is able to correct his hypotheses and optimize the search methods whereas a student or a production worker 
have the possibility to accumulate an experience in carrying out combined prospecting, to analyze and 
correct their mistakes. 

The technical base of the system is a personal computer of IBM PC type. The information base is 
represented by the bank of the model territories perspective from the point of view of discovering minerals 
deposits of definite geological-commercial types. 

The system includes the following subsystems: 
1. Formation of model territories variants. 
2. Imitation of prospecting on dispersion trains. 
3. Imitation of prospecting by secondary dispersion halos. 
4. Geophysical prospecting imitation, 
5. Imitation of a geologist's actions in establishing the metallization contouring ore zones by pits 

and determining their depth by boreholes. 
6. Data processing imitation. 

The first sUbsystem on the basis of elaborated geological-mathematical model of the territory 
evaluated provides the variants that differ in number, size, Location of the prospecting objects, in their 
erosion level as well as in the character of their reflection into geochemical and geophysical fields. The 
second subsystem enables to imitate the selection and analysis of alluvium samples from the stream flows 
of different order, the panning, geological examination of slopes - the places of possible transportation 
of the ore material in the river bed as well as sampling and analysis of eluvium-deluvium. The third 
subsystem ensures the imitation of sampling and analyzing of talus deposits in modificatton of secondary 
dispersion halos, geological examination of the discovered geochemical anomalies and panning of any part 
of area. The fourth subsystem is to imitate geophysical surveys by aeromagnetic, field magnetic, gravity 
and geoelectric methods. The fifth subsystem is to imitate mine-drilling works. The sixth subsystems is 
designed to evaluate the reliability of analytical data to establish background and anomaLous contents of 
different elements, to smooth out the measured values of detecting weak anomalies and also to evaluate the 
prognosis of commercial resources of the object discovered. 

The imitation of aLL prospecting stages takes not Less then three days work including from 10 to 
12 hours spent at the personal computer terminal. The game elements of the system are: projecting with the 
aim of carrying out geochemical and geophysical works at any stage, their realization, data processing and 
interpretation, making and defending accounts in accordance with the works done. 

At present the models of polymetallic, gold-ore, skarn-magnetite deposits with corresponding 
geological situations, geochemical and geophysical fields have been worked out and are stored in the bank 
of model territories. 
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COMPUTER MODELLING OF ~'IERCURY ORE-FORMING PROCESS. 
Voitsekhovskaya M.B., Institute of geology and geophysics, No
vosibirsk, Borisov M.V., Moscow University, Moscow, USSR. 

The development of geochimical researching showes, that ela
borating of genetic's models of different types of ore-forming 
processes is the base of systematic metallogenetic analyses and 
forecasting of ore deposits. The model's way to the revealing of 
combined factors of the forming ore deposit allowes to put inves
tigations on more elevated level. One of the prospecting of ore
forming systems is the thermodynamic computer modelling. 

The thermodynamic model of process of mercury ore-forming in 
zones of argillizations is suggested. Hydrothermal system of de
posit may be described as model-system H,O,K,Na,Ca,Mg,Al,Si,Fe, 

0 

C,Cl,S,Hg under T~150 C, including 49 solidphases (minerals) and 
70 particals of water's solution. The calculating is based on 
programmGIBBS. 

The special method of quantitative appraisal of fluid's compo
sition have been worked out in order to take account the degree 
of reaction's proceeding C3) between mineral and fluid.Fluid 
composition indicated kaolinite+quarts assemlege (mole/kg H20): 
NaCl-2,0;H2C03-0,1; CaCl2-0,5;I<Cl-0,1;HCl-10-4 ; H2S-10-6-1o4;Hg-
10-6-2·10-5;for hydrosilica+quarts assemblege is (mole/kg H20): 
NaCl-2,0;H2C03-0,1; CaCl2-0,5; I<Cl-0,5; H2S-10-3-1o-1 ;Hg-1o-6-1o-7 • 
The solubility of Hg sulfide in solution is determined by HgCl~
complex (mH2S410-6 ) or by Hg

0

( ) species (mH2S-10-5-10-3), or by 
o 2 aq 

complex Hg(HS) 2 (mH2S~10- ). The precipitation of cinnabar chek-
ed up by in~uential reactions between silicate minerals of 
wall-rock and fluid, endeed. The prevalence in hydrothermal sol
lutionof complex HgCl~- fixes the coditions for precipitatin of 
native mercury in zones of argillization or formation halo of 
mercury. The precipitation of cinnabar is determined by complex 

0 . 0 
Hg(HS) 2 and there were no ore deposit if Hg(aq) species prevail 
over the hydrothermal fluid. 
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GEOSTATISTICS FOR THE INTERPRETATION OF GEOCHEMICAL ANOMALIES 

Hans Wackernagel, Ecole des Mines de Paris, France 

The well-known geostatlstical technique of kriging {cokriging in its multivariate form) builds a moving 
average of data in a spatial neighborhood. The weights of the moving average are deduced from a probabilistic 
model. 

From a geochemical/geological point of view the key question is to know whether it is profitable to use 
a technique which is based on a weighted average of several samples. Clearly the answer depends on whether 

there is a possibility for geological anomalies to have an influence on more than on~ample in the region. 
The poster presents an application to multivariate exploration data. 

References: 
Wackernagel H. /1988/: Geostatistical Techniques for Interpreting Multivariate Spatial Information. -

In: C.F. Chung et al. {eds), Quantitative Analysis of Mineral and Energy Resources, 393- 4Qg, 
D. Reidel, Dordrecht, Holland 

Wackernagel H. /1989/: Caracterisation drAnomalies Geochimiques par la Geostatistique Multivariable. 
In: S.E. Jenness et al. (eds), Geochemical Exploration 1987- J. Geochem. Explor. 32, 437- 444, 

Amsterdam. 
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ESIGE - THE EXPERT SYSTEM IN GEOCHEMICAL EXPLORATION 

Wang Weirong (1), Luo Xiwen (2), Yang Zhuxi (1), Liu Yanging (1) 

(1) Computer Section of Geochemical Exploration, Institute of Geophysical & Geochemical Exploration, 
Langfang, Hebei 102849. P.R.China 

{2) The Fourth Geological Survey, Jilin Bureau of Geology & Mineral Resources, Tonghua, Jilin 134001, 
P.R. China 

ESIGE, the expert system in geochemistry was cooperatively developed by the Institute of Geophysical 
and Geochemical Exploration and the Fourth Geological Survey, Jilin Bureau, of Geology & Mineral Resources. 
It was written in Turbo PROLOG Language on IBM PC/XT microcomputer. It consists of four modules: (1) 
knowledge base and data base management module (2} reasoning machine module (3} data acquisition and expert 
consultance module (4) message explanation and graphic display module. 

The system offers versatile management to the knowledge base and the data base, which enable the 
users to add, modify, delete, and list the rules and information in both bases. The knowledge base, data 
base, and the management module were designed to be reparable from the rest. Any of them can be edited, 
modified, and expanded individually. The inexact bidirectional reasoning with probability multiplication 
was employed to the system. The confidence Level \'laS introduced to indicate the contribution of the 
variables. 

A user's surface which consists of a set of menus is easily handled. To be more conveninent to the 
users with different purposes, it provides two input modes. (1) data input interactively: The user may 
respond to the questions inquired by the system, referring to the explanation given by the system. The 
built-in prompts will help the user with next op€ration. (2) data input in file: skilled user may choose 
the second input mode. It would be more efficient to input the necessary information from a prepared data 
file. 

An explanation to the message and graphic display module help the user to understand, to run the 
system. Users have access to a sophisticated graph1cs performance. With the visual explanation, users can 
understand the geochemical models of known areas a~d the model being consulted much better. 

The main ideas of the knowledge base and the inference-frame were dra1•m from the geological and 
geochemical data of the gold mines in Jilin Province. More than 500 rules were included. More experiments 
should be done, so as to explore the applications of the ESIGE system to the field of geochemical 
exploration. 
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A COWPUTER FOR THE RAPID EVALUATION AND SORTING OF MULTI-ELEMENT GEOCHEMICAL ANOMALIES - RESMA 

Xie Xuejing 

Institute of Geophysical and Geochemical Exploration 
Langfang, Hebei 102849 

People's Republic of Ch1na 

A computer system for the rapid evaluation and sorting of multi-element geochemical anomalies 
(System RESMA} was developed. The system is able to: 

1. Resolve the single-element data into a local and a regional component, and plot the single-element 
component maps of background surfaces and anomalies. 

2. Calculate the normalized areal productivity (NAP) of each single-element anomaly. 

3. Hrite down the "single-element anomaly series" by taking any one element anomaly as center and write 
down all other element anomalies overlapped to a certain extent with this central anomaly in a 
sequence arranged according to the magnitude of their NAP values. 

4. Delete all the anomaly series in which the NAP value of the first element is less than the second 
one. The remainders are all the actual multi-element anomalies on the studied map. The computer will 
print out their "element association expression". 

5. The significance of the multi-element anomalies can be ranked according to the magnitude of NAP 
values of the first element on the element association expression. 

6. The multi-element anomaly map can be plotted by calculating the multi-element values MAV 1 and MAV 2 . 

The method is objective and the results can be reproducible by any worker using the same program. 
The results are normalized and can be compared between different map sheets. 

The aim of the system is not to replace subjective interpretation of the geochemists. On the 
contrary, the system could display clearly large amount of 1nformation hidden in the multi-element data and 
render the subjective interpretation more effect've. 
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PHINCIPLES OF STORAGE AND RETRIEVAL OF GEOCHEM I CAL I NJ<'ORMATION IN DATA BASES ON MINERAL 

DEPOSITS 

Vladimir G. Zolotarev , VNII Zarubezhgeologia , USSH Ministry of Geology 

The problem of s t orage , retri eval and usage of geochemical information received in the 
stud ieo of chemical features of natural object s is one of the most important in improving 

the f orecast and ass es sment of metal resources and , thus, in managing the prospecting and 
explor ation a t d i ffe rent stages of geological works . 

The most common are the i erritorial data bases that contain analytical data suppljed 

by a r e l ativel y simple desc r iption of a sample and a site of sampling . Further development 
us ua lly lies in improving the algorithms of st atistical data treatment, geochemical mapping 
a nd anomal y detec tion . 

The da ta banks that contain information a bout the geological objects (ore deposits, 
ore ocourences , etc , ) were not used t o s olve the applied geochemical problems in exploration. 
Geochemical information in such data bases may be both of primary nature (concrete sampling 

data) and o f secondary nature (compiled by a researcher). 
The goal o f the r eport is t o demonstrate t he per spectives in usage o! geochemical in

formation, that characterize a geological object , i n geochemical forecast at different levels 
of explorat ion, The data bases AIRS-Ores and AIRS-Nonmetals (Industrial Minerals) o! GEOIN

FORM System (CMEA countries) are supposed to contain various geochemical information on mi
neral deposits. It include chemical analys es for oxides and elements and physical-chemical 
( fluid inclusions, stable isotopes), indicatory (a set of geochemical indicators) and radio

l ogical data . These quantitative data characterize either a single rock or a mineral assemb
l age both of which has a certain spatial and time position, or an ore (mineral) body . Rela

tiona l - hierarchial way in tying the paramete r s (both terminological and quantitative) opens 
t he possi bility to use the geochemical inf orma tion not only with petrological-geochemical 
purposes !or s tratified and i ntrusive rock c omplexes or in studying the features of the mi

ner aliza tion but also in evaluating minera l r esources . 
At t he medium-scale (1: 50 , 000- 1 :1 00 , 000) and small- scale (1 :200 , 000- 1 :500,000 ) 

studies a deposit (an occurence) may be r epresen t ed a s an elementary cell (a point) which 

can be described in the teFme of geochemi cal spec trum of elements, r es erves and metal grades , 

tempe r a tures of formation of the concrete mi neral assemblages , and s table i s otope values. 
Eaoh of them may be used to r eveal a zonation or trend pa ttern for the whol e territ ory under 

s t udy . The zones with ce rtain character istics and with corresponding resources may thus be 

ohosen . 
The geochemical values for r ock sequences and intrusive massifs may be used as some 

s tandard values t o be compared with the changeable value s of geoch emival fields of a territo
ry , whe reas the geochemical pa ttern of a deposit - with the patterns o! multielement fields . 

This information appears to be valuable in the anomaly selection comparatively with the known 

mineral depo sits. 
Geographic g eochemical information int e racts with the object-devoted information both 

at regional (when a concrete deposit is regarded as a point with definite coordinates) and 

looal (when t he geochemical zonning of a deposi t i3 analysed in the purposes of exploration 

and exploitation) levels. 
New perspectives will be open by a combined usage of geographic and object-devot ed in

formation and choos ing the quantitative and qua litative data from a deposit description, as it 

is pos s i bl e in the AIRS- GEOINFORM data bases while carrying out geochemical exploration, espe

cially , for deep-seated deposits in _well-studi ed c ountrie3. According to B.Skinner (1987) the 
search for them will reach ita summit to 2015. At the present time regional analysis of ob
ject-devoted infotmation that des cribes mineral deposits and occurencee may be carried out 
only !or large territories, including the territories of the developing countries. 

94 



THRESHOLD OF ANOMALITY - BASE PROBLEM OF PROSPECTING GEOCHEMISTRY 

ZaCek Mo, Geoindustria Jihlava, Czechoslovakia 

ProohSzka Zo, Intergeo, Czechoslovakia 

Discover of economically effective ore deposit is the main aim of the geological survey 

works and the mean how to reach this aim is realisation of different observations - lleavy 

mineral samples, stream sediment samples, so:U and rock samples eta, Delimitation o:! ore 

provinces, ~ones, knots and ore bodies results from the data prooessing of these observati

ons, Obtained data sets are divide<i · in two base g:ronps - ths first, renecting by some way 

tile manifeatations of mineralizations (~nomalous values) and the second one, describing geo

logical environment characteristics end tlleir variability (so called background values), The 

limit, separating tllese two groups of values is collllllonly called tllresllold of anomalit;y, Con

sequently tllresllold determination represents one o:! tile base problems wllen estimating ore.po

tential of tile regions. 

In this time several methods o:! determination of the tllreshold ot anomality are u.sed, 

issued from the base rules of parametric statistic. So called three standard deviation rille 

(sum of erit@etio or geometric mean and tllreefold of standard deviation val~e),ostablished 

originaly for excluding outliers from data seta is the most frequent. (Sattran v,, Soukup B., 

1973), Then this limit value was decreased into sum of mean and one half- or twofold stan

dard deviation, with the aim increase a nnmber of anomalous samples in the data setso ~ater, 

Lepeltier' proposed a new method, (Lapel tier Co, 1969), ms.lting possible quiol< and easy estima

tion of thresb.old of anomality on the basis of tb.e graphical eval~ation of cumulative fre

quency plot in logaritmio scale (probability graph), But using distribution models takes many 

of problema, discussed up to this time in the literature (see Zacek m., Krivanek z,, 1987). 

Besides other ideas appears as for example Woodsworth one (Woodsworth in Sinclair, 1974), 

.situating threshold of anomality in the point of maxima] onrvature of oumul.ative frequ.encly 

plot. 

What have these approaches in common, is the fact there is no system view on problema& 

threshold of anomality is determined everytimo for each variable sepw:ately, when presuppo

zing independence of single variables, Resulting threshold of anomality, determined by this 

way is represented by fixed value, valid (accepted) in whole data set, Percent of anomalous 

values of each variable is practically unchangeable - 0015% in tile OBUe of tllree standard 

deviation and 2,5 % in two standard deviation oases. 

Processes in the nature go according physical and chemioaJ. laws and single natural 

objects form owing to mass energy interactions of structural units of these objects, Then 

possibility determine threshold of anomality of given element in dependence on concentration 

of other elements in sample outlines. Data processing is optimal in the level of ordinal 

variable, optimal number of variables is tllree, 

Data processing is madJunatural assemblage sets, tllese composed of positively correla

ting element so Concentration values of single elements are converted in the ordinal scale.· 
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Number of classes of each element ia equivalent, interval span is made on the basis of real 

distribution plot estimation. 

Threshold of anomality is determined step by step evaluating contingency tables in two 

and three-dimensional spaceso Thresholds of anoma.lity separate single "high density" areas 

in these spaces {areas with relatively big number of points, whereas in surroundings points 

are rare)o As result each element has several tln-esholda of anomality, depending on concen

t~ations of the other elementa in asaamblageo The name o~ this method is Pasianso 

When the number of variables is bigger than three, we are limited by hlUl!Bll imagination, 

In these cases it is neceaary to use the method of mode analyse of distribution function of 

maltidimensional random vector which is very similar in approach, 

The Pasiana method was applied for the first time in geochemical data sets from south 

- east Iran regiono Obtained renults ware very encouraging and seems to be better in com

parison with above mentioned methodso 
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ASSESSMENT OF ORE POTENTIAL OF THE GOLD-BEARING REGION AT GEOCHEMICAL MAPPIIIG 

F.A.Akhmadulin, H.V.Sanina, Institute of Geochemistry, Siberian Br.U~SH Ac.ScL,Irkutsk 

A large-scale (1:10000-1:500) geochemical mapping of endogenic geochemical fields of 

concentration (GFC) was performed for an old gold-bearing region of Kuznetsky Alatau. The 
region has a dissected topographyt forested southern slopes, coarse-clastic tailings, 
taluses on the northern slopes and bedrock outcrops in the near-apical parts. 

~:he main goal of mapping was the complex assessment of potentials for gold mineraliza
tion in the area under study. This required solution of the following problems: determina
tion of elements-indicators of mineralization, levels of their concentrating and scales 
of development, establishment of geochemical criteria for interpretation of distinguished 
geochemical anomalies and forecast assessment of deep horizons and flanks of mined ore 
veins. 

The region consists of' volcanogenic-sedimentary sequence (diabase porphyri tee, their 
tuffs, tuffschists) of PR age. The numerous quartz veins commonly have the sublatitudinal 
and north-eastern strike and steep (up to 70°) northward dipping. The mineralization 
consiats of pyritet arsenopyrite, pyrrhotite, sphalerite and galena in insignificant amount. 
A specific feature of mineralization is its telescopic nature together with presence of 
sites where the mineral associations of the early pyrite ~r late polymetallic stages are 
available. 

The geochemical mapping resulted in construction of a series of mono- and polyelement 
different scale maps with diverse infonnational meaning .. 

The local and areal types of GFC are distinguished on geochemical maps. The areal GFCs 
are on the whole characterized by the area of a region differring in the element spectrum' 
in the northern and southern parts of the territory. The element-indicators for them are 
Au, Ag, Pb, Cu, As, Bi, Mo, B with contrast coefficients 1-10 (CC normalized after back
ground)~ Within the northern part of the area the geochemical zonation (from. south to north) 
implies a replacement of element associations: Au, Ag, Cu, Pb, As, Bi-- Au, As,-Ag, Cu, 
Bi, Au, Mo, -As, Mo, B, Li, Au -As, B,[Nb, Bej, ---r.Io, llb (the elements in associations 
are situated according to CC diminishing from 10 to 3 ). Within the southern part the geo

chemical zonation implies the CC values increase (from 2 to 8) B, All:, Ag, As,.Mo towards 
the center of the region with coincidence of anomalies of these elements. 

Within the areal GFC there are local complex anomalies confined to strongly fissured 
parts of rocks. The form of anomalies is oval, elongated in the north-eastern direction. 
The dimensions may achieve 1kmx1.5km. The element spectrum of local GFC is similar to the 
composition of areal geochemical fields but CC values vary from 5 to 30 .. The study of local 
GFC with regard for geologo-structural features of the region permitted the most promising 
for gold mineralization anomalies to be distinguished at depth. 

The detailed geochemical mapping of two depoaits stripped to 900 m depth and situated 
within the northern part of the region showed that their GFC have a complex composition 
and reflect the features of mineralization. Zonation of GFC of deposits is reflected in the 
presence of three levels of element-indicators accumulation with CC 10-1000 Au, Ag, Pb, Zn, 
As, Bi (up-per)-Au, Ag, Pb, zn, Cu, Sb, Bi, Cd (average) --Au, Ag, Zn, As, W, rllo (low 
horizons) and indicates the limited potential of deep horizons .. On the whole the geochemi
cal fields of deposits have a heterogeneous structure, p~esence of local isometric anomali
es with domains of extraction and accumulation of elements within their limits reflecting 
development of ore columns of gold. 

Thus, the large-scale geochemical mapping in the old mining region revealed new sites 
promising for gold mineralization within the whole area and on the flanks of known 
deposits. 
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UNFILTERED FORM OF TRACE ELEMENTS IN ATMOSPHERIC AIR - A NEW GEOCHEMICAL PROSPECTING TOOL. 

E. L. Altman 
Leningrad State University, Leningrad 

B. Krcmar 
Geofyzika s.e. Brno 

Recently, a number of scientific and research institutes analyze emission of some metal elements 
from geological structures into soil or atmospheric air respectively. The elements in a molecular form can 
penetrate through even very thick overburden, or through sea and ~ater. The method of the molecular form 
of elements can be applied even in Localities where traditional geophysical and/or geochemical methods 
cannot be used (villages, large dwelling places, etc.). 

Concentration of the emitted elements is able to detect hidden mineral deposits (Au, Zn, Cu, Co 
etc.) and hurried geological fault structures. Possibilities of the methods are demonstrated by several case 
histories. 
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.FECULIARITits OF 'l'l!E VULUME'.f!HI C LUF.HNG OF THE MASSIVE SULPHIDE ORE- BEARING AHEA 

A.N.Arkhangel sky, Vernadsky Institute of Geochemistry and Analytical Chemistry, Academy 
of Sciences, USSR 

Geochemical prospecting of buried massive sulphide deposits is a complicated tasc in 
spite of significant progress of their investigation. The stratiforme distribution of geo
chemical anomalies, polygenetic character of halos, convergence of flanking and overlying 
zones of halos are the real reasons of this. Increas of local geochemical forecasting re
liability and geochemical prospecting efficiency may be realise by using volumetric geo
chemical mapping /1/. The base of the method is the formation of volumet ric mode l for the 
geochemical field where its morphology and zonality are shown in three-dimentional extent. 

Methodical peculiarities and the results of geochemical volumetric mapping of the Ver
khneuralsky ore area in the Southern Ural are presented in the paper. The area is distin
guished by the morphological variety of copper- rich massive sulphide deposits and by the 
detailed investigation with deep drill holes . Most deposits are buried . They are localized 
in the Middle Devonian acidic volcanic rocks , that are underlyed by basaltic unit and ov~ 
lyed by volcano-sedimentary sequences of 150-600 m thick /2/. Endogenic geochemical halos 
of the deposits ar e characterized by the combination of extended stratiform zones, which 
are in accordance to ore bodies localisation level and submited cross- cutting chut zones 
in underlying and overlying rocks . The halos dimensions have an essential diversity, espe
sially in the overlying sequences. On the bedrock surface most of the deposits are marked 
by geochemical anomalies similar to those in the fields without ore occurrences. So, sur
face geochemical mapping is not sufficie nt for the buried deposits forecasting. 

The geochemical sampling data of the deep (up t o 1-1.5 km length) drill holes cores 
have been used as the base of the volumetric mapping of the area. The prospecting drill 
holes networ!~ cells are 0 . 5•0. 5-1 km dimensions. Sampls were analyzed by semiquantitative 
spectrographi c method. Volumetric mapping was accomplished by drawing geochemic al polyele
mental cross sections di spo sed in 0 . 5-1 km to 1:5,000-1:10,000 scale and "volumetric" 
press-projection maps to 1:10,000- 1:259000 scale for the some units of rocks. Anomalies of 
Cu, Zn, Pb, Ba , Ag, As, Co, Mo , Mn concentration and Cu , Zn , Pb , Ba, Co, Mn deple tion were 
shown on the maps and cross sections. The polyelemental anomalies were d isplayed on maps 
and cross sections using the method of fields of native geochemical assosiations of .el~ents. 

As the result of volumetric geochemical mapping the prevalence of depletion zones were 
established in the anomalius geochemical field structure of the area. They have a wide de
velopment in plan and front views. The concentric lateral zonality is clearly distinguished 
in the anomalius f i eld structure . It ' s well mapped in the ore underlalng sequences and are 
characterized by the next general distributi on of anomalies in the plan view: inner zone -
corresponding to the ore bodies subjacent halo of Cu , Zn , Co , Mo, As accumulation, Cu, Co 
may be depleted there ; intermidiate - with Zn, Cu depletion anomalies and Ba , Pb accumula
tion ones; external - formed by Ba, Pb depletion. The most extended (up to 1-2 km disten~ 
are external zones , inner ones are mo r e local (up to 0.5 km in diametr). ~~ere are several 
centres of lateral zonality, corresponding to the known and potential deposits and ore oc
currences . 

Determinated features of anomalius geochemical field of the area can be well explained 
by a convection model for the deposits formation /2/. The geochemical criteria improvement 

of massive sulphide deposits forecasting and prospection and direct of further prospection 
works are the result of this investigation. 
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NEW APPROACH TO THE GEOCHEMICAL PREDICTION 
OF GOLD OCCURRENCES IN BLACK SHALES 

An. A. Asadulin 

Institute of Ore Deposit Geology, Petrography, Mineralogy 
and Geochemistry of the USSR Acad. of Sci. (Moscow, USSR) 

1. The gold occurrences of wide-spread black-shale formations are rather difficult ones for 
discovery. The disposition of gold mineralization in such formations i3 very irregular and the ores have 
shown usually no apparent differences from the surrounding rocks. Therefore it is useful to apply some 
indirect geochemical i ndi cati ens, Here, the geochemical data processing by traditional approach gives 
unreliable results due to the lack of trace-elements which are accumulated by gold deposition. 

2. The examination of probability-statistic particularities of trace-element distribution in gold 
deposits and host 0-S flyshoid formation (Uzbekistan) shows the following: the majority of trace-elements 
in the gold deposits have average contents commensurable with the local geochemical background. 
Nevertheless, the features of distribution of many elements in the ore-bearing zones and host rocks vary. 
It is due to the gold deposition process which transform the geochemical field of the host rock formation 
withciut significant gain or loss of many elements. Thereby some special zone of internal redistribution 
of trace-elements exists. We consider this zone a kind of multidimensional analogy of the so-called 
"subbackground halo" (after A.V. Cancel a.o.). The anomalous and subbackground haloes of elements compose 
the complex geochemical field of the gold occurrence. This field spread sufficiently beyond the outlines 
of ore bodies and deposits. 

3. This phenomenon permit to increase the range of the geochemical indications being used and, 
hence, sensitivity and rel'iability of gold occurrence prediction. For determination of the complex 
geochemical field of ore deposition it is expedient to apply the Basin algorithm of pattern recognition. 
This method is favorable when the sampling network and the obtained geochemical data are discrete. 
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GEOCHEMICAL MODEL OF RARE-METAL ORE-GENESIS AND ITS APPLICATION TO ORE PROSPECTING AND PREDICTION 

Ludmila F. Badanina-Syritso 
Leningrad State University, USSR 

1. The considered type of mineralization has spatial and genetic link to rare-metal peraluminous 
granites (RPG), which origin is related to the Last stage of the specific ore-magmatic systems (OMS) 
formation. These systems characterize the geodynamic regime for the zones of tectonic magmatic activization 
(TMA) of the Phanerozoic. Chemical composition of OMS is presented by discrete-succession compositional 
series of rocks from alkali gabbrotds to RPG (1). Basaltoid magma of shoshonite-latite composition is of 
petrogenetic importance in the origin of such systems. 

2. Ore-bearing RPG (apogranites} have polygenic origin. The conditions of origin for concrete intrusive 
chamber involve the mechanism of interchamber crystallization; the ratio of magmatic and metasomatic 
processes as well. Within the same geodynamic regime the origin of the either RPG geochemical type and 
related metallogenic specialization depend on the time-space of degasing of the same type rest magma. 
Autometasomatic redistribution is the determinant factor in concentration of the ore material. 

3. We consider the concentration Levels of Rb and Sr in the rocks (2) to be the key geochemical tracer 
of the degree of OMS development and the extent of mobilization to the ore-genesis. The method of Rb-Sr 
typification of intrusive formations of TMA including leucogranites hardly distinguished by other methods 
was developed on the basis of RMS structure studies. The method renders the possibility of the reliable and 
express estimation of the potential ore content for granitoid complexes in the stage of prospecting and 
surveying works and delimination of the ore productive areas in the stage of predicting and valuating works. 

4. The rubidium content in the rocks is the most effective indicator of tantalium content in lithium
fluoric type of RG (3). The strong Ta-Rb correlation serves as tl'le basis for the development of express 
analytical method of indirect valuation of tantalium content versUs the rubidium and strontium with value 
intervals invariable within the individual regions and can be considered as a universal indicator of ore 
productivity for the whole series of RG geochemical types. 
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GEOCHEMICAL FORECAST OF MASSIVE SULPHIDE DE~OSITS BASED ON THE CONVECTIVE MODEL 

Baranov E. N. , Vernad sky Institute of Geochemi st r y and Analytical Chemistry , Academy 
of Sc iences , USSR 

The genetic mode l s fo r the ore deposi t s are the f oundation for the scientific princi
pa.l s of local pro specting of bul'ied depo sits. So the genetic concepts r eview and the cre
at ion of new mode ls f or deposi t s improve t he forecast ing methods and increase the effici
ency of depo si t s prospection. 

The convect i ve (recycl i ng ) model f or t he massive sulphide deposits (MSD) has become 
wi de l y accepted . Convect i ve ore f orming systems combine flanking-descending branches , 
which are t he way s of se awat er f iltration , and central ascending ones , corresponding to 
the ore-transporting channels . The or e f orming components are leached from the rocks by 

seawa ter . So the flanking-descending br anche s ar e mar ked by zones of ore-elements deple
tion , what is a princi pa lly important for the creation of geochemical methods of MSD fore
cast . 

Recently , geochemic al forecast i s b ased onl y on r evealing and study of indicator-ele
ments accumulations ha lo s. We have carr i ed out the special investigation of ore-elements 
depletion zone s in r ock s of MSD areas . The main one was the Verkhneuralsky area , Southern 
Ural which is well inve sti gat ed wi thdeep borehole s . It allowed to complete the volumetric 
(three- dimensional) geochemical mapping of the area . 

Stati stical analy s i s of indicator- element s distribution in the unaltered rocks (out of 
near- ore halos) showed up its heterogeneity . As a rule , there are two maximums of probabi
lity density of contents , which are di stingui shed i n 1 , 5- 5 times : the first is about clark 
contents , co~re sponding to syngenetic background d i spersion of elements , the second one 
f i xes the ir depletion f rom the rocks. 

The volumetric geochemi ca l mapping conf i r med the vast distribution of depletion zones 
of Cu , Zn , Pb , Ba , Co. They have a concent s trat iform distribution in sections and are 
extended for 2-3 km d i stance in lateral plan f r om t he deposits and more than 2 km to 
t he depth. I n volumet r i c t e rms the depletion zones excel in several times the near-to-ore 
accumulat ion halos . It 1 s de t ermined the d i st i nct l ateral zoning of distribution of maxi
mt~ s of e l ements deplet i on i n direction f r om flanki ng of the ore fields towards the depo 
sits : Ba- Pb- Zn- Cu- Co . The mean level of elements depletion excel 50% of their background 
contents . I n gener al t he depletion zone s are deve l oped in the greenst one-altered volcanites 
and select ive l y situated i n the f i e lds of intensive a lbitization , hematitization, epidoti
zatton and car bonat i zation , only part l y i n the near-or e pr opylitic r ocks and metasomatites . 

The peculiari t i es of spati al distri bution of the depletion zones , their close relation 
t o altered r ocks and l ater al zoning prove t hat t hey ar e indicators of flanking- descending 
br anche s of the convect i ve systems and have be en f ormed as the result of seawater filtra
tion. Seawat er predominance in the oref ormi ng f l uids have proved by the H and 0 isotopic 
compo si tion i n sericite s from underlying metasomatites of the deposits of the area. Ore

forming convect ive syst ems bel ongs to shallow- se at ed . 
The s i milar ore-e l ements depletion zones are e stablished on MSD of the northen , mid

dle Ural , Mali Caucasus and Rudniy Altai . Yle have many r easons to assume , that they are 
the characteristic f eatur e s of ge ochemic al fi el d s of all MSD areas . 

Revealing of vast under l ying- flanking depl etion zones, which fix the descending bran
ches of convective systems , opens the neu poss ibility for geochemical forecast of MSD : 
a) revealing of the perspective ore fields using more sparse prospecting system of obser
vation; b) r ecognition of the f lanking and underly ing zones of ore fields in the absence 
of the anomalye s of the accumulation ; c) increase of determination reliability of the spa
tial position of prospected deposits on the dire ct i on of gradient vectors - from the de
pletion zone s towards the accumulation ones ; d) the quantitative estimation of the fore
c asting r esources of ore s using the mi grational balance (depletion-accumulation) of ore
-elements . All this contributes to higher e f ficiency of geochemical methods of MSD prospec
tings. 
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GEOCHEMICAL HAPPING AND MODELING OF RUDNYI 
ALTAI ORE DISTRICTS 

V. D. Baranov 
Institute of Mineralogy, Geochemistry and 

Crystallochemistry of Rare Elements, Moscow, USSR 

Geochemical maps for Rudnyi Altai, 1:200,000 and 1:50,000 scales, as a basis for prognostic
metallogenic studies mainly employ approximate-qualitative spectral analysis data for country rocks and 
stream sediments, with sampling by a common grid. Results of analyses for rock and ore compositions by 
special precise methods are also much used for metallogenic modeling. Structural-formation zonation and 
geophysical data on the Earth's crust deep structure serve as a geological basis for metallogenic modeling. 

Geochemical features for maps encompass contours of complex geochemical anomalies, their associ at ion 
with a certain formation, the composition and intensity. The map also demonstrates lateral geochemical zones 
and lithological-stratigraphical Levels with peculiar petrochemical and geochemical features which emphasize 
the structure of the geochemical zonation for the province, ore districts and ore clusters. 

The ore district is a structurally (tectonically and geochemicaLLy) isolated part of a metallogenic 
zone that formed in the geodynamic regime of island arcs on the continental crust. It is related to a 
volcanic-tectonic trough of a Devonian ore-bearing basalt-rhyolite formation which occupies an area of about 
4.000 sq.km. Such troughs are controlled by deep faults that are commonly Located across the strike of the 
province. The system of these troughs and faults feathers an elongated Longitudinal zone of the deep fault, 
with the magmatism and hydrothermal metamorphism being essentially potassium. 

The trough-depression that controls the ore district is semiclosed and has a single concentric 
centripetal structure of the geochemical zonation (petrochemical and ore geochemical}. 

Siderophile and chalcophile element associations (V, Cr, Mn, Ni, Co, Mo, Cu) are abundant mainly 
within peripheral zones of troughs, adjacent uplifts and separate anomalous fields- all with essentially 
sodium composition in magmatites and hydrothermolites. Geochemical associations of chalcophile, siderophile 
and lithophile sialic elements (An, Pb, Ba, Ag; As, Sb, Au; Fe, Mn; Sn, W, Mo; Nb, Ta, Be, Y) are 
predominantly located in the inner parts of depression and anomalous fields with sodium-potassium and 
potassium magmatism and hydrothermal metamorphism. 

The K20/Na20 ratio as welt as ratios of other eLements in different geochemical associations in 
volcanics, hydrothermal ities and geochemical anomalies clearly reflect the structure of the formation
facies zonation of ore districts, ore clusters and fields. 

The geochemical zonation of the ore province exhibits a single lateral level of ore contents, with 
the ratio of indicator-elements of the zonation being close to the background Level. This level makes up 
20-25% of the whole voLume of the ore-bearing formation, yet it contains the majority of commercial massive 
sulfide base metal deposits and geochemical anomalies. 

Within this Level the ore-bearing anomalous geochemical fields show a higher thickness and multi
stage stratiform occurrence. 

According to the composition of the ore-bearing basaltrhyolite formation, anomalous geochemical 
fields are displaced from the centre to the periphery of ore districts and ore clusters, and from bottom 
to top along the section, and are characterized by changes from essentially lead, gold-silver to complex 
massive copper sulfide mineralization. The direct rhythmical zonation is a feature of each ore-bearing 
lithological-stratigraphcial leveL. 

The anomalous field for each ore-bearing lithological-straigraphical Level has its own inner 
structure of the geochemical zonation with concentric and rhythnical elements, which extends laterally for 
several kilometers and only several tens to hundreds of meters thick. 

The muLti -stage formation of the ore-bearing basalts and rhyolites and further geological 
development of the province account for the varying degree of the tectonic deformation, intrusion and 
metamorphism of the anomalous geochemical field and ore bodies, with regeneration of the ore material 
including redeposition in overlying supra-ore geological units. The mast active and long-Lived zones with 
essential potassium magmatic manifestions are related to commercial epigenetic base metal and gold-silver 
concentrations. 

Deformation, metamorphism and regeneration did not change the parameters of the geochemical zonation 
in the district which formed during the formation of ore-bearing basalts and rhyolites. This s~tuation 
permits using data on the geochemical mapping for the reconstruction of the volcanic-tectonic ore-bearing 
structure and effective prognosis of mineralizations. 

Ores in ore districts, ore clusters and fields and in some Lithological-stratigraphical levels and 
geochemical zonation of the corresponding rank and are related to volcanics, hydrothermal i tes and 
geochemicaL anomalies. 
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BEHAVIOR OF GOLD IN POSTMAGMA. TIC AND HYDROTHERMAL CONDITIONS 
AND NEW APPROACHES TO PREDICTION OF GOLD ORE DEPOSITS 

V.L.Barsukov, N.N.Baranova, S.V.Kozerenko 
Vernadsky Institute of Geochemistry and Analytical Chemistry 

USSR, Moscow 

The study of mechanisms of the ore elements transport and formation of endogene ore is a necessary 
condition for increasing its reliability in geochemical prospecting. The theoretical basis for the 
development of new physico-chemical approaches in applied geochemistry of gold deposits is the study of 
interconnection of the processes controlling: a) chemical state of gold in the high temperature magmatic 
fluids; b) complexing forms of gold existence in the hydrothermal solutions and their transformations when 
contacting the ions of arsenic,antimony,tellurium and sulphide ions presented in solutions in considerable 
amounts; c} subsequences of buffering action of various forms of the volatile components of the fluid [ 
C,H,N,S] while mineralization of gold is formed. 

Experiments of the transportation of gold by the high temperature magmatic fluids shows its presence 
in these conditions in the form of complex AuCl

2
- [Zotov,Baranova, 1990]. At a hydrothermal stage of Lower 

temperature,when in t~e solution there are higher concentration of sulfide ions and compounds of As,Sb,and 
Te. The complex AuCl is turning into complexes Like Au(HS)

2
-· Au(AsS)z-, Au(AsS)32-, Au{SbS) 4-, AuTe2-

• Au(Te2)2
3 [Sewara, 1984; Nekrasov, Gamyanin, 1978; Nekrasov, Koniushok, 1982]. So, the change of ac

tivity of the ore-forming solution causes a decrease in concentration of sulphide ions and decomposition 
of the above complexes and change of the composition mineral association. 

The available data on the contents of various volatile components of mineral forming fluids on gold 
deposits_ [from the fluid inclusion data] show that the permanfnt existence and considerable concentration 
of such pairs of compounds as C02 - CH

4
, N - NH 4+, H s- HS04- so4

2-), determine by buffering the formation 
of the gold mineralization and may be call~d as the c~rbon,nitrogen and su_lfhate-sulphide buffers [Baran~va, 
Koltzov, 1986]. Within the range of concentration of co

2 
and CH 4 > p.10 Mat total C= 2.5 M the pyrlte

pyrrhol i te association and the mi hera Ls l; ke arsenopyr; te, chalcopyrite, antimoni te, bi smut hi ni te, argentite 
are stable. These mineral associations are common for the formations of gold-sulphide, ~old-rare metal+and 
gold-quartz type,which are mainly Located in carbon-containing deposits, The equilibr1um of N2 - NH4 at 
the contents of N2 = 0.2.M and NH

4 
+ = 10-2 - 10- 1 common for the hydrothermal fluids and pH values from 3 

to 6 is within the carbon buffer influence. Therefore, its importance is more cons~derabl_~ than the nitrogen 
one in case of gold deposits. In the field of the transfer of H

2
S into HSO (S04 _ or so2 (at _high 

temperatures],pyrite is replaced by magnetite, auripigment, covel lite, gypsum 1anhydr1te} are depos1ted, 
antimonite, argentite are stable and natural arsenic appears. These minerals are common for the near surface 
gold deposits. The ore bodies appearing on the sulphate barrier are often small, but the gold contents are 
high. 
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INVESTIGATION TECHniQUES AND NATURE OF AMMONIUM 
HALOES ON GOLD DEPOSITS 

V.L.Barsukov, S.V.Kozerenko, N.N.Baranova, L.A.Sannikova 

Vernadsky Institute of Geochemistry and Analytical 
Chemistry, USSR 

The assumption was said that reduction-oxidation reactions with participation of an organic matter at 
a leve} of Fo which corresponds to deposition of gold would be caused appearance of considerable amounts 
of NH 4 ion in hydrothermal solutions and the formation of ammonium haloes on gold deposits [Barsukov, 1982]. 
The development of ammonium-bearing potassium feLdspars and micas ln the near to ore alteration zones on 
gold deposits [Barsukov and others 1985, Sterne, Zantop, Reynolds,1984],as well as the development of the 
ammonium haloes on gold deposits [Kydd, Levinson, 1986; Barsukov, 1988) confirms that assumption. It seems 
to be reasonable to study the entire chain of the interconnected processes: appearance of the ammonium
bearing mineral phases, formation of the ammonium haloes, evaluation of the composition of hydrothermal 
solutions, changes of the organic matter of the ore-containing racks. The study of distribution of ammonium 
in rocks,minerals and oreforming solutions is accompanied by considerable analytical difficulties due to 
a low content of amrrQnium and relatively high content of total nitrogen in the object of the study. This 
circumstance and the necessity of the determination of both the total content of nitrogen and its reduced 
form [NH ] requires the use of a set of techniques which include spectrophotometric determination, IR
spectroscopic investigation,EPR technique and CHN determination. 

TheIR-spectra of micas are obtained by means of the 'Specord-75' instrument. An absorption band having 
a frequency of 1400 sm was used as an analytical one [Fig.1].The content of ammonium was evaluated in 
accordance with a graph plotted by means of standard pieces ·with ammonium content determined by 
spectrophotometric technique. 

In order to detect the nitrogen-bearing groups in fotassium feldspars the EPR technique was used,which 
provided for the determination of N2+,N2-·No

2 
and NH

3 
as well as other nitrogen-containing paramagnetic 

centres (NCPC) in minerals [Matyash, 1982]. This technique has a considerable edge over the chemical 
one,because it facilitates a simultaneous determination of nitrogen at various degrees of oxidation and it 
is very sensible. The NCPC's appear in the feldspars due to·~ .e radiation of the ammonium groups within the 
mineral structure. The typical spectrum of the NCPC in feldspars is shown an fig.2. 

The basic technique of routine analysis wh1le studying ammonium haloes within ore zones is the CHN 
analysis. The determination in samples were conducted at 600 and 900"C. Nitrogen which gets fixed at a 
temperature of 60o"c chiefly corresponds to nitrogen of an organic matter, but the 'higher temperature 
form', in general, corresponds to the NH4 + ion in the crystal lattice of mica and pottasium feldspars. The 
combination of the CHN anatysis,spectrographic determination of the ion of ammonium,IR-spectrometry,EPR 
determination provides for obtaining maximal information regarding the distribution of ammonium within the 
oremetasomatic zones. 

Data on the content of ammonium in the fluid inclusions in the quartz of ore bodies were obtained. 
Great variety of the values [np to 0.42 to 0.07 mol/kg H

2
0] were detected. Maximum concentrations were found 

in the quartz of the main stage [mean value 0.26 mol/kg]. The contents of ammonium in the fluid inclusions 
in the quartz of the Late stage were 2-3 times lower, 

The organic matter of the hosted rocks, ore bodies and near to the ore alterated rocks was subjected 
to the study. The bitumoids contents in the samples varies within up 0.1 to 0.04%. Hydrocarbons are the 
predominant fraction among b1'tumoids [73 to 87%). Results of the elementary analysis show that hydrothermal 
changes were accompanied by considerable grov1th of the oxidation degree of the organic matter and 
disappearance of nitrogen from its content. Permanent nature of the mentioned phenomena makes possible to 
suppose that the basic source of the nitrogen of the hydrothermal solutions is the organic matter of the 
hosted rocks. 

The distribution of the ammonium in the ore zones has been studied. It is confirmed that there are 
haloes of ammonium up to a length of 2-3 to 20-30 m around the ore zones with gold mineralization. Inside 
the haloes,the arrmonium ion content grows from 3 to 10-15 times as compared with background values. The 
haloes are getting longer in the upper part of the ore bodies. 

Thus, our study makes us believe that ammonium haloes found on gold deposits and located around the 
ore bodies are genetically l1nked with the transformation of the organic matter in a hydrothermal system. 
The presence of the NH ion disclosed in the minerals of wall-rock metasomatites [micas, feldspars, illites, 
montmarillonites) can be sufficiently reliable criterion of deep-seated intense oxidation of the organic 
matter that occurred in the redox potential range providing for the reduction and precipitation of gold, 
silver and number of are elements. 
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CONSTRUCTIO!l OF GEOCHEI1ICAL MODELS OF DEPOSITS BASED ON PRINCIPLES OF THEIR IILYG!:t!IC 

AriD POLYCHRONIC FORJUTION 

V .. L Baumahtein, Trans-Baikal Research Institute, Chi ta city, USSR 

L.D.Zorina, Institute of Geochemistry, IrkUtsk, USSR 

There is convincing evidence of multi-stage development of mineralization and its loca
lization at several hypsometric levels§ This is particularly common for ore-magmatic 
systems associated with ring-like volcano-plutonic structlU'es. Normally, in the structures 
of this type because of repeated moving of fluids through changing ways of transportation 
the zonal mode of location of mineralization products and geochemical haloes is signi
ficantly complicated. Their interpretation is as a rule hindered since existing methods 
are aimed at the study of integral (summary) pattern of chemical element distribution in 

endogenic haloes and do not consider individual features of element distribution at each 
stage of mineral formation. 

The method proposed is based on the historic reconstruction of geochemical fields 
considering redistribution of chemical elements in them. The main objective of studies is 

searching for indications providing the forecast of geochemical anomalies of different 
age and formations, as well as developing the criteria necessary for interpretation of 
these anomalies within spatial-temporal coordinates. At different stages of the substance 
study the three main approaches for interpretation of erldogenic geochemical fields have 
been introduced: {i) differentiated sampling, (ii) diff~rentiated scintillation spectral 
determination of element in the powder sample, (iii) typogenic analysis of geochemical 
fields .. 

The main approach at the initial stage of studies is mineralogo-geochemical mapping 

accompanied by step-by-step differentiated sampling of the substance. The material of 
a sample is visually observed as a product of the same stage of mineral formation. The 
number of samples must be correlated with types of observed mineralization~ 

At the second stage of study it is proposed to introduce the differentiated scintilla
tion approximately-quantitative spectral method in order to determine in the sample the 
concentrations corresponding to a different origin of the elements in contrast to a con

ventional semi-quantitative spectral method which defines in the sample a summary amount 
of element with no regard for its polychronous-polygenic nature. 

The typogenic analysis performed a·t the third stage by different procedures defines 

the limits of variations of numerical values of parametric characteristics of geochemical 
fields using distinctive features of composition and structure of mineral counterparts 

of elements producing these fields. The results of typogenic analysis conducted from 
reference selections show the changes in element composition in subsequent groups of ore 

mineralization varieties and lithological rock varieties. 

The final goal is construction of models of distribution of polygenic-polychronic 

geochemical fields in the three-dimensional space of the ore knot. Such a construction is 

based on the compulsory interconnection of geochemical fields with appropriate geologo

structural conditions of mineralization localization and physico-chemical medium of ore 

formation~ 

The geochemical models constructed within the spatial-temporal coordinates for 
a number of objects of polychronic molibdenum-porphyry mineralization of Buryatia and 
Mongolia were applied for solution of many geological problems, in the local forecast 
of mineralization on the flanks, deep horizons and in inaccessible for observation and 
evaluation parts of ore knots. 
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THE USE OF STREAM SEDIMENTS FOR FORECAST GEOCHEMICAL MAPS 
G.A.Belogolova, Institute of Geochemistry, lrkutak, USSR 

The geological survey from stream s edi.nents was done in one of the Siberian ore re
gions over the area of 3000km2 with the sampling density 1-2 samples per 1 km2• The two 
alluvium varities, flood silts and fine - size matrix of gravel were sampled.The silt and 
clay material depositing after floods in near- shore parts of rivers may be used to reveal 
the pattern of localization of ore mineralization. 

Monoelement and polyelement geochemical maps were ~ompiled via the method of mul
ti-dimensional field using survey data . The mapa show the element combination in anomalies 
as geochemical classes, which reflect the primary composition of element associations. 

The region under study is characterized by gold- sulphide veinlet-disseminated and 
quartz-veined mineralization, located in the Proterozoic black schists deposits. Gold mi 
neralization is checked by regional fracture zones. All patterns of gold mineralization 
development , including previously unknown ones are clearly shown on the map of gold dis
tribution' Fig.1 ) . 

Au tS7 w 

Fig.1. Element distribution in river silts : 1 -granitoids; 2 - tectonic zones; 3-5 -
element concentrations in conventional units: 3 - low, 4 - average, 5 - high. 

Gold anomalies are closely associated with tectonic dislocations . The polyelement 
maps display another specific feature of these zones. The gold stream nediments turned 
out to posses different element concentrations in various tectonic zones. The gold anoma
lies have high Mo ,Ag,Cu concentrations within the Zone 1, while the Zone 2 is characteri
zed by monoelement gold st~eam sediments with minor concentrations of other elements. In 
addition to gold,the Zone 3 is accompanied by As ,Sb,Pb,Zn. The lithophyle elements B,Li, 
Cr and Mn produce here the steady anomalies . The mentioned differences in geochemical 
specialization are connected with various types of ore mineralization as well as diffe~ 
rent levels of the erosion shear of the entire gold system. There are indications that 
gold mineralization of this type may occur in the vertical section up to 3 km. 

In the western part of the region around the granitoid massif the element composi
tion significantly varies . The rare metal elements ( W,Sn,Sc,Nb,etc.) are predominant 
here. It is evident from tungsten distribution (Fig.1) . The W anomalies along Zone 4 
seems to be connected with the concealed granitoid intrusion, that is particularly con
firmed by geophysical data. 

The mapa of gold anomalies productivity was compiled via the computer using mathe~ 
matical stream sediments model . This map permits the potential resources of ore objects 
from the stream sediments to be forecasted. 

So, the forecast-geochemical maps compiled from stream sediments provide an exten
sive information both on the location and potential resources of ore objects and on the 
geochemical features of ore systems and geological patterns. 
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G£UlOU1C-GlOCHE!-HCf.l t<ODH Or fHE UZBEit 

5lW~Tin1HH G:>LD O£POSITS 

E. 8. Rcr~;IT~dr\ 

F•.Kl Samar.!;.<on::ige-.~ugy;~", -a.srk!:nt, USSR 

Gold deposits en the !;izil-IZu:n pr.irt of <:he South "':ien Shan geosynclinal ar-e considered as the 
stratiform. They are marV.ed by a numt:vr 01., co;nrron featurt:ts: time to tl'Jctonized parts of the sections and 
the oliotostromB strata (tne L itholog:;-stratigraphic: r;nntroL) i~ 5p<tbal nearness tc the deep displacement 
faults, the gree~slatc mctarr.orph1sm of the rock, •.ocal izatian in zones of the tectonic tension with the 
predominant plicated deformations, consid(~rable ,_.e,·t~ca~ r·ange of the mineralization zones .,..,.;th the contrast 
geochemical zoning, 'che gee-chemical sp.t!:::ial izati(J~ •:;f rc,:·<-c;::;r:<:ain~d strata on Au, As, ~1, Bi, Ag, C; mainly 
metasomatic 1·;ay of ·:he are-forming. 

Typif1ctlticn of the gold ore dq::nsits i5 basw: 'Jn the i'.le:t of the prcdwctive mirr~ral-geochemical 
paragenesis. Appc;rtion;nAnt of pariiq!':f'2:'31S b ~::H1hrm~d b:; tr·,e o.;tat"istlcul gcochemic;..l data, by the 
mineralogic anal;Jsi:::. ar.d by the indirect prof,::~-:: t·.'f'C d ti·;~ :;;;:;tascrrdtism alorg the edge:; •.Jf ore deposit, 
by the peculiarities of geochemical field o:;tr ... c:.;":-". nr·, the b<:~coH of this criterion in t.nc region there 
were established tt":e deposits of the rare rr,e'::al-g:;L11t~n ;::r.d gold~n-::;~lphlo are formations. The forrr:er are 
character; zed b~• the muLti- Layer ore de~·:::>S 1 t of sadd ~ e .JrrJ ;_ens forms : n tr,e !"""<UC ~eus of antic l i r-Ji es and in 
connection with the f Leure line. Besides Au ccm;ent~ c~t icrs the orec~ ar;d t~ei r nearest vicinity show W and 
Bi geochem1cal halo. Paragenesis connectior. bet~o:eer~ the-:m ~s c::~nfi ~·r;or~d hf '~orrclati\•e andLysit,. Element
indicators of sulphide associations (As, Pb, .A.g,Cu) ar:d tits"!: cf all strongly markea early pyrite
arsenopyrite compte:,; (As) shm-1 distinct tendency to accunu;lz..t~on of Au, 81, i'i on aLL fronts of productive 
paragenesis spreading, especially in hanging sides of ore depo:..1ts. Agains·;;. a. b.::.ckgrocJJid of the centrifugal
concentric zoning Lar::cr character nf l;,'iustrial mineral occurrence complicate geoc::hemical t1eld structure. 
It results in usually polymodal changes of the coeffic-ient-index for cn::,;:.;"ing le·:e~to: o+" the ore zones, that 
sometimes all0\'1 to dra•.•i a conclusion ab...-Jut "reverse" zoning, The mineral occur-rer~co ~~; ac·::omp<:~nied by the 
guartz-biotite-chlorite-feldspar' met.8S::i',~a.tism, ~~·hi Leon th<2 p<1r-t.s 1·:1th the ~;ulphide po:~r<~genesis development 
latently metascrnatic rock of the .agriLL~c-beres•te type bec·J;;:~s apparent. In accord~cnce ·,;ith the above 
mentioned the vertical geochemical znn1r? '"G'"' Loc;,~, ,;~;fallows (from below up-..Jards); (,·il- Co)- (W2- Bi

Au) -(As - Agl) - (C;; Zn ~ Pb - Sb - f!i) - ;\g2. The morpf,cst.ruct.ural. mineraLization of this type is 
presented by ve' '1-stockwork iY:di <:;", ·stv'-'re the r_;tiJ:.~\,1"':-: r~. comp.~ncnt predo:ni nates sharply. The veins are 
situated at the ~:Jriphery of the stocb~·orl·. m;cleus ar--j al-e marl(ed by the telescope structure of the mineral
geochemical paragf;ne~ is ar:d he i ghten-:fe.:; f;:3'.d <.:orv~c·nt ~i'J.t, i om;. 

The depo~its of the gold-sulphirie ('•·:: ""arrr.:::.',~ion are preo~ent.ed b~· tbe p<JraUel-belidcd ore deposits 
in connection with a screen1ng surfacE: -:'f t.h~ ;or.i~··r· t:.·pe, !l/ trac,:.;'..-h.rsal O'"e flaf{e-schist::-sity in zones 
of viscous faulto;. rr,~ ,-:--r·e .=1~:c:umulati:ms .:~:-~ 1:Sui< 1 echc .. or,m~mi:.. G~;.>cchr::nicaliy t.ile." are! fixed in the Au 
.and As intensive a~·.cr:-E~Lc,.;z fields. Eler:cnr.-~ndi'·~:,:c;,,.; ;-.,' e~d·! (carC.;-,nate) ·•Juartz paragenesis <::.~~ Local 
anomalous \'1 and Co •·:1th nnt !""oign .::ontrast :;n ·, .... e .~~~·,(2c+; ore f·;;...,n-i,~d rml'/ on t.·u~ deep r.orizc:l, on the others 
-in +,ht• li~dt af th~ i=lrcd;.,~ci>:t~ b~ncl-:~,, t,:;_ ,:(J.','i:•:,, 'r· ·:.p~+.o of r:r1··+,i~~l telf:sco;J(;, c>POJ.tic:LL>' ~eparated from 

the ·.;~eak ~:-.., :~,.., ..'<.0, N1, Sh ancm.s.l '~"• ann"fl c,•,:i· t'.Piqte'lt>d Cu ;:;•;·J :;.r, co~:::entrat10n .::..re tl"-.e rt:;st st.<abl!:. 
This el<.'":""!t:nt rJ,..oup show t.be t;;:;n.ier~''' :·,· a:~c-:u;w,l:l':'"·"""- ;n V""·'~ i:Da:-! f:!r<"o:; c;f t.hc or~ deps,.;it.s an:i hang:ir.'} 
s ideg c.f mi nero~ i .::ed zor,C"::,. As i r. t.:'1.:: '~~·,'. c~1c,•1 -:'''' ;.r fu~p: --·::-c···<>:r-1 , ; ·; zor1 r.;J '~· co:rpl i cr~t.<~Cl b~, th:: cche lc·n 
acco;m;oriation cf the ore b-:)dies. G:..1l::!-:~·: ~·i-t.,~-arc:E:no·~:ir-it8 v~·-.r"~ .. .cJic.~;en<i"'f•'·..::o 8rcs are accc:mp;~nic< hy the 
li$b-:anite (in the ·iolcar.oqenic str;:;.t;.-, ::,,,(] red.J~·c-i \".;;i·•·s;·:e.-· cJ;•c .. -:;,rb:)r:.s.cccs tcrriger.o~.·~ ~'trata) 

chang2 of oreconta;n~r.q. Hen.:e rnenticr><£"d f<-1ct.s 1>""::1 ;:·ar · ,:;·~ : .. ~·-:.L:.,~nt. 0f t:nP. ar.orn~loc:S fit:'.,; a.Llmi to 
discrite the 'P:rti~a~ q::;.~cr.~mical ;oni;.g ,-,, .. _.a:> ~f· l'r h.-.;11·~ j_c t.gl) - (Cu -

Zn - Sbl) - Ag2 - (Ni - Sh2). 
Tat(i ng i ntc 

formatioll_, deF.:;~its, 

acccur.t. volumctricul zon'ng fo·· cf r~~~·,Jral-(]c::r...'lz.'itlica 1_ 

'~·:H"'"" • ""l::.tci ;,, ·,,r•rt'cal Sf~ct'c;fu, 

t~cm thi~ cositicr· 1~ 

't 4 s:. easy to 
",- c0nveni ent to 

· .. .-ith a~cmalous pro-juC2 orognCJsi~ estimation for the .::;rc-formatiNl t.c~ong"\ng i1.1''l or>:J resource af th<! part:., 
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l'h•· f:,JL,~ ;.of ~:i1~:l\.'!Jr_:,.; qf 1~,llti :ok1 ,,:-r'(-~;:;or·,y i;lf.'mentc. in f.in2 fraction (<:.0,5m:!l) of' 

JlnvieJ dJJpc;:.;i t::· qt. tht• intel.'II!Ollts~~:e <L;pt:t:s::::ion Ab•.'V8 o;;one-ealed buried gold deposits, sre 

t tudi <:J ~ J !: c:tHt:;IHHt t. reduein,,_:; G.i.!.~diuru of lc-.·:cl' .huri zons of nlluviol deposits, gold nnd ac

...:essrn·:: r~l·~r.,,-:_,~t.s H.L'<'" VN:s~nt in :form of p:i·.~<:ly ~·)lubl& compounds or minerRlS. In the upper 

!::_,!'5\':c .. n::'. '·"'-'~;.1 r.:·:n:ti.t.i.oH,! of w~<t ..... r e-i·.·c:ll~.t.i,;n, ·.·Jrfll soluble forms ;)f eleiT.o:mts prevBil. 

1lo•.hl·-~;!;::~;-, ~ :U :.y fl\.'.c.-".i~--jl d8pc1sit.~o, ;_;<tt·l'ae·~ WH'>..•.~:O.'G Hr:d pli"HltS. The coruLintJd geochemical 

sur.~:~;;, ~-lc::.",';(J t-hnt t:<:..n,:esled dc-pv:·.:..Lt je ~~]t.:Hrl_;,' idEmtifi:?d on th~ surince by haloes of 

ou~ e.l 8:U'~i."':..:: .:.ll st.l'f:p.:n sedi.rr..t:ni.:=- of s<;lid nnd l :l.•f:d~ phsses And by geochemical haloes~ 

.lde-nti t:.r ol" ~_~).f'mr::itt.al content of the ::,r<: t:~>dy-, n!' primary, second3r,Y, hydrochemical, 

biogeocht~r·1~ CH 1 ht~lo(::) r:.nd. utrev flu;:es is c ,:J.i"i !'f,H··d >;,' th•: correspondence coefficients 

C~-'JlC'-llAtG<-i h3 a. u;t..i.tJ ()l. f.t-o·>:·J."~:<_t.;(; t-~lenn:.·nL~ .-·.nLt.:ilU; ia '_iifi'erent media to the content of 

the :'!Bme elem~nts J.n ~Jll Oi.'e lJor~y (K.
1

) and r.'J the C')ntent in primary helo (K2 ). ValUes of 

r;crJ·e.~;pon.-.<:!liC•·' coc;·r·; '· 2.an ~rl?.ry for eHch element iu different. systems bnt sequence of ele

:n .. ;r;.-i.s f:C:.;i.Llt_•ll in .,_<.J Lbe syeterr.s i:c. cr)nstant 

\Tab] e). 

r'.)G}r:.s a super.i.rupuseol }-'';lygenetic h&lo ir.; for

Jr;cd from ~n·e 'cod:i.eG AWl their primary h8.lot~<:: 

f:t the ex!'cn~~~: of di!'fucion, cnpillnr;,t l'i-~,· 

t<lectrochemical re(1Ctions fl.nd other proct~~;.s;t"" 

l·:nJ.)e,s tre,nspG.t.'t 01'1':' n~_:;r:JP.-.iltS into lOOS'J G~ 

th~}T':': i.s ~J•l f<-:-'~~HH1,':•-' twt.Wc8n the ~1olJ 

·~-l·r,<ld r··.i)•;.-.;._.,. w;_tn ,c:Ju'icb.JJent of .ti.r;t· :.,···tc· 

+- --,"""' r+-;----+,-~ 
+ "-....._ + 

+'''-'... 

-----:-· + 
... ~_ +'.....---- + 

E:2J f E2J" ,- -, 3 E:E!' [ZJ 5 

CIDJ" 0, E0il, 12SJ 9 m 10 

__, :>hr·me r)t' J•.·•:Pl;)j.;:li.c~:il '-,_:' !--Hlt)";,·1lics 
1 tJ ~: ·,_ '· enm Sf:cl imb, t cJ in Vor·::iOCl tnne ~lcp
-·;:i ~·i~.l:,c;., ·1 - :--:lll<·:in1 c1eposits; ? ~ 
~!)t.;t.J_ji.ll·,'l'"'ll. •if-IH'f'ilr; 3- VOlC<WlO~enic
::'•;di·.,•.~-nt~Jl·:,r T0cts; 4 - L~~f;c:::'!tic And me·· 
l.wCJ.·J;'~·hic i'ormr'lti ;n oi b8SCIDE::Il1~ tJild de
I'~Ps5iljll sides; ~ - !~~~ltc; 6 - ore bo
<· ·-:r...i its _p:ir:..'_il·.~ t>·.J ·]; '/ •• sup:c:J-or~S> 
;·)lyg0neti.~ hBlo; ·~ - supuvimposed 3Rlt 
l,jlo; ) - d0rcction Jf subsurface dr~i
w1gc; 1() - piezometric 1 evel of subsur
i'<tGe .,.;nters~ 

T_i.,r-;n 011 f1u-ri.eJ dep0sit.s, resulU.ng f."!',I!Jl ~y· V~·r:.11~.n,r; :-"i!i.d biogenic ACCUhlU}qtions. 

1'-r"'d5.ti.ow11 :::--r:ocb.emical stre'l'Il .->~-:iiJ!:"•:.t. r':~,th;J.:i:--; ·-,r pro.spect.ing in intermcntnne dep

ressions :·t"r'": ·~s i.nLn·m21tive as these in ·:,til<,;:· g1::n~t,gi G':ll str,Jctures. 

'£ype of 

hBloes 

Primary 

Second"l;r·.:,: 

Stream sedil!ent 

Hydrochomicel 

Biogeochc-mie<'~l 

·J' )"ll i.j) 

·J' JS( '1) 

J,6('1) 0,(12(~; 

0,13(1) 0,02(~) 

0,02•+(2) 

J,·1~(~) 0,0J8(2) 

·-·, .I .'\. c:) 

cJ,>~3(~~) 

------ --------
* - in bracr:t::t:; - plHr:e of element i.n mobiLity ::ucet:ssion 

i!O 

0,36(1) 

0,8(1) 

o,rJ1(2) 

J,00~(2) 

0,15(1+) 

0,18(4) 

0,21(2) 

0,25(2) 



GEOCHEMICAL PROSPECTING IN STRATA-BOUND Pb-Zn ORB DEPOSITS FROM CANTABRIA (SPAIN) 

Ignacio Bravo (*), JesUs Garcia Iglesias (**) and Jorge Loredo (**) 

{*} Dpto. Geologia. Univ. Oviedo. c/Arias de Velasco s/n. 33005 Oviedo (Espafia). 

(**) Dpto. Explotaci6n y Prospecci6n de Minas. Univ. Oviedo. c/Independencia 13. 

33004 Oviedo (Espafia}. 

Strata-bound Pb-Zn sulfide deposits in carbonated rocks of Lower Cretaceous 

(Aptian-Albian age) from Cantabria (northern Spain) have been mined since the middle 

of the nineteenth century. 

In four areas {La Florida, Novales, Reocin, Santander) included on the mininq 

district, a total of 582 samples from drill holes and surface outcrops of carbonated 

rocks enclosing the Pb-Zn mineralization have been studied to know the geochemical 

and the microscopical characteristics of these rocks, and the aim of this paper is 

to study the dispersion and the distribution of some chemical elements in the rocks 

in order to try stablish some correlations between chemical elements, rocks petrology 

and the position of the rocks in relation to Pb-Zn ore deposits. 

The samples were analysed for six chemical elements {Fe, Mn, Sr, Pb, Zn, Cu) by 

atomic absortion spectroscopy, and comparison between geochemical data in limestones 

and dolomites shows an important enrichment of Zn, Fe ~nd Mn in dolomites in proximity 

the Pb-Zn mineralization. Otherwise, Sr and Pb contents in limestones are higher than 

they are in dolomites. 

As results of statistical treatment of geochemical and microscopical data can be 

found a geochemical and textural characterization of mineralized domains where Fe-rich 

dolomites have high Zn content, anyway th~y have large porosity and favourable condi

tions to fluids circulation. 

In relation with the application of these studies to the geochemical prospecting 

for these ore deposits, even if the dispersion of the analysed chemical elements in 

the rocks enclosing the Pb-Zn mineralization, can be little significant and little 

conclusive to its utilization as direct geochemical prospecting guide, the knowledge 

of these dispersions of chemical elements have enough interest to know some geochemicdl 

aspects of the mineralization, leading to a better comprehension of some metallogene

tical aspects, and the results on geochemical data for these deposits are in agreement 

with a genetic model related to late processes where the enrichment of the enclosing 

rocks in Zn, Fe and Mn is later than dolomitization, and the source of these metals is 

away from the enclosed rocks. A consideration of "late diagenetic-epigenetic deposits" 

can be concluded for these deposits. 
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CONNECUON OF TIN ORES t·nn; GfV\fiiTFS OF THE NEJOE!t-NASSIF 

1<.. Brei ter 
Geological Sul"ve;· Prague 

Gee logical and economi c-geo logicaL evaLuation of the representatives of all deposits types of tin
b£:aring ores found in th<:: western part of tne KrusnE: hor·y t~ts., and a geochem1cal research into the 
evolution of the NeJdek massif have Led to the ccnstn~cr.ion uf a model of granite massif differentiation 
and spatial distribution of tin depos1ts. 

Tl":e Nejdek mas5if is the largest granite mas::,;t' 1n trre area. It is a compl1cated body composed of 
numerous iJ~Gividual intrusions of Upper Carboniferous to Per·mian age. It intruded along the system of NW
SE faults into a transverse depression of the Krusne hory anr.icl inorium. Is it a strongly differentiated 
massif of peraLuminous granites with extreme Li, Rb, .:s, F, Sr! enrichment in the youngest differentiates. 

Fo•.n granite types represent the differentiation 
-"mountain granite" - coarse to medium-grained biotitic 
Ce=lOOppm, Sn=Bppm); 

c•,olutlon of the massif: 
m~nzogranite (Rb=200ppm, Sr=220ppm, Li 200,02%, 

-"transitional granite·· mainly fine-gr·ained, m;;,rk<=dL:,· porpnyric two-mica monzogranite. (Rb=330ppm, 
Sr=50ppm, Li

2
0.::0.03%, Ce-=50pp;n, Sn=l3ppm); 

-"Krusne hory Mts. gramte" - mostly coarse-grained bwtit1c syenogranite with the characteristic topaz 
content. Th1.:; tyf=.e ir:•;~.;des grr~at number of s1ngL:·; ·ntrusior,s of rather great differentiation. The 
relatively youngest intrusion of this type constltutes. for instance the small body of Horni Blatna 
(Rb=700-1000ppm, Sr= lOppm, L i ..,0=0. 07%, Ce=20ppm, Sn=20pt::m) ; 
-"lithium granites"- the yuvn9est, most strongly differentiated type of granites. Mostly fine-grained, less 
often medium-grained, albite-topa£-zinwaldite ali<ali feldspar granites (Rb=l400pp:r,, Sr=lDppm, Li

2
0=0.2%, 

Ce=5- lOppm, Sn=30-50ppm). They form stocks ofte::n rimmed by coarse-grained margin pegmatite- stockscheider. 
All these granites are not in any case anoroger,ic (A-type), but postorgenic originated by the crust 

material rewod;ing. 
Three types of the tin deposits are characteristic of the Nejdek rr.assif area: 

-flat peri-contact greisens with wolframite and cassiterite and subordinate molybdenite abundances in 
lithium granites; 
-so-called ··vein greisens" -steep tectonically cor;ditionr::d zones of greisenization with cassiterite in 
biotitic "Krusne hory Mts.' type granites. They are not a product of these biotitic granites, but of 
deeper seated lithium granites stock. The biotitic gr·anites are only their host rocks; 
-zones of hydrothermal tourmalinization with cass1terite in ph;LLites close to the ~~E contact of the Horni 
Blatna body. Oecending on the di::;tance from the gr.mitr~ contact and on a de.crease of temperature, zones 
developed with prevailing topa.::::ation, s1L1cification, t.curtnalirizat:an ar,d aLbitization and chloritization . 
.;: l the types of mineralization are the produc-r; of a sing~e ~n.-leraL ~;,:ing process, connected 1,•ith the 
youngest differentiates of granite massives. 

Tin is supposed 1:0 derive from lithiur.1 granites c..r .. :i ~r<r::ir B!.klr:ations or· from hydrothermal solutions 
x;i1.lt irrlfnediately followed U1~=: intrusicns of the '·:tniL.m :::r·.nitec:;. ~1·f(e otner tin-bearing ~roas of t~W 

Bohemia, the hidden lithium granite elevatior.o. wa;' cu:l<pris::: "=·~·:;r;~::;lc<:~lly valucible deposits of er.docontact 
greisens. The mineralization of vein greisens and tr.e ~hyll'ite rr,ontle seems to be less economically 
significant. 

Next exploration and prospecting etrr: r·ec:....·• J.t; ~~L!.J ~.c G.mcentr a to:: on detection of buried e LevaL ions 
and ridges of the lithium granit.~, especi;:,~: :' t,•r l'. 1 i.:>""! l.:..r:2~sc ~-~· :'"ar kno·.m r.odes of veins greisens. For 
that purpose l ithogenchem~str:,' <ot least cc. t'lE: sc ..• 1 ·" ;,"" 1: '•l ::;r~': :-..~->nuld be used together 1·1ith a detailed 
structural ana~'/Sis. 
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GHOICD OP Si\.'-~f1~II;G :._;'RACTIONS IN 'l'HJ.l.: SOLTJTION OF PR03PEC'l'IIIG '1'ASKS 

USING SECO!'m.lRY J',U.HP,-0LES Ju7)) JJISI'BI1.Slr:::' TPAlNS 

1 ~ 1l.n P.ff:i.cie:o3.: nod :>:eliable t~olution of tho geochi;Jmier~l v:r·onpt>cting ':'l.nk;1 d1~p1;nd~, "i:o n 

greater extent, on dimensions and contre.at o:Z f':t>condar:; HU:'"'•~olr:n C".nd d:l.::-:r:(:rsion b·.,.ina disco

vered in par~doule.r landeca.pe-geochemioal condit:!.on~. Jn the firot place, it concrrna regions 

with complicatfo!d <~onditions for geochemicPJ. <:.Aplr:rnt.1on~ thnt i~, arid r~(c""1.rme ·:;:'·::h eolian con

~~amination of loose sediment a under sampling and humid trcpJ-~r...l f.lnd ffil"t:-\::r-opice.l ~:·'·r.:iona with 

clayey end lateritic weathering cruets~ 

2. Thf> rAv:lew of publications as r~ga.rds t:lis problem j_ndi.catea that o..ttnnaly th~rP. make 

great efforts in the World aimed at carrying out orientation work with e. f'tiew of determining 

noptimall"l sa:nrl:i.ng fraction. In thia caee often highly contrrnrereal recoiTtl"'l.endatir.raa are given 

even for regions of similar landecape-geochem:l.ce.l condi tionA. It ie explAnt•d by a number of 

objective and subjective reaaone discussed as to many practical exarnplGa. 

3& In arid regions a correct choice of sampling fraction ie considered +,o b~ onq of the sig

nificant component for a successful conducting of geochemical !?xplnTnt:ion b:;r SN!Ondnry aureoles 

and dispersion trains. Numerous expArimenta r.P.rTL:od out in d.ifferent deserts of the World rela

ted to the Glimination of the deluting affect of eolian admb:tnreo yield 1mambiguous in.tor

mation. However, the basis thia problem solution is in the detcrminntion nf n prevRiling size 

of eolien particles transported by Hind. ReeeEU'cb-geographere have a.lread:.r long studying a gra.

nulometric oompoaition of &olian ma:teri.e..l of deaerts rmd haVE' accurrn.tlHt.~d munerouEJ data concer

ning thlEJ problem, It han boen entabliehed thr~t prr~ct:l.crJ.ly in n.J.l th0. deserts of )~h~ World (ex

cept for Atakame) f:r0m 70 to 100% of rnA.terial trmu::pt~·rt>?d bt s:'ii1d. 1 1R or lees than n~?5 m:n in 

size~ Therefor(', ~:.<:p.1o!'r1·t-~on gPochemietfl ehonld tp.Y.e into Recount P't-::.h de.tu. 

4a In the- 50-60-·iee Jn order ·Go .i1t,~OYI"r depoaitr: oi r~ ::.:!mlted rl:'..n.;e oi' n:•;·:.P.!.;: ~n humid tro-

plno,l r•.:c;:i.'."'i"lt:' rd A:!.'rica. ·;;h~re nns A.ppl:l.e'! t~r-:-;cher:d('r!l ('Y.:.:t r:·.-n:~1.rm l">y r.r:·:-cnn·l ·?"'"~~ n.'U'>:•<)};'lf! IUld di~ 

~pcro:l.on trr-~n!l with 981'lpling of -80 mesh frv.~-~~.on Md t\flf',"~e o:f ·:-~1'-' •cln-jr;- t.:·,··~ ::Jlr>~yr;•?o for 

.,5-7 chemicd. olemon·::.s. This lce.dn to !!C'thodicai mt~cr>.l.•:'J..l.:;·;·i.')LLI r.·Pd 1.~' t.L..:.· rtJdl'Ct.:rm of ~<h" ~f-

5. Wht>n plF.nniuc; proapenting by !:!;:,conda.ry enreolefl t:>lld dt~;pr.>rclcn trnlns rnd r:xperimentol 

-··;;ru'g'JtG uf ['.r'l~r-p•~cUng in cloaq, relation to a RCa.ll'· of oporatioa (<ir:tu:l"!~·~l, :re'.';iOnnl, et~J 

... p;rm~;·":io i::;;v::;; ()i' dcpordta C):p;>ci;flci tn tho ;H~COYery and posoilrle mint<rnl f'on;::~~ o:i: P.;xia:tence 

oz <.ce-~form.ir~e clwmico.l elements f'Jld i...ry.dica!~or-elements of thA minernlizn.t1nn; 

... f)br,.rac·i;.er oi R hype:rgGne migrnt.ton of ehemical elemcn·l:s and of "thrJ cc-"ati·.>n of tlecondary 

aur•Jolen and diRpers:lon trains in apecific londe:cape-geoc:hemicAl condi~~lonr> Jncl:1ir.i.ng the cha

rnctar of leA.ching and diluting of appropriate a.noma.lins in paleo- and r~cl.:!nt condi tiona, 

-·~ype of geooheru1cel arunples enalyeea which arA Rcheduled to the UHA.f':O in ;::.0 pr0ceaa of 

conducting work. 

The above fl.pproach to the choic0 of etNUp~ing frac tiona enables to rn1 tW a r&liabili ty of 

geochemical prospecting, "l:heir infcrmativity and to avoid of bsat:!Lcan .i11~reaae in the eemplinp; 

denai ty. 



A..l, :.,.., 'a:;p, ,',. 1·. r·.~s::ervi 

FG("; "<'c·lrn-:;rgeol~·giya", USSR 

Tr.e methods fo;· qua.1t1tative est.imoti,)n of Jilr;c.r-al1zat1on used in thE: union "Primorgeologija" are 
t.::"t~'<cd on the application of a n:,':lthernaticaL m·Jdel co.Tm::>n for a large group of hydrothermal ore objects in 
rrirr.a;·jc. ft·,;::- formal basis for such a 1r.cdel 1S a L 1ncar co:nbination of square-Law exponents {Gauss-type), 
;·,llich satisfactor_i Ly describ2 dhtnbution o'i' ore elcmznts concentrations in thre8-dimensional space. 

··h2 basis of t~;;; r·sc;c·i·Jod mcdel ar~d h:s a:Jequa·cc transformations, the methods and roodels ~.;ere 

;-lr".'::!lop::: ,'.:.·Local a;od ... , . .J.:-. c,J~ntit:utive forccast.Hl'] :.>f ~incralization according to primary and secondary 
!.ithot;i.~--•1.;:-... l imlos, there can be divid<!d lnto the f..:;llo;·:tng three groups. 

l. t-t:,.: .. ,ods of volumct-ic nnd flat modelling of <.1nc:nal::.1us geochemical field according to main ore
;-:;rd f'.<ll.:- i·Lrming e:-l"'n.~n~s. 

2. H-~thods of qrJantit.:;rti\'(~ estin:':!tion by rr.>.i'"-'- ~-3 t:-a.rlsformation of the concentration field of the 
clunon~:; in;;o an isotropic model., ~-.·h-ich is adequat>:: c0 u-.".: of the object under estimation according to its 
m!lir: chars.cteristics. 

3, One-dim-ans'lonal m£-thods of quE.ntitati·fe es~ i;11~.'1;ion h;/ means of specific metal potential, linear 
a,~d ::•·.J<.J ptcducci·.-it~· ;Jt ore ~dlLS d .. d tr.,~~r P•'lfi">w'l" ""'·'~~ 

Th~ above mentioned methods 11err~ pre::.enteo <"'' nl2~11<<.::·u .-.. nd realized in computer EC as complexes 
of prograrnrn~s. ~vhich present a part of ccmputer systr;:.m of forecasting ASORD - 000, ~1hich operates in the 
Dat&-Proccssing center of the union from 1985. 

The first group of meth~ds is used in s::;~~r-ch for deep mineralization according to primary 
lithochemical halos, in prcspcctir.g and estimation, du;·ing preliminary and detail exploration. ~lith these 
m:!thods for- the first time in practice of geocloemicat ilwf~stigations the volumetric rnodel of the primary 
tin halo ·,.a:; rece1ved far a part of the territory in one ore district of Primorje, on the area of 500 km2. 
The results of modelling aLlowed to estimate prc:dict•2d resources of t1n and to make their geometry in a 
three-dim2nsional space. 

The methods of the 2nd' a11d 3rd groups a l Lo~~ to soLve the tasks of prospecting and prospecting 
es-t imCii ion forecasting according to primary or :;;eCD'l,jdi-~/ L1 th.:Jchemi cal halos both in area and profile 
variat'lts. In this case one estimates: arf:-fl~rmation:J!. ~o;lor.g'ing of the object, its possible sizes, depth 
1:rf occurrence of corrmercia.l ores, predicted resourc<;s of th:.; metal, degree of erosion. Special nomographs 
a 'hand" made for estim~tinn of the t>.r:o last charact~nstics. 

Several hundreds •7"lf ore oc::ur·renc:.?~; urd g;:.:"~cnc-,1~-:::;.1. ancmalies were 0stirnated by the:;;e methods in 
i-'.L~c:.o.).._o d;Jr1ng last ;tea··~·- /-i-~~··niing to th<.t rec;-...,l.v:> :,j" ~·::.:mcrol ~·;:xks, the r.::liabilit/ of forecasting is 
0•J"~. r,.,,., hlethods are ap;;:_'i,~ablc.. f:;r c:stiro:3<·-~n; 

p.-·.;t: uu .. metals. 
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ON THE THEORY OF GEOCHEMICAL DIFFERENTIATION 
OF ELEMEIITS IN PROCESSES OF HYDROTI!ERMAL 

METAMORPHISM ANO ORE FORMING 

E.K.Burenkov, I.Ja.Erukhomovich, B.S.Kogan 
Institute of Mineralogy Geochemistry and Crystallochemistry 

of Rare Elements, Moscow, USSR 

Nowadays a new scientific branch - physical-chemical geomechanics - is being formed, which brings 
together concepts and methods of physics and chemistry of dispersive systems, geotectonics and geochemistry. 
The approach is based on the understanding of the fact, that the most general and essential sign of 
geological systems is their dispersity, i.e. developed boundary between mineral, fluid and gaseous phases 
constituting the systems. It is the character and degree of the dispersion, that determines together with 
chemical and mineral composition the behavior of the geological systems. Indeed, all the irreversible 
metamorphic processes occurring due to interaction of penetrating fluid and embedded rock include as a first 
step wetting and adsorption of most active molecules of ions of the fluid. It decreases essentially the 
surface energy and results in sharp changing of structural-mechanical properties of the rock. (Such pheno
mena of mechanical properties changes tn rock are the "Rebinder effect" reveal at tons in geological systems). 

We have considered the self-consistent process of evolution of local stress (strain), porosity of 
embedded rock and flow of hydrothermal fluid penetrating the rock and we have derived a closed system of 
phenomenological equations describing the process, temperatures and compositions of both fluid and rock 
being taken into account the influence of active hydrothermal fluid on the structure (degree of dispersion) 
of porous medium. It provides a quantitative framework for consideration of geochemical differentiation of 
elements in large-scale hydrothermal metamorphic and ore forming processes as a component of the process 
of evaluation of originally unporous and homogeneous medium under joint influence of external tectonic 
stress and active abyssal fluids. 

The set of equations of the physic-chemical mechanics is presented for some simple geochemical 
systems. General properties of solutions of these equations are considered. Under suitable conditions the 
solutions off the equations describe an appearance and evolution of dissipative structures. The conditions 
are obtained and geochemical meaning of the structures is discussed. 
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COMPARIS!m OF STREN!J-SEOH~Ein, Gt"l:fL, AND ROCK SAMPLING 
IN BASVURT VAVL.A (GiaESUtJ -TURKEY) 

Eng'in Cubukcu, Ayhan Er-li=t', ~~rd Nurkan Karahanoglu 

Middle East T<:!c:hnical University 
Department of Geological Engineering 

Ankara 06531, T~rkey 

The Basyurt anomaly, that resulted from a regional geochemical survey with stream-sediment samples, 
was studied in detail by stream-sediment, soil, and ~-ock sampling. The studied area Lies in northeast 
Anatolia, within the Pontids tectonic province. The r'=lck units in the region include limestones, basalts, 
andesites, dacites, and agglomerates of Upper Cretaceous age; basalts of Paleocene-Eocene age; and 
granodioritic intrusives of Tertiary age. 

The follow-up study resulted in two ar.o:n.;l.lles \·thich tc.t:ally cover an area of approximately 5sq km. 
Both of them are combined Cu-Pb-Zn anomalies. One 1s fowr.::i c.o be related to the mineralization on the 
intersection of two fault systems crossing the granodioritu~, und the other is related to the mineralization 
along the contact zones of granodiorites ~;ith andcsite:o. and t.Ja!;alts. 

Background, threshold, and anomalous range~ ior \~u, Pb, and Zn in stream-sediments, soils, and 
rocks, were estimated by several techniques, then optimu<r ranges \."Jere selected and utilized in preparation 
of isochemical maps. For stream-sediments, Cu ar.d Pb appear to be better tracers then Zn, which has 
occasional anomalous values that do not correlate to ~ither Cw and Pb or traces of mineralization. For soil 
samples, Cu displays a single, but wide anomaly, whereas Zn and Pb display two distinct anomalies. For rock 
samples Cu, Pb, and Zn display at Least two distinct ano~al ies. 

Trace element contents of stream-sediment, soil and rock samples were statisticallY analyzed using 
trend surfaces and multiple regression. Cu, Pb, and Zn in ~oil have southward dipping trends, whereas in 
rocks they have eastward dipping trends. Residual in both cases overlap with anomalous areas. Correlations 
between different Leaching. Correlations between c.;, Pb, a~',d Zn in the same sample type are generally sig
nificant indicating that they occur together ir~ the m~neral12ea zones. 
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GEOCHEMICAL CORRELATION AND COMPARISON BETWEEN LABRADOR 
AND GREENLAND 

P.H. Davenport, Department of Mines and Energy, St. Johns, NewFoundland 
R.G. Garrett, Geological Survey of Canada, Ottawa, Canada 
P.H. Green and P. Simpson, British Geological Survey, Keyworth, U.K. 
A. Steenfelt, Geologia! Survey of Greenland, Copenhagen, DenmR.rk. 

ABSTRACT 

Continental reconstruction of the North Atlantic region (e.g. Gower and 
Owen 1984) indicates the approximate relative positions of Labrador and 
Greenland prior to the opening of the Labrador Sea. The reconstruction 
shown here takes into consideration features appearing in the Magnetic 
anomaly map of the. Continental Margin of Eastern Canada (GSC 1988) 
thereby establishing the necessary geophysical and geological framework 
for a regional geochemical correlation study which traverses the common 
boundary between these terranes. The boundary is thought to correspond 
closely with modern coastlines in both south Greenland and Labrador as 
the reconstruction indicates. 

Further geological and geochemical constraints on the fitting of the 
Labrador/Greenland terrane boundary are provided by Patchett and 
Bridgwater (1984) who showed that the Makkovik province in southern 
Labrador and the Ketilidian mobile belt in South Greenland were formed in 
the same crust forming event and by Armour-Brown et al. (1983) who 
suggested that uranium rich districts defined by stream sediment surveys 
in each of these two areas should be correlated. 

Bridgwater and Collerson (1976) gave evidence to the close similarity 
between the early Archaean gneiss terrains at Saglek Bay in Labrador and 
Godthaabsfjord in Greenland. High uranium values associated with the 
gneisses in these two areas may therefore be correlated. 

The intercomparison of regional geochemical datasets from surveys of 
Labrador and Greenland demonstrates that even though differing sample 
media, sampling density and analytical methods were used for each 
survey, robust geochemical patterns emerge which can be used for 
correlating geological terranes across national boundaries. 
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If«<.AG£-PROCESSIMl OF GEOCHEMICAL lllHA TO 1'\AP GEOLOGICAL STRUCTURES AND ALTERATION ZONES 

Peter H. Oa•Jenport and W. Lawrence Nolan 
Geological Sur·Jey Branch, Newfounland ::Jepar·trr.ent of M1r.es ano Energy, P.O. Box 8700, St. John's, NF 

Canada, AlB 4J6. 

Both geochemical and geophysical surveys map compositional variations in bedrock so techniques 
similar to those used to enhance spatial features in geophysical data can be applied to geochemical data. 
Although based on the geochemistry of surfici~L media, shaded-relief maps of drainage sediment geochemistry 
delineate linear and curvilinear features that ar·e related to bedrock structures. Linear features arise 
in three main ways: 1) the juxtaposition of t\~o geotog1cal. units of cantrasting composition (e.g. along an 
intrusive or faulted contact); 2) alterati0n along a Linear zone (com~only fault-controlled); and 3) the 
offset of continuous geological units along a fault. 

To apply image-processing techniques the geoch<:!mical data first must be transformed into a suitable 
format by processing through four main steps; primar~: 9ridding, secondary gridding, filtering and 
preparation of a shaded-relief image. The primary gridd~ng interpolates the data from irregularly spaced 
sample sites to a square grid. Gridding parameters such as weighting factor and search radius are chosen 
to maintain as much original information (includir:g r.oise) as possible during this initial step, An 
efficient grid-cell size is chosen such tr.at the number of cel~s containing no data points, or two or more 
are minimized. Such a grid-cel.l size w1ll be close to the initial sample site density for fairly evenly 
spaced data, and the grid file size will be close to the size of the original data set. Secondary gridding 
is done to fit the initial grid to the video display device such that the secondary grid-cell size is as 
small as possible to fill the pixel array of the screen without decimation. The image at this stage 
typically shows a good deaL of small-scale variation, due Largely to sampling and analytical noise, which 
detracts from the clear perception of broader, geologically signifi'cant patterns. The spatial signal is 
clarified by filtering this image; an adapted trimmed rr.ean filter (a robust type of moving average filter 
that ignores outlying values) has been found to be effective. A shaded-relief image is then produced from 
the filtered image, either i~ grey shades or colour. The appearance of the shaded-relief image is used to 
determine whether the fiLtering parameters are acceptable; if the image contains too much high-frequency 
noise the size of the moving mean \•Iindow 1s i~creased; "if the irnage is too 'flat', it can be decreased. To 
obtain visually pleasing images it has been found that the wi~dO',o,r used in filtering should be on the order 
of 10-50 times the average sample-site density, and that even with this Large \Vindow, quite narrow features 
can be resolved. Spatial features can te '.'ananly eri'1i<.nced by ch<:~nging the vertical scaling and the 
inclination angle of ilCumination, and part1cuLar strue'Y"d~ orientations can be emphasised by varying the 
declination angle of illumination. 

The distributions of elerr.ents such as N1, Cr, Cu, and U in the regional lake sediment data for the 
islar..:i of Newfounland, C:~nada, are strong!:: controlled by lithology, and therefore clearly map major 
tecton--stratigraphic units and their s:Juct.:r.: ;r, m:1cr. the sarre waf as an aeromagnetic surveys does. Major 
boundaries bet .. Jeen g!'!OLGgical ~errains arLd the int.rusi,:e contacts of large igneous intrusions are expressed 
as abrtJpt levt::L chans~s 1n "tt1e3e eLer~e··,-,·.o, •.-.nich n:Jlr.ct corresp:.lnding changes in bedrock geochemistry. TheSe 
elements aLso dellne,1te r;;ort! subtle off;o,ets ln tre regirma: geolog:.· rJue t.o smaller-scale faulting or the 
influence of oasement strucbnes on neclr-sur:·a":e geology. Elements such as As, Sb and Pb show Less 
correspondence vntn ~;rh;~-.ry l;thology, bJt r:Jelln<:!ate areas of hydrothermal alteration, which are commonly 
fau L t-cor>troll ed, t l ne.:Oy zones. A L thoug'"'• fauLt.:::: cart be mapped b•::Jth d i rect l y and using several other indirect 
approaches (from tnG;r topographic ana d8r0!1oc'•91l~t:"c .~xpr·essJons, for e;~ampLe), geochemical mapping provides 
a way to distinguish fau~ts associated ·.;i th hyC:rutherr:~al systems frcm r,hose ,·Jhich are not. This unique 
information js part1C~Jlarl/ ·.,al.c•able 1n explorat.;an for man~; t.'/pes of hydrothermal mineral deposits, and 
on a regiona~ scale i( prO'Jldes a broad overv1ew of the Location, extent and pattern of hydrothermal 
activity. These patterns arc clarlfit=d v;hen image-processing t!2cr,niq~es are applied to the data. 

Geophysically and geochem1calLy def1nea l inears are co:-r.plernentary in that they reflect different 
aspE!cts of vanations in bedrock compos1t1on, an;:~ thej· tooth in turn cc11plement topographic linears .which 
reflect variations in \..he mechanical properti0!s af bedrock. The use of video display systems, especially 
th.)SC· ~--c·.')!"p:"Jrating data (lverlay and anc..lys1s capab-ilities are useful in identifying the more significant 
of what ca1. be n rLetnora of l i nears. 
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A SOIL GEOCHEMICAL STUDY OF THE KATO THERHES MINERALIZED Zot!E, XAHTHI PREFECTURE, N.E. GREECE 

Alecas Oemeteriades and Constantinos Zangouraglou 

Institute of geology and mineral exploration, Greece 

The mineralized zone of Kato Thermes is situated to the west of the homonymous village, an~ L~es 
50 km north of the town of Xanthi. The detailed soil geochemical survey covered an area of about 5 km w1th 
an S0x20 meters sampling grid. The results of only the narrow zane of Kate Thermes of 0.4 km

2 
area will be 

presented and discussed. 

The Kato Thermes zane is made up from racks of three different units. The oldest is the Intermediate 
Gneiss unit with leucocratic biotite gneiss, which is locally amphibolitic and banded; this is succeeded 
by the Upper Marble-amphibolite sub-series with amphibolite and graphitic marble, and the Upper Banded 
Gneiss sub-series with amphibole gneiss and banded biotite-amphibole gneiss (locally garnet bearing, 
graphitic and calcareous), which is intruded by pegmatite sills and, rarely, dykes. 

The main mineralized zone has an overall N60E direction, with an observed Length of 800 meters and 
a variable width from a few to 20-25 meters. Two types of mineralization have been identified: (a) vein Pb
Zn (+/- Py}, which is the dominant type, and (b) 'metasomatic'' replacement occurring within the marble 
of the marble-amphobolite sub-series. It should be noted that in many cases the latter type is disputed due 
to the absence of skarn minerals. It is, in fact, space infilling at sites of Least cohesion, such as 
heterogeneous contacts, open cavities, etc. The vein mineralization has qualitative and quantitative 
variations both in the horlzontal and vertical sense. 

The detailed soil geochemical survey was carried out with the aim to map the mineralized structures 
of the area. The soil sampling was executed along traverses of N40E direction, and the samples collected 
from the base of the developing 8-soil horizon and the upper part of D. This sampling method proved to be 
effective, because no substantiaL displacement of the geochemical landscape was observed due to the intense 
relief. The soil samples after drying and disaggregation were sieved to the intense relief. The sail samples 
after drying and disaggregation were sieved to the -80 mesh {0.177 mm) soil fraction and analyzed by atomic 
absorption spectrophotometry for Cu, Pb, zn, Co, Ni and Mn after digestion by a partial analytical method. 
The quantitative control of the analytical method ~~as carried out by replicate determinations on 96 random 
chosen samples. 

The soil geochemical survey mapped the ma1n :mnerdliz:ed zone of Kato Thermes as well as other NW 
and NE trends. The presentation of trace element spatial distribution t-las done by a number of techn1ques, 
which aimed in their full interpretation. The positwe residuals mapped precisely the Kato Thermes zone with 
a ratio of 1:2 to 1:4 over the mineralized zone, even o•1er sections where there 1s a defimte 1nterruption 
of the single and multi -element geochemical anomalies ,.nth alL the other treatments and presentations. The 
depth penetration of the soil geochemical method usea has been ascertained by core-drllling, and is in the 
order of 100 to 120 meters from the surface. 

This work shows that the combination of positi,;e residuaL maps and other data presentation 
techniques were definitive factors in delineat1ng the ma:21t prcm1sing sites for the occurrence of 
mineraLization and the ones which give the most dist1nct patterns. 
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RESULTS OF GEOCHEMICAL PROSPECTION IN THE SLANSKE VRCHV MOUNTAINS, EASTERN SLOVAKIA 

Lubomir D1vinec -Peter Valko 
Geologicky prieskum, Spisska Nova Ves, Czechoslovakia 

The Slanske vrchy Mts. are formed by a range of andesite stratovolcanoes of the Neogene age. This 
range has north-south course and it is formed by stratovolcanoes as follows: the Zlata Bana stratovolcano, 
the Makovica stratovolcano, the Strechov stratovolcano, the Bogota stratovolcano and the Velky Milic 
stratovolcano. Each stratovolcano is regarded as a single metallogenic unit. 

The above range of stratovolcanoes was investigated using geological, geophysical and geochemical 
prospecting methods, for the sake of prospecting of ores. Geochemical soil survey, lithogeochemistry and 
hydrogeochemistry were used. 

Central volcanic zones of the above mentioned stratovolcanoes were investigated using geochemicaL 
soil survey. Soil was analyzed both semiquantitatively and quantitatively for Cu, Pb, Zn, Ni, Co, Sb, As, 
Ag, Mo, Sn, B, Bi, Hg. More than 15 000 samples were collected. 

The most important results have been achieved in the area of the Zlata Bana stratovolcano. The 
deposit of precious and base metals is prospected there now. Very important anomalies of Zn and Pb have been 
identified here, they formed the secondary halo of this deposit. These anomalies have enabLed to direct 
prospecting works on this deposit. 

Anomalies ascertained in the other stratovolcanoes of the Slanske vrchy Mts. are not connected with 
ore mineralization, they reflect only lithological differences. 
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GEOOtEMISTRV OF SULFIDE-~JICKEL 0RE-r4AGMATIC 
SYST84S AS A BASIS OF t~E\1 APPROACH TO PROGNOSIS 

AND EXPLOAATIOO OF DEEP-SEATED DEPOSITS 

O.A.Dodin 
All-Union Research Institute for Ocean Geology 

and Mineral Resources "VNIIOkeangeologiya" 
Leningrad, USSR 

A new approach to prognosis and exploration of deep-seated deposits is developed on the basis of 
complex ore-magmatic model analysis for the largest nicl{el provinces of the world. The aim of the analysis 
in this case is prediction, based on anomalous mineral-geochemical fields of concentration (AGFC) and 
dispersion (AGFS), of sulfide-nickel ore-magmatic (SN0t1S) or tectonomag~atic systems of different type and 
character by studying and modelling processes of their generation, formation, emplacement and deveLopment. 
The rank of such systems can vary from planetary, global (metallogenic belts) through superregional 
(provinces) and regional {structuraL-metallogenic regions and .zones) to areal (ore areas) and local (ore 
fields, deposits and beds). 

Outlined is a six-stage m:x:lel of SNOMS formation: (i) premagmatic and pre-ore; (ii) volcanic; (iii) 
main intrusive and ore; (iv) main ore and intra-intrusive; ('I) final intrusive and intra-ore; and (vi) post
intrusive and final ore stages. Main geochemical features of cnmponents of each stage of SNOMS developnent 
are recognized. 

Data on chemistry of first-stage producers '"en; obtained from calculation of weighted average 
compositions of different facies of some magmatic complexes of individual chambers, zones and provinces. 
Geochemical evolution of primary magma was determ1ned in the result of study of trends on plot components 
diagrams. Considerable ~·1eighted average contents of mercury, copper, sulfur, water, chrome, platinoids, 
gold, and low nickel-copper, platinum-palladium and sodium-potassium ratios were established in the 
intrusive massifs (IM); specific features of geochemical rock types, which build up middle and Lower 
horizons of IM were determined, and a particular trend was recognized in the latter and Bowen-Like trend 
in the farmer and in the upper parts of IM. An increase in methane, hydrogen, Water, fluorine, chlorine and 
heavy hydrocarbons was revealed·for a commercial nickel-bearing contrasting antidrome volcanic association. 
A sharply reduction character of fluids, accompanied bJ the predominance of hydrogen over methane and higher 
nitrogen content, is typical of cOIMlercial nicket~bearing II~; methane dominates in Low-nickeliferous IM. 

As complex SNOMs deveLop, the content of capper, platinoids, gold, silver, mercury, potassium 
increases. As well as the presence of contrasting zonal AGFCs of these elements, as well as metasomatic 
aureoles of specific composition and structure, and sho1''S of Late ore formations (platinoid, polymettalic, 
antimony-arsenic, copper-zeolite and the like), suggest ,-jeep-seated SNOI1Ss containing rich ores. Loss of 
volatiles (mobile components) at the second stage of SNOMS deve'~opment led to an increase in coefficient 
of explosiveness, inhibited magma layering into Liquants af various composition and, first of all, excluded 
the appearance of high sulfur sulfide melt-separate ore intrusion in the case of the formation of large and 
unique deposits. It can be assumed that the higher the discrepancy bet•~een the given model of a particular 
SNOMS, the lower its nickel content. 

Complexes of rhythmically Layered pluton appear to be the mcst viable among major SNOtJ.Ss of the 
world; the pluton are related to ensial ic and intercontinental rifting, exp:,sing the deepest and 
unexhaustable mantle zones of magma formation and equi'.'aLent to t.he;n in composition and structure. 

A global temporal trend of SN0t1S development in eAp:-essed in an increase of t.he part of copper and 
palladium as compared to nickel and platinum. 
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GEO<'HEMICAI. l«lDELS OF ORE OISTRICTS AHD 
FIELDS ANO PRINCIPLES OF Tl!EIR CONSTRUCTID'I 

USIIIIG A NICKEL-BEAR!~ PROVINCE AS AH EXAK'LE 

D.A. Oodi n, M. A. Sadi ko •J and I. I. S idorov 
All-Union Research Institute for Ocean Geology 

and Mineral Resources , Le ningrad, USSR 

Contrasting basal t series (pier) tic, comati lt ic, ankarmlt,c-cl i vi ne-tholei i t 1 c - andesi tic) and 
comagmatic ni ckel-beari ng differentiated intrusi on wi th var ious ore contents are the characteristic magmatic 
features of the model for the province . Volcani cs are treated as t ime-dependent primary flows of magmatic 
materi al concent rations, the antidrome character of which is an indicator of ere potenti a l ( the second 
temporal geochemi cal t endency) . In the presence of coppe r-n ickel deposits the r e will be an increase in ore 
element contents and a decrease in barium contents in siroilar rock types permi ts identify1ng ore types i n 
the area under study. The proposed model uses heavy meta l concent r ations in magmatic sources that ref lect 
the t endency for intrusi ve rocks to form later t hat extrusive rocks, which, together with gravity 
differentiations lead to an increase of meta l contents i n young basalts and f ormat ion of orebearing in
trusive rocks du r ing the fina l stage of the magmatic process . Along \·lith an increase 1n minor e lement 
contents in the evo lut i onary process of basaltoid magmas, there are local o re element concentrations in 
upper levels of the t uff-lava unit , traced along disjuncti ve fau lts in underlyi ng int rus ions , whi ch 
suggested an add itional acti vation of ore ma terials during the J urassic-Cretaceous tectono-magmatic cyc l e. 
This rejuvenation of primary haloes often results in their inve,·se zonation. Studies of primary flows of 
concentrations permit to know areas at depth and to outline t hen by types . 

The recognition of these types is a basis fo r models assess1ng the o re-generating process and its 
effec ts on host rocks . The l atter are s ignificant only wi th1n deposits. The usage of factor d1agrams enabl es 
us to identify geochemical types of differentiated i ntrus i ons by the1 r exposu res , 1.e. to ~Dde l t hem to 
depth . Ore-generati ng processes affect ~ost dramat ical l y only texitic and picrit i c gabbro-doler i t es and 
a lso pi critic basalts; while olivine and trokto l ite dolerites may also show a trend for o re-metasomat i c 
transformations; this is a basis fo r assessing ore potent i al for the given area . To leave only the 
epi genetic component which is dir·ectl y affected by ore-bearing fluids, a ll contents can be recalcu lated to 
median contrasts because of the weak dependence between med1ans and end members . 

The re are th ree ba~ic variants for assessing system of relations by repeated co rrelations (after 
Yu. K. Bu rkov) . The first var iant: a ll t rap elements (nicke l , chrome, cobalt , titanium , zirconium) are 
separated f rom hydrothermal elements (gdllium, molybdenum, lead, z1nc, tin, yttr1um, ytterbium); t his type 
corresponds to natural associations practically unaffecteo by ore formation processes . The second va r iant: 
suprao re halo elements (mcvel, chromhun, cobalt) are separated from suprc.int rusi ve r.alo e lements (primarily 
titanium and zi rccnium), which refl ects the effects of the ore -format ion process when massive ores 
dominantl y form. l'he third va riant: chromiUm enters associati on , which only reflects changes of rock 
assemblages. Coppe r is more often re l ated t o nickel and cobalt asso~iations and can transform to an opposite 
group, because of the .<eal<ness of this rel at10nship. There can certainly be some variations in this 
principle scheme, which depends on the elements part1cipat.1t19 rn tt.c hvdrothe rmal proce!>S as 1•ell as on the 
cover and bottom depos1ts due t o the destruction of pre-trap rocks 

We have developed a mode l for a copper-nickel deposlt us ing averago: parameters of t.runc3t10n~ t .. ken 
at an equal distance f rom the roof of intru;. ions and massive o res so as to temove the effects from rock 
variet ies, and also us i ng absolute depths. Two groups of e lements have bAen r ecognized by supraore (c·-,pper , 
nickel, cobalt , chromi um, vanadium, plat1 no ids, mercu t y, bar ium) and supra intrusive (titanium, z irconi um, 
strontium , Lead , zinc) haloes, their disconti nui ty, the existence of 1npovcrishment in sect1on of supraore 
and supraintrusive zones. Spatial-temporal relat10ns within o re flwli'1:: ""' be plotted as vectors for 
redistribution zones of average addi tive values , accord1 ng to roc k g.o•Jps of typomorph1c elements of 
supraore (group 1) and supraintrusive (group 2) haloes. Comb1natlons of positive and negati ve vecto rs for 
the t wo groups determi ne the redi ~tribut ion elements zones related to geochemical field disturbances . 

Positive c r iteria fo r the discovery of copper-nickel deposits with massi ve sulf ide o res include 
factor loading of the Talkltakh type . The situati on , in fact, depends on the contrast between the supraore 
halo typomorphic e lements and supra i ntrus i ve ha lo elements and a lso on the transition of chromium to the 
first association, i.e. we have a pi ct ure s imilar to the second variant of the repeated correlation . 
Therefore, c l asses i dentified by the first three fac t ors (eight elements: copper , nicke l, cobalt, c hromium, 
vanadium , manganese , t i t anium , zirconium) , also considering coordinates , are consistent with spatial 
structural patterns fo r p rimary ha l oes; they divide the geochemical field into uniform port i ons according 
t o diffe rent leve ls of su lfide-ni ckel ore- magmatic sys t ems . Mos t promising cl asses a re consistent with 
f i elds of the third order "exclusi veness". 

The proposed models identi fy o re districts , then zones, fields and o re deposits in provinces . A 
combinat ion of regi onal and local approaches as well as methods of exploration at different depths permits 
to make reliable predictions of new disturbing objects at a considerable depth. 
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THE ORIGIN OF CONTACT ZONE BETWEEN SERPENTINITE AND GRANITE, 
J<lROANOW, LOI<ER SILESIA, POLAND 

Elzbieta Dubinska 

Institute of Geochemistry, Mineralogy and Petrography, 
Faculty of Geology, Warszaw University, al.Zwirki i Wirugy 93, 02-089 Warsaw, Poland 

David Szafranek 
Department of Geology, Institute of Earth Sciences, The Hebrew University of Jerusalem, Givat Ram,91904 

Jerusalem, Israel 

A highly tectonized contact zone between granite and serpentine is composed of different schists 
containing layer silicates (chlorite, vermiculite etc.} as well as tremotite as major phases. The minor, 
accessory phases (Ta-Nb+-Bi-phases and barite) indicate that the zone is formed due to penetration of an 
apophyse of Variscan Strzegom-Sobotka granite into the older Jordanow-Gogolow serpentinite. 

Proposed model includes texture evolution of the schists and coeval changes of the granite fabric 
correlated with formation of various mineral assemblages and pathways of major elements. 
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GEOCHEMICAL MODELLING OF HIGH TEMFERATURE PROCESSES OF COrPER MOBILIZATION 

N.A.Durasova, V.L.Barsukov, I.D.Ryabehikov, L.N.Kochnova, Vernadsky Institute of 
Geochemistry and Analytical Chemistry, Institute for Geology and Ore Deposits, USSR 
Academy of Sciences. Moscow 

Cupriferous massive sulphid deposits in a number of regions of the world are noticed 
to have certain relationship with volcanogenic formations. The issue of cupper sources of 
the deposits is still a subject of debates. 

The work based on an experimental modelling of the copper behaviour at magmatic 
parametrs and also during the further transfomation of ~he volcanic rocks with the changing 
temperature and oxidizing conditions. It permitted to evaluate an extent of the copper 
mobilization by magmatic fluids, its redistribution and forms of existence during the 
heating of the effusive formations under the oxidized conditions. 

The fs.ctors facilitating the accumulation of copper in the residual melts during 
their solidification and copper mobilization into the fluid (i.e.increase in acidic state 

of th-: melts a.nd concentration of chloride in a fluid, growth of oxygen partial pressure 
and pressure in magmatic systems) have been determined. 

Thermodyns.m.ic calculations on the basis of the obtained experimental data confirmed 
that in natw..""'al ms.gr::.atic systems, in the pi·esence of sulphur, copper is mainly extracted 

by t;he sulph.tde phe.~t:s which causer. a decrease in its vie1d in the fluid. 

The neC~·e of copper redistribution during the heating the volcanic rocks under the 
oxidized conditions has been investigated. It has been shown that Cu is concentrated on 
the surfaces of ~ine~als in an oxidized, easily mobilized form. 

The obtained data permitted to establish favourable conditions, intervals of physico
chemical parameters which enhance the ore-generating capacities of volcanogenic formations 
with respect to copper~ 
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GEOCHEMICAL EXPLORATION IN SELECTED AREAS OF SYRIAN ARAB REPUBLIC 

Miloslav fiuri§ - Jaroslav Hak - Vladimir Majer - Vladimir S~nka, 8stfednf Qstav geologick9, 

Praha, Czechoslovakia 

Regional geochemical survey on scale 1:50 000 was done in six areas of Syrian Arab 

Republic - Coastal Mts., Shoghour, Bassit, Kurd Oagh, Antilebanon and Southern Syria. 

Total 8640 sq,km were geochemically mapped using stream sediment and heavy mineral sur

veys as basic methods in search for base metals and diamonds. The density of sampling was 

roughly 4 stream sediment samples and 1 heavy mineral concentrate per sq. km in all areas. 

Stream sediments were analysed for Cu, Pb, Zn, Ni, Co, Cr and Mn using atomic absorption 

spectrometry. Every tenth sample was checked for Hg. All heavy mineral concentrates were 

mineralogically examined and selected tracer minerals (ilmenite, garnet, Cr-diopside) were 

analysed by electron microprobe and EOS. Fine fraction of heavy mineral concetrates was 

analysed by means of optical emission spectrometry. All field and laboratory data were 

computerised and resulting geochemical maps 1:50 000 and 1:200 000 were plotted using 

computer techniques. Geochemical maps show the distribution of chemical elements. Their 

content in individual samples is related to the statistical mean of corresponding geo

logical unit. This is demo~strated on the maps by different value of standard deviation. 

The regional survey was supplemented by photogeological studies concentrated on exodynamic 

analysis of the areas with. respect to tectonic predisposition of the relief and position 

of volcanic complexes. Detailed studies which followed regional survey were focused on 

search for diamond bearing rocks in Coastal Mts., gold in Al Ghab depression and Cu mine

ralization in Kurd Oagh. These investigations were based on close up geological mapping 

1:5000 and 1:10 000 supplemented by soil sampling and other methods. 

The area under consideration is located on the northern extreme closure of the Afri

can rift extending from Africa through Dead Sea to Lebanon and Syria. The most critical 

element which had been controlling the geological development of the western part of the 

Arabian platfrom since Jurassic until now, is a deep seated fracture zone related to the 

Rift. Regional geochemical exploration showed no prominent anomalies indicating an occur

rence of base metal deposits. Only anomalies of base metals accompanied by mercury occur

ring in southern Coastal Mts. and in the Shoghour area are to be checked by a follow up 

program. They are related to fracture zones and may indicate some hydrothermal minerali

zation. No prominent concetrations of tracer minerals indicating the existence of diamonds 

or carbonatites were found in neither area. Detailed studies showed that economic con

centrations of diamonds in Coastal Mts. are highly unlikely to occur there. Detrital gold 

in Al Ghab depression turned out to be of anthropogenic origin and of no economic value 

either. No economic mineralization of copper or other elements is expected to occur in 

Kurd Dagh because of small extent of ophiolite series and ·unconvenient geology. Out of all 

minerals which were looked for, only garnet may be used for jewerly, abrasives and fil

ter production. This assumption is to be proved by processing tests, marketing and feasi

bill ty studies. 
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GEOCHEMICAL SOIL SURVEY IN KOZLU (Tlli<AT-llJRKEY) 

Ayhan Erler, Ender Atabey, and Caner Doganeli 

Middle East Technical University, 
Department of Geological Engineering, 

Ankara 06531, Turkey 

The Kozlu region lies in north-central Anatolia, within the Anatolids, near their boundary with the 
Pontids along the North Anatolian Fault Zone. The main rock units in the region are the Kececi phyllites 
and the Kozlu greenschists of probably Paleozoic age. The Kececi phyllite is green to dark gray and 
foliated; common mineral assemblage includes quartz, muscovite, calcite, epidote, and chlorite. The Kozlu 
greenschist is green and massive to foliated; common mineral assemblage includes quartz, epidote, chlorite, 
albite, and calcite. 

Reg1onal stream-sediment geochemical exploration indicated presence of copper anomalies at the 
southwest of Kozlu, and anomalous values for zinc and cobalt downslope from the major copper anomaly. 
Follow-up study was carried out by collecting soil samples at 250 m. Intervals over an area of 
approximately 6.5 sq. km to determine mineralized trends. The region is generally covered by soil, and 
outcrops are rare. Vegetation includes bushes and trees. Soils of the region are brown to green forest soils 
in which the horizons are not well defined. The soil samples were thus taken at a constant depth of abovt 
30 em. The samples were analyzed for Cu, Zn, Ni, and Co by AAS. The Cu values show appreciable correlation 
to the Zn values, but correlations between other elements are very low. The trace element values were higher 
in the fine fraction than those in the coarse fraction, indicating that they were associated with clays and 
sesquioxides rather than resistant minerals. The background, threshold, and anomalous ranges were estimated 
and utilized to interpret the isochemical maps. Trend surface technique was used to estimate the regional 
trends for the trace element contents. 

A combined Cu-Zn anomaly was correlated to an area of ancient mining activity, whereas Ni and Co 
contents did not dispLay distinct anomalies. Cu, Zn, and Ni values have northward dipping trends, however 
their trends do not parallel each other; in contrast, Co values have an eastward dipping anomalies, whereas 
those for Ni and Co are independent. The study points out that the Cu and Zn anomalies result from combined 
effects of dispersion and contamination, and the Ni and Co values are due to the background contents within 
original shales and mafic rocks of the region. 
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EVOLUTION OF MINERAL-FORMING ~ .. ~ED!UM DUP.hK~ TH!--: f. :.;tt\T!C:~ 

OF QUARTZ-CASSITERITE IULTlfl DePOSIT. 
A. Erokhin, V.I. ~'arneQsky insdt·_rt-:) ( ;" ';;.·-~:·:-. ,.,. '' •.-~:-::R. 

lultin deposit [1!~·-;!~. f;(\::~~;tkn! 1::::; ~~P<,lt1All';' c1.nd c;Anet.lcally associated >11th late Cr-eta
ceous ~ranttes, enrtotl?d !n llLhnphllr~ ol::tm··mt·~. 'Hr·~ de;;c.3.Jt represents a series of subvertt
cal ore veins tn alteret~rl r~.:~.ri--::JP.:::if'Oct:': .'J'"'h!r;t:::: r!~,j :;!t•\'i:olttes, grolsens are developed tn 
the apical par·t of do;-n.';.J. Q~m:-tz (Q) 1s t.tn tr~Sjor n·.tr.~'rnl of '/etns (up to 957..), other minerals 

- cassttertte (Cs), n.LtS<:·GvH:€1, tioH'ramtt.e, HJ·;:;.&rtOfJ'/T'lt.r1, b~Jryl (Be), calctte (Cc). fluorite 
(Fl) are 1n tha mtnor abnndm1C•3S. Flutd tnolu.c;to;u (Ft) w·~·re studied tn mineral assemble!leS 
defining th9 sequence of d*Jve-lopm:mt of thJs dep-:-.::!'\, t:~lnL~ t-h9rmostage with an accursoy of 
±2 oc and oryostage w1 (h .;'!n H.cnuracy ,·~r· ~: 1J. ;.- <'r... . .. ,f.;--.:-~.: c dat.a for clasteres of one-type 
lnlustons tler·e used for calculGtions the fluid t·i:-.,;;·-~:Oili: .. Jcn t !n 1oole fracttons) wtth our prog
ram. The evolution of m!neral-formlne llt~dium h:'i-_·,~ L-'Htn considered ln terms: 

R1-}{C02/XIJH4. R2=XH20/Xl!Gf'.!l, R3=0<L'021 J{CH~O I( :~n20+:-JJaCl) and Th - ftlltng te~erature. 
ia Tha Fl composlUon tn praore ql!artz IJ:i H:::n-1Jr:-,Cl-C02-CH4, concentration of solution C 

-1. 7-3.8 wtr., moreove-r Fi oftt'Jn contnln ors:-an10 Gi Luri".::>lds. Fluid are of reducing character -
R1•1.1-3.8, Th-302-344"0, ~·0.16-0.52 (fig 1). Bollin~ of fluid was observed. 

tb. TOO me...g:ma.tio fluid tn melt inolustor;s ln ~ra.n1te and primary magmatic Fl Is represe
nted by H2D-NaCl solutton, C~.5-1.5 wt%, Th"·~~::ID<iGO"C. Low Th. of Fl are explained by high 
fluid pressure p.,.5-5 kbar, Th 0f rr:~lt lncl'..c:;ton.::; 1~ 780.t20"C. Water contents tn melt ts 7-97.. 

2. Th~ composition of lat~' n3(rrn"ll' ir~ f'lt11r1 (Q·Fsp •·otns) is H20-NaGl-C02-CH4. c ... s. 7-10.5 
wt% .. RS-.0.05-0.41 (fig.1), Rt":::.:.i-·E!.C. i.'eDl: l>il;:~~:- of fluid CGcurred. T~311-368"C. 

3. Greisens contaln tha lron:l oxtdi~d fluid n!· ':;uGh composttton as H20-Na.Gl-C02-CH4 Ri ... 
15.1-22. 5, C·8. 7-10. 4 lft%, Th-326-348"r., R:? -0. 25· 0. 30; 'h bol l!nff Is weak. 

4. Ore vetns. Ttu't::!e tyr;es of fluid u0:rr: d!['.! H:r,-rJ::~r,·d. 
a) H20-Naf.!l-C02-CH4 cornpcsitton .. In U.l), {C:·~. (Fl), {88). Th ... 290-340"C, C-3.1-7. 4 wt%, 

R1 ... 2.3-4.8} R3 .. Q.19-0.9!"2. tr.~~ tr~flt!er;::(t of t-o!ltrc ,;! U:9 cha:lr;es in fluid corrvositton is 
sho\7n in th(: ftg 2. 

b) H~~O-NaCl carr.po~-:ltl:on. 

c) t;arbon..Jt·a-bi cartY.Jl ~~'t ·-· 
CONCLUSIONS: 

1. Two dtffor•mt. ll:..lir:l:; ·•.i··" ,(?~o,.. ~:>· 

first had i1Bter-chlf':'!'1-_ <.";ll;r.;·;.·-, .. ; __ i;:--~ ,;_•,< 
fluid of tiT::t hsatrr~ '. ,~ .. 1 l'C<L; , . ,.r,.' 
the tnteract.ton o.f d:.l:~ t !.:..lid·,:;:·:. ( -·~:! ;:-_~,;, 

'-~<~. 1-5. 5 ·at7.. No boiling. 
; ,. 

'i'i:--~lC-2iO"f~, (! .. 0.6-2.9 wt%. 

·'"·'':·')_,_.! .. ;:Li1 graHit&, t.h~ second was a pore 
·;,-; t:t:4, lihtch Vlere the products of 

formation tho flu1d 11::::tr::; ~..,., ·!-; pL-,; ;~·( ... ·· 
:-,''tll reeks. At tha stage of fractures 
·r.:d depns1 1:ton. due to tha drop of 

·n ::·nl11! ions (of primary meteoric 
A,·:I.I! Yc·rmmB, et al 1989] and 

pressure. Th8 mild tiC' or Ur;: .L-_--,r, f.i:•1·' · · ;:.,~' 

genesis) ar0 conflrmC!rl t-,._, i~:;;-,t,q1h; ~i~~i.C<. --.;: 

S D r Cym,eacKa1, r;.t r\l 199m. 
2. At the fuiDLuros ft ll ing: sL::wr"' fl•):d <::;; 

decreasing: terrperattl!'e of wall ro~;k.s f·;-,1; · ~~;, 

; .•T •,l,:~·! ::t;yj H1 -.·olntlles, continued under 
.... ·::·:~_-,:, ,""'-:-r;::H 1:.1ons. The great bulk of deep 

fluid was coming t.o Lh.s zr;H·-~ of mirr~-t.J.l ._·;~r,:.-;:.s!l.~-:-.: L ·::;,i h.".i intt·tr<stc par·ts of crystalllztng 
granite malt. Fluid t~3tlinr, t.r->::lk pl.:-:c~.' ir: 'i;,,·, ~~~!:ii\t· r-1J!d ur;p<:'r par-ts of deposition zone. 
F"lutds of bicarbonate corr11:;-~:>lt.ion, uhtch a·.-r) ne:·c :hl~<;i,,;.~~ relrd-.ed to ore formation, Call\9 last. 
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APPllCA TION OF GEOCHEMICAL METHODS TO RESEARCH OF ACTIVE FAULTS 

Jiang Fengliang, Xu Ping 
Institute of Geology, State SeismologicaL B..1reau PRC, China. 

Strong tectonic movement may cause the medium to change its physicochemical r.at.Jri-J <>r.:J state, ana 
result in abnomal variation of a series of geochemical parameters. While the rock t:lody is compressed and 
deformed and finally ruptured, the transmission of energy and the exchange of substan~e CJ/ro:.ng rock-water
gas systems bring about variation of some parameters of the fluids. On and in the vicinity of fault zones, 
the rock is broken and Loose, and the porosity is high, so these places are good passage>·Jay for the 
upflowing of ground fluids. Therefore the gas composition of soil gas and water composition of ground fluids 
above the active faults and in the vicinity of active faults may show abnomal high value compared with those 
of soil gas and ground water in the area far av1ay from the active faults. 

l. Radioactive Rn Value 
The ruptured rock Leads to the increase of Rn-emanation area and the stress press out the Rn-gas 

of the active faults, and then it transmits into atmosphere. So that Rn value which is near the active 
fault and hidden fault is higher than that of neighbouring region. 

2.Gas Value 
De-gasing of deep earth on active faults is stronger and ~~re evident than that on weak-active 

region. Gas is produced by the interaction of water and ne1v rock surface which is formed by moving of the 
fault. The kind of gas is controlled by the petrochem1cal characteristics of the fault. Generally, sedi
mentary rock fault zones often produce co

2 
and igneous rock fault zones produce H

2
. He, very active, can 

migrate along many kinds of permeation zones, e.g. rupture, crevice, large-deep fault. Therefore He value 
in the active fault is higher than that of neighbouring area, 

3. Geochemical Composition 
1) Hg: Hg, which mainly originates from deep crust and the upper mantle, has high-volatile and 

strong migrating and penetrating ability. These natures decide that it can migrate from the depth to the 
surface along the crevice. Hence, we can investigate the act1•Jity of fault and be certain about hidden 
faults and predict earthquakes by mearsuring gas-Hg of soil and sci L Hg as weLL as groundwater Hg. 

2) As: As,product of differentation of substance in deep earth, derives from deep site of earth, 
It and its compound have the traits of sublimation or changing into gas state while heated or functioned 
by gas stream, and finally can be discharged from rock-body. So As value of soil and spring water on the 
fault or in the vicinity of fault is higher than that of the far-away region. Therefore, As measuring of 
soil and groundwat~r is very important for the study of the strike and activity of faults. 

3) Other Chemical Composition 
The development of fissure causes the easy~volatile ions (e g. CL-' so

4
-, F-) to upflo~1 from the depth to 

the surface which is covered by Quaternary Lay layer along the active faults is higher than t'r)at of the 
neighbouring area. 

Theoretical and practical data have proved that these geochemical indicators may be used to study 
active faults, especially deep-covered hidden fauLts, ard earthquake pre:::ursor and the stabillty of 
engineering structure as well as petroleum prospecting. 
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EXPERIEHCE IN Tl!E LOCAL GEOLOGIC-GEOCHEMICAL 
FORECASTING AND ESTIMATION OF ORE DEPOSITS OF MAIN 

GEOLOGIC-COMMERCIAL TYPES IN PRB 

E.I.Filatov, G.Ya.Abramson, A.N.Ermolaev, 
V.I.Motozov, A.Panajotov, V.Pyrvanov, 

Institute of Mineralogy, Geochemistry and 
Crystallochemistry of Rare Elements, 

Moscow, USSR 

The local geologic-geochemical forecasting and estimation of flanges and deep horizons of colmlercial 
deposits were carried out for Zidarovo and Madjarovo ore fields consolidating vein line gold-base metal 
deposits and for Chi provo-Marti novo ore body, containing strati form sideri tic and si lver-lead-zink deposits. 

The investigation technique consisted of analysis of geologic position, conjugated geochemical 
standardization of primary and secondary halos of deposits and ore bodies and geologic-geochemical 
modelling. 

The anomalous geochemical field in Zidarovo deposit is rather heterogeneous. In the veined bodies 
geochemical association of Au, Ag, Cu, Pb,Zn is changed with the depth to Au, Ag. Maximal total productivity 
of Cu, Pb, and Zn accounts for the mean-ore level, to which main Au-concentrations are confined. 

The below-ore level of veins in Hadjarovo ore body differs from the supra-ore veins in the decrease 
of Ag-content relative to Pb and Zn and in the absence of Ba. 

The Chiprovo-Martinovo ore body is characterized by the change of geochemical associations from NW 
to SE: 81, As, Ag, Sn, Zn, Mo- Ag, Pb, Zn, Sb, As, - Pb, Ag, Sb, Zn, Ho, Sn, Ba- Hg, Sb, Ag- Pb- Zn, 
Mo, thus reflecting decrease in· the degree of contact metamorphism of stratiform ores in the marble horizon 
as moving away from granitoids of Svetinikolo massif. 
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GEOCHEMICAL HAP OF PRECAMBRIAN OF THE UKRAINIAN SHIELD 
(Experience of Regional Geochemical Studies as Based on New 

Technologies) 

Galetsky L.S., Gorlitsky B.A., Pochtarenko V.I. 

Central Project Expedition of the Ukrainian Geological Survey "Ukrgeologia", Ministry of Geology of the 
USSR; Institute of Geochemistry and Physics of MineraLs, Academy of Sciences of the Ukrainian SSR. 

A polyelemental geochemical map of the Ukrainian Shield is compiled for the first time. 
Regional information- logic system "GEOMET -Ukrainian Shield" (geology, geochemistry, metallogeny 

of the Ukrainian Shield) underlines new technology. That system consists of geological -geochemical data 
and means of their analysis including elements of the expert system (table). A hierarchical system of 
regional geochemical backgrounds of the complexity-increasing objects: petrolithic differences of rocks; 
rock association -stratigraphic subdivisions; complexes of rocks, 9eological formations; structural elements 
of the shield and, finally, region on the whole has been created. If necessary, potentialities of the system 
permit constructing and analyzing "agenetic" field of the substance composition distribution within the 
shield and in its separate parts. So, conditions necessary to characterize elements of the geological 
structure of the region in terms of the substance distribution and vice versa have been created. 

Geochemical map of the Ukrainian Shield Precambrian campi led and bases on the above means i's 
distinguished by the following peculiarities: 

geochemical zoning is carried out allowing for distribution of petrogenic elements (silicon, 
potassium, sodium, iron, etc.) in the geological formations, the above elements determining 
conditions of geochemical processes proceeded; 
geochemical background of superrock elements of the geological region structure (formations, 
structural-formational zones, geoblocks, etc.) are determihed proceeding from average weights of 
contents of chemical elements in the lower-order objects, 'for example, in rocks as against their 
volume ratio in the higher-order object; 
both positive ar.d negative specialization of geochemical formations is revealed and is, 
correspondingly, reflected on the map; 
confinement of geochemical anomalies and anomalous fields to elements of the geological region 
structure is reflected as a special type of geochemical information; 
analysis of "geochemical contrast range" for different systems of the shield division into 
structural-substance complex is carried out (precedes the geochemical map campi lation), that permits 
a sound c~n0~ing of a geological basis for the geochemical map. 

The map presented does not reach all the standards of new technology for information support of such 
works. Some mono- and polyelement geochemical, specialized forecast-metallogenic maps (diagrarrmatic maps) 
of the shield directed at the most promising potential-minerogenic elements and their associations have 
been compiled within this technology just now. 

New quantitative methods and approaches to obtain generalized geochemical characteristics of the 
region territory are developed. 

TABLE 
Structure and Information Conjugacy of the Database System in the Information~ Logic Systems "GEOMET

Ukrainian Shield" 

The name of attribute Legend Map sample Anomaly Tectonics 

2 3 4 5 6 

1. The rock content in the + 
volume of the strati-
graphic subdivision or 
magmatic complex in %% 
(for each first-order 
block separately) 

2. Area of the strat~gra- + 
phic subdivision distri-
bution in each topographic 
sheet of 1: 50000 scale 
(in%} 

3. Personal name of + + 
the object of analysis 
(sample, anomaly) in 
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the data bank 
4. A source of data + + 

(author,year,document) 
5. Coordinates + + + + 
6. Author's number of aiming + + 

point {well,outcrop,quarry) 
7. First- and second-order + + + 

tectonblocks 
a. Stratigraphic subdivision + + + + 
9. Massif, area + + 
10. Formation + + 
11. Interval of sampling + + 

(from, to) 
12. Petrol ithotype + + 
13. Name of the rock + + 
14. Essential rock-forming + 

minerals 
15. Accessory and ore + + 

minerals (to 4) 
16. Superimposed processes (to 4) + + 
17. Texture of the rocks + 
18. Structure of the rocks + 
19. Type of analysis + + 
20. Laboratory source + + 

(laboratory, plant, 
method, year of the analysis) 
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RATION4L ~EXES OF GEOCHEMICAL I"£THHOS IN SEDIHEMTARY
COVEREO AREAS AS EXEMPLIFIED BY TliE 

UKRAINIAN SHIELD 
L. S. Galetsky , E.I.Olshevskaya, T.H.Egorova 

(Central Project Expedition of the Ukrainian Geological 
Survey "Ukrgeologia .. , Minist ry of Geology of the USSR ) 

Some production and development works aimed at perfection of geochemical methods and their rational 
complexing have been recently performed in the terri t ory of the Ukrai nian Shield distinguished by the 
everywhere-occurring sedimentary-covered areas (1). 

Wide ly used deep Lithochemical searches by means of effici ent drilling rigs KGK- 100 (300) premit 
sampl ing of crystalline basement rocks , the ir weather ing crusts, basal Leve ls and chemically active Layers 
of the sedimentary cover , obtaining information on concealed and buried mineralization, data for geological
geochemical mapping and prospecting pred iction . But efficiency of these works considerably increases due 
to qualitative , advanced geochemical and geophysical preparation of areas us ing surface methods high-sensi
tive in mantled regions. 

Prospecting by superimposed haloes yields positive results. Intensity of those haloes is the highest 
in arid areas of the region where an increase in the fraction of salt component in the exogenous 
Lithochemical haloes promotes their appearance on the surface even wi th the sedimentary cover thickness of 
50- 120m (rare-metal pegmatites). The methods of mobile forms of e lements (MMF) : salt-acid and aqueous 
extracts, thermomagnetic separation are especially effectively used. A method for dry extraction of organic 
fraction of soils (DEOF) increasing three to five fold the contrasts range of anomalies of many ore elements 
(nickel, cobalt, molybdenum , gold , zirconium, etc. )(Boev, Klos,l988) is developed and introduced . 

Halogenometric (fluoro-, iodo-, chlorometric) and pH-metric methods (Zhovi nsky, 1988) usod to 
prospect fluorite, rare-metal copper-ni ckel, polymetallic mineral ization and to carry out geological
structural mapping yield high results in the mantled areas. The methods of mobile forms of elements and gas
mercury method are widely used to distinguish zones of tectono-magmati c activation, to prospect sulphide, 
rare-metal and rare-earth manifestati ons as well as other ore locali zations. 

Its combining with mercury-metr ic Lithochemical sampli ng of soils gi ves reliaple prospecti ng 
information even in complex landscapes cha racte r ized by high wate r content and loamy composition of soils. 

Complexing of geochemical methods is performed wi th allowance for quantitative and qualitative 
efficiency indices under certain landscape-geochemical conditions. Criter i a for est imating efficiency of 
the methods are as follows : their prospecting inf ormati vity, direct or indirect character of information, 
depth , efficiency and cost of reliable data. 

Criteria of prospecting i nformati vity is quantitat ive ly expressed th rough a coefficient of the 
anomalous character of the prospected area and a coef ficient of t he anoma lous character of the prospected 
area and a coefficient of t he anomalous area mi nerogenicity. Thei r optimal values du ring mid-scale survey 
in the region amount to 0 . 1-0.2 and 0.3-0.6, respect 1vel y, whi le during large-scale survey when searches 
are concentrated in the promising areas they i ncrease approx1mate ly twice . 

The depth of the method effici ency is dete rmined by f acts, the greatest efficiency (by indirect 
informativity) is reached by the geochemical method (200 - 400 m while prospecting sulphide or fluor ite 
mineralization), the MHF methods , pH-metry, gas-mercury sea rches i n complex with lithochemical mercury
metric ones . The depth efficiency of Lithochemical searches in t he secondary haloes is 10-20 m under humid 
conditions of the forest zone , 10 m - in the fores t -steppe one and much higher (50 - 120m) in the arid 
steppe zone (whi le sampl ing pelite- c layed fraction of soils) . 

Two rational complex (RC) are suggested for forest, forest-steppe, steppe landscape zones apiece. 
One of them is for landscapes with a thin (10- 20 m ) barrier-free sed imentary cover on the rock-debris 
hydromica weathering crust or on crystalline rocks (RC-1, RC-3, RC-5), the other is for landscapes with a 
thick (from 20 m and more) barri er sedimenta ry cover on caol i ni te weathering crust (RC-2, RC-4, RC-6). 

So , RC-1 in the forest zone with advanced preparation of a reas i nc ludes such basic searches as those 
1n stray flows including concentrate-geochemical ones, searches as deep l ithochemicaL ones ; the method of 
DEOF can be an auxiliary one. 

Searches in primary ha loes (deep or surface), searches in seconda ry haloes or OEOF are recommended 
for accompanying works . Geophys i cal methods in combina tion with deep lithochemical searches serve as basic 
ones in RC-2 in advanced works, hydrochemical method being an additional one. During accompanying works the 
deep l1thochemical searches are considered to be basic ones , biochemical searches - additional ones, 
hydrochemical searches (in underground waters) -auxiliary ones . 

The composition of RC in the forest-steppe and steppe zones somewhat differs from that in the forest 
zone. The method of searches in superimposed haloes , halogenometric and atmochemical searches are more 
widely used there. 

Geophysical methods such as electropolarization and electromagnetic , magnetometric , gravimetric , 
piezoelectric, acoustic and microseismic ones paral lel with geochemical methods are of great significance 
1n prospecting. 

Recent prospecting is accompanied by ecological-geochemical research almost everywhere. 
Rational complexes of geochemical methods developed for the Ukrainian Shield can be used for mantled 

areas of the USSR and other countries of the wor ld . 
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COMPLEX GEOCHEM<llCAL MAPPING IN GOLD-BEARING REGIONS 
1 2 A.E.Gapon, Soi.Prokopchuk9 I.S.Lomonosov, A.A.Shimansky 9 

1Institute of Geochemistry, 
2Polytecbnical Institute 9 Irkutsk, USSR 

The experience of exploration and assessment shows that despite an efficient use of 
associate elements accompanying gold in primary ores ae indicators of gold mineralization 
there is every ground to consider that these elements are not efficient enough. This par
ticularly concerns small-scale geochemical studies where associate elements are not indi
cators of gold deposits& Gold is in fact the only indicator of gold deposits. 

In different geological formations gold produces complicated geochemical fields of 
concentratianal heterogeneity of metal, the mapping and analysis of which increases the 
efficiency of exploration. 

As an example of geochemical mapping of gold concentrations, the results of compre
hensive geochemical studies are considered far one of gold deposits in East Siberiae The 
deposit represents the gold-sulphide veinlet-phenocryst type occuring in volcanogenic-se
dimentary and sedimentary-metamorphic sequences of miogesyncline type and Precambrian 
age. Ita formation is caused by gold-sulphide mineralization syngenetic for host sequen
ces and the subsequent processes of metamorphism and granitization which contributed to 
the local redistribution of syngenetic sulphides and gold and their new formations due to 
supply of gold ,sulphur, carbon oxide, water and other components in ore-localizing low-T 
zones of metamorphism from the areas of high-T metamorphism end granitization where syn
genetic mineralization was decomposed. In the periphery, the ore bodies are accompanied 
by zones of quartz-calcite veins with gold~ and the ore bodies proper consie~ of quartz 
veins and veinlet-sulphide gold mineralization. 

The analysis of mapped geochemical gold fields at the deposit studied indicated va
rious efficiency of prospecting methods. Thus, the hydrogeochemical gold fields displayed 
numerous aqueous haloes with metal content over 0.002 mkg/1 thus showing the potential 
of the region (Figo1). The geochemical field from silts localized the anomalous domains 
around the ore body (Fig.2)Q The panning method was successfully replaced by scintillation 
method aimed at mapping of the secondary dispersion field totally occupying the area of 
the body (Fig.1) according to a number of gold particles (from 10 to 100) and their dimen

sions (10-25JU)· 
The efficiency of geochemical mapping was favoured by the development of new methods 

and improvement of existing prospecting methods, e.go scintillation, selective sorption of 
gold from water through a solid extragent and employment of recent analytical methods (a
tomic absorption) which allow to outline promising areas and to define the most probable 
position of gold-bearing objects. The proposed set of geochemical prospecting methods 
significantly increase the efficiency of exploration in gold-bearing regions. 
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Fig.1. Au distribution in hydrogeochemical and secondary 
haloe5 stream sediments 

Fig.2. Au distr-ibution in lithochemical stream sediments 
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THE RELATIONSHIP BETWEEN GEOCHEMICAL PROVINCES AND THE MAJOR TECTONIC DIVISION 
OF THE EASTERN CANADIAN SHIELD 

R.G.Garrett (1), M. Beaumier (2) and P.H,Davenport (3) 
(1) Geological Survey of Canada, 601 Booth St., Ottawa, Canada 

(2) Ministere de l'Energie et des Ressources, Charlesbourg, Quebec, Canada 
{3) Department of Mines and Energy, St. John's, Newfounland, Canada 

Regional geochemical surveys employing organic-rich, profundal Lake sediment cover a contiguous area 
of about 800 000 km2 of the Canadian Shield in Quebec and labrador. The results permit an evaluation of the 
relationship between broad-scale geochemical distribution patterns and the major tectonic provinces over 
part of a Precambrian Shield three times the size of that covered by the Nordkalott project area in northern 
Fennoscandia, and further demonstrate the role of global geochemical mapping in international geological 
correlation. Geologically, the region is significant in that it contains the southern terminus of the Trans
Hudson Orogen against the Grenville Province, and parts of the Archaean cratons that bound the Orogen- the 
Superior Province on the west and the Nain Province on the east. 

The surveys were designed primariLy for reconnaissance mineral resource appraisal, and were 
conducted in Quebec by the Quebec Ministry of Energy and Resources between 1982 and 1988, and in Labrador 
by the Geological Survey of Canada between 1977 and 1986. The sample medium was similar in each province, 
and sample density was generally consistent at 1 site per 13 km2 , although some surveys in Quebec were at 
a much higher density {1 site per 2.5 km2 ). Analytical techniques differed: the Quebec samples were analyzed 
for between 32 and 44 elements, mainly by ICP spectrometry, whereas between 13 to 22 elements were 
determined on the Labrador samples, mainLy by atomic absorption spectrophotometry. The two data sets have 
in common 11 elements (Ag, As, Co, Cu, Fe, Mn, Ni, Pb, Zn and U} as well as loss-on-ignition. Although 
for several of these elements the two data sets join seamlessly, level changes are evident between the 
Quebec and Labrador data for others. Data Levelling tests have been performed for some of these elements 
by comparing, on a percentile-equivalent basis, values within a corridor along the Quebec-Labrador border. 
For some elements this levelling can be accomplished over their entire concentration range, whereas for 
others, eg. Pb, the values in each data set are truncated to a different extent by different analytical 
detection Limits. 

Element di,stribution maps of the levelled and merged data for the entire region reveal geOchemical 
variation at scales ranging from local to sub-continental. The definition of large geochemical features is 
clarified by grouping the individual site data into cells of varying size (100 to 4000 km2 ), and mapping 
cell medians. The effect of decreasing sampling density is modelled by sampling the original data to 
simulate different survey densities, and comparing the resulting maps with those for the corresponding cell 
medians of the full dataset. The data sampling is carried out using a structured sampling design based on 
analysis-of-variance principles so that the variability at different spatial levels can be estimated. 

The results presented illustrate the value of geochemical mapping to broad-scale geological 
correlation in Precambrian shield terrains. Existing survey data contain a wealth of useful information, 
but greater standardization of sampling and analytical methods would increase the usefulness of the data 
even more. The compilatiori of these data has shown that additional analyses of the archived sample material 
are required to improve survey compatibility, and that modelling low-density surveys from archival data i~ 
a useful step in planning further reconnaissance surveys to complete initial geochemical mapping of Canada. 
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GOV-UGTAAL TIN-POLYMETALLIC ORE-MAGMATIC SYSTEM, CENTRAL MONGOLIA 

O.Gerel and E.Batsaikhan 

Mongolia Polytechnical Institute, Ulan-Bator, Mongolia 

The tin-polymetallic ore-magmatic system recognized in the North Gobi (Central Mongolia) is 
controlled by the volcanic domal structure 120 km across, observed in the magnetic field as a sub-ring 
negative anomaly. In space images it is interpreted as a highly fractured zone and is characterized by a 
high geochemical background of some chalcophi le and LithophiLe elements which produce compositionally 
complicated anomalies. 

The volcanic domal unit has zonal structure, its core is composed of Permian volcanics, Paleozoic 
and Mesozoic magmatic rocks. Externally, it is surrounded by the Cretaceous depressions filled by 
volcanogenic and terrigenous formations. 

The Pre-Paleozoic basement made up of the carbonate-schist complexes crops out only in marginal 
parts. 

The complex rare-metal polymetaLLic mineralization is associated with emplacement of the Early 
Mesozoic subalkaline syenite-alaskite volcano-plutonic association. It unites small-depth massifs of quartz 
syenites, alaskites, Leucogranites of the regular-grained and porphyric structure with numerous varieties 
of monzonite composition and chilled fac1es of rhyodacite porphyres. The two phases are distinguished in 
its composition. The first phase involves quartz syenites, alaskites, monospar Leucogranites, endocontact 
facies; monzonites, quartz monzonites, quart-bearing syenites and their porphyric analogs. The second phase 
contains leucogranites, rarely alaskites and their porphyric facies. The veined series consists of quartz 
syenite-porphyries- rhyodacite-porphyries, trachydacite-porphyries, aplite-like Leucogranites. 

The association belongs to the subalkaline K-Na series with a high potassic alkalinity and highly 
siliceous final members of the series. It is characterized by clark contents of Rb, F and higher 
concentrations of Zr, Sn, W, Mo, lower concentrations of Fe group, i.e. Cr, Ni, Co as well as Band Ta, low 
Ba, Sr and Li. With regard to these characteristics this association is close to the geochemical type of 
rare-metal granitoids of alkaline series (Tauson,l977). 

The ore districts are localized 1n the nodes of intersection of ring structures with l1near ones. 
The time of scarn formation corresponds to that of the main stage of crystallization of the main phase 
granites. Three stages of mineralization are known. At the first high temperature stage the scarns .are 
formed. The second stage is associated with development of greisen-generating processes superimposed on 
scarns and accompanied by production of cassiterite, scheel ite, etc. The third stage is remarkable for the 
sulphide mineralization superimposed on scarns and greisens which contains arsenopyrite, pyrite, sphalerite, 
chalcopyrite, etc. 

The presence af two stages superimposed on scarns is substantiated by the distribution of ore
forming elements on separate ore districts and ore zones. The two main ore associations are recognized: i) 
polymetallic with elements-indicators- Pb, Zn, Cd, Au, and ii) tin-sulphide with indicator-elements- Sn, 
As, Ge, Bi, both combined in the zone of pyroxene-garnet scarns. The ore districts are characterized by 
classical vertical and horizontal zonation expressed in replacement of rare-metal mineralization by poly
metallic one: Sn- CuBi - Zn Cd Pb- Ag or Mo, W - Cu Bi Zn Cd - Pb - Ag. The vertical and horizontal series 
coincide. 

The ore forming elements are distributed in the zones within the structure. The districts confined 
to the uplifted eroded parts of blocks display an enhanced anomalous background of Sn, W, Mo, Zn, Pb, Bi, 
Ag. The central parts of the structure show the rare-metal W-Mo and polymetallic mineralization, while the 
peripheral ones have the tin-polymetallic mineralization. 

The studies allowed evaluation of the type of mineralization, Levels of erosional section and 
forecast of mineralization. 
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ORE PROsPECTING ACCORDING TO ANOMALY SUBTRACTION 

I.S.Goldberg 

NPO "RUDGEOFIZIKA", Leningrad, USSR 

1. In many ore districts there were stated vast regions of lower concentrations of ore elements 
(negative anomalies) spaciously conjugated with positive anomalies involving ore deposits. Specifically such 
regions are revealed in spacious connection with copper-porphyry deposits and copper sandstone deposits, 
with polymetallic deposits of Rudny Altai, tin ore deposits of the Far East, pyrite deposits of the Ural, 
etc. 

2. In the regions of towered metal concentrations the deficiency of ore elements ( corresponding 
to metallogenic district specialization) constitutes 20-50% and some reaches 80%. The deficiency of ore 
element mass in such regions is commensurable with the extension of mineralization and primary haloes. The 
spacious conjugation of these regions with positive anomalies has as a rule a dipole, polar nature. The 
revealed regularities of spacious distribution of positive and negative anomalies, their quantity relations 
allow to analyze the formation of such geochemical systems as a result of in time conjugated processes of 
addition - subtraction. 

The anomalies of subtraction of ore elements are manifested in the extension of ore districts, 
deposits, individual ore bodies. 

3. The analysis of the structure of geochemical fields, the peculiarities of the behaviour of 
separate elements in various forms of occurrence give reason to suppose the participation of the 
redistribution if natural electrical field ore energy takes part in these processes. Applying the revea
led quantity dependences between the concentrations of ore elements in the areas of addition and 
subtraction, based on the given model of electrochemical transformation of rocks, new criteria of regional 
and local prognostication of ore deposits has been developed. 
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MIMDR ElEV£NTS DISTRIHUTION IN OOLITIC IRON CRES 
IN ntE KERCH DEPOSITS. 

E.V. Golubovskaya 
Geological Institute, USSR Academy of Sciences, Hoscm-1 

An essentially new facies have been established for "tobacco", "om;·m" and "caviare'' ore varieties 
in the Kerch deposits, which have the typical genetic properties and mineral associations. Differential 
analysis has been performed indicating the chemical minor elements distribution in different facies types. 
Geochemical specification of major components has been defined. In all the above types, phosphorus, arsenic, 
lead and zinc have been shown to directly correlate with iron and cobalt- ;..tith manganese. 

The matrix in all ore types shown as average contents of all elements which is approaching the 
clarke vaLue. "Tobacco" ores forming in silt basins shol'l higher phosphorus, arsenic, lead and cobalt 
contents; "caviare" and "brown" ores accumulating in the nearshore (beaches, sandy fields and beachrocks) 
contain more nickel, manganese and rare earth elements (yttrium, ytterbium). 

All types of ores feature oolites enriched by phosphorus, arsenic, lead, zinc, molybjenum and poor 
in vanadium, chrome and nickel. The clarl<es of concentration of titanium and gallium are always Less than 
lj their average value is 0,4. However, the oolites contained in brown and caviare ores are generally 
enriched by manganese and ferrum, while in fragments of clay-ferrugineus rock these ores are enriched by 
vanadium, titanium and gallium. 

Hence, the geochemical characteristics may be applied the facies-genetic environments with help the 
above-cites ore contents and specific distributional properties. Essential difference existing in 
geochemical specialization of brown and caviare ores do not naturally allO~>J to agree with the wide spreaded 
view-point of their formation and to treat them as the products of tobacco ores alteration to accompany 
their oxidation. 
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GEOCHEMICAL MODELS OF ORE-MAGMATIC SYSTEMS IN VOLCANIC REGIONS 

I .N.Go~yf:~o, 
ALL-Union Scientific-Res~,arch Gec,Lagical 

Institute, Leningrad, USSR 

Ore-magmatic systems of volcanic r!;gion'-" are represented by ore-bearing volcano-tectonic structures. 
By the geochemical model of the ore-<nagmatic system (Ot·IS) it is rr.eant the reflection of the ore-bearing 
geologic system structure in geochemicat fields of d1~.persion and concentrat1on. Dispersion fields are 
associated with processes of m~gmatism and regionaL metasomatism not resulting in significant accumulation 
of ore elements, fields of concentration are associated 1·•ith hydrothermal ore-generating processes. The 
structure results from the following factors: geoc11em·,ul~ types of magmatic complexes (according to 
Z.V.Tauston), evolution magmat1sm during structure de';e<.opmt:nt, its tectonic-r:-iOrphological type. As far as 
these factors highly predetermine the composition of ore-nearing sol 1.Jtions and zones of their circulation, 
they also infl_uence the structure and localization of fields of co~centration. 

The most premising there are ring polyforrnationcu. C.lMS, cnrrespand1ng to Long-living magmatic centres 
with stable fluid-magmatic regime. One can distingJ1SI' centr.;l-cupola and caldera-depression ring 
:structures. The fir~:t type is characterized by subconcentnc geochemical zoning, usually v;ith basification 
campliD,es around t·~~ p:!n;~n(-lry. Cor:cer:tr:lt',or •-e.rl:::; ,J'<: --,·ne"·a.' ~;cation have a bent for the central part 
(roof bench of the intrus've mass1t) and thus this typt~ c;r zoning can be called centripetal. Sometimes, 
mineralizat1on zones appe-ar around the periphery in conr.c;ctior. v-:ith the complex of subvolcanic bodies and 
dikes with high ba::ncit;. ihe modeL of two-camera ciifferent1ation by z.·.:.Tauson can be applied for this type 
of structures. Mineralizat1cn is lith'Jphile and L1tho ctJo...~cophilc (Sn Mo, Au). 

Caldera-d~ore:;,si'Jr- str·uctures 1--lith central ucL ift are cnarc.cterized by centrifugal zoning: 
predominantly chalcuphi ,e :mneral ization (Cu, Zn, Pb) :s associated v;it~ highLy basic co'llplexes and is 
concentrated a'"ou;ld the periphPry ·,n the zor-:e ot nng fac.Jlts. Lccal fields of concentration in the centre 
of the structure have a •ithof:hile profile, but tht!·; d~ n:;;t give cc:-r~ercial concentrations. The genetic 
association w1th magmatism is more problematic than for the first model. 

Purely depressive volcan-:>genic str,Jctures are :~'t: ~east productive. LocaL f'eLds of concentration 
und ore occurrences are, <lis a ruLP., asso.-~1ated ~~.;tr, e>·cw1tr 1c e_..:trusive bod1es, stocks, explosion breccias 
and have & bent fo"r the borders of volt..c:.nic strCJct,;r-es. 

Studies of geochem1cal zonallty of volcano·-tect0r.ic str-uctures si3rifi..::antl'/ refine the known model 
of "transition from plutogen1c mineralization to the .;c;,car;oger"ir; one dependin9 on the depth of he erosion 
le·.-~;, (Sillitoc, 1973, Vlasov and oth., 1984). The decb1v<:! +;,cr,or (in the .suthor'c, opi~ion) for forecasting 
of m·iner-al ization is a matter type of magmatic como~..:-;~<;:, a'ld a tectono-morphoL:Jgica~ type of the structure 
but not the depth of tn~ erosion leveL. 

When co,1struct1ng the genetic 1:.:;c'ds ; ~ snsu<c r.e ~<Fk£;;::1 tr,at so~ne pee~~ 1arities of geochemicaL 
fields 1r1 OMS volcar,ic belts ~'ant be exp~a.r-:ed or;;_y b/ cegasat~o., on accoJnt of l'"arrrat-ior: of intrus10n ar.d 
their intracamera d1fferer'ltiaticn. Wxed crust-manl:le g~,JC'le:r_ical characterist1cs of rocks and ores forces 
to suppose i ntens i .,~ m~•ss-exchangl:!:s bet wee 'I n:ant ~ ~ n,-.. gma~, :_.r'd f CJ ~ ds and the crust. 
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RESEARCHING ON MICRO >PROSPECTING MINEf-:AL HARKS AND GEOCHEMICAL PROSPECTING 
AT HATU GOLD DEPOSIT IN WEST JUNGERL BASIN, CHINA 

'1/arg Gongo .... e Tian J1anguo 

P. R. China 

Recently, the researches on geochemical prospect1ng in China are developing rapidly. On the way of 
p'rospecting mineralogy - quantum mineralogy research, spectrum analysis, isotope determination, mineraL 
inclosure analysis and test , with systematoLogy and information theory, we put forward a new method of 
geochemical prospecting -mineral geochemical surveying firstly in China. The purpose is to synthesize the 
mineralogy prospectirg research, modern Laboratory methods and mathematical geology with computer 
processing, to make geochemical prospecting to step into the field of plural microcosmic information, to 
make it more lively and creative. 

Satisfactory results have been obtained through the new :nethod on resources assessment, locating 
target-area and forecasting deposits buried deeply. 

Hatu gold deposit is one of the Largest and mnst valuable gold deposits in XinJiang. It is Located 
at the north slope of Zari L-Daraboot syncl irmrium and r,orth side of Oaraboot abyssal fault, in west Jungerl 
zone of fold. It is located between twa NE dirt>cted faults, Hatu and Anqi. The direction being NE 70°, the 
length about 60 km, Anqi gold metallogenic belt exter.ds along and betv1een these two faults. Qiqiu No.1 is 
the most perspective and typical deposit in Anqi belt. The ore bodies occurred in the proximate faults at 
north-side of Anqi fault. Nearby Qiqiu No.1, sedimentary rocks which belong to Tailergular and Baoguto 
formation are abnormally thick layers of intermediate basic ~olcanic and pyroclastic rocks, Qiqiu No.1 is 
in upper Tailergular formation which belongs to mid-upper Carboniferous. The wall rocks are dark grey 
tuffaceous si l tstone, s i l i ceous-a rgr i Laceou;, s i L tstone, med i um-g rained fe ldspat i c sandstone with calcareous, 
altered basanitoid, purplish-red ferruginous Jasper rock. The main types of ore are altered basanitoid 
occurring in fracture zone and quartz vein occurring in faults. 

With investigating the background data of reg10naL structure and geochemistry and utilizing the data 
of geochemical prospecting mapping (scale 1:200,000), 1r1e studied the typomorphic characteristics of quartz 
and pyrite, thermoLuminescence of quartz somcos1tion and temperature of enclosure, characteristics of trace 
elements distribution in pyrite and quartz, characteristics of isotope (H, 0, S, C) in pyrite, infra-red 
spectrum, reflective power and microhardr.ess o.f pyr',te. Through these researches, we set up a microcosmic 
prospecting marks system in Qiqiu No.1, and combin:= it with the results of geochemical prospecting (scale 
1:50,000) in Qiqiu area. 

Investigating tne distributive character1stics of elements in this district, we found that the 
distribution types of elements are affected on the excitation of variation and activeness by the system 
which elements ~1ere in through geologicaL action. From these, we set up f~ineralization Mature Index, it will 
reflect the effects that mineral ~zation made to elements. VIe regarded it as effective marks of geochemi.cal 
prospecting. Through statistic distributive type of Au-grade, the intensity of gold mineralization has been 
calculated. Plural peaks of the satistic curves have pointed out the overlapping activities of plural gold 
mineralization stages, Qiqiu No.1's characteristlcs of position and time have been made clear, 

To study the thermoluminescence of qud.rtz quantitati'.lely, we measured the width at half-peaks of 
thermoliminescent curve. We attempt to make prospecting marks quantitative, and the results were 
satisfactory. 

Systematology has been introduced "into gold geolog~cal researches; from low structure Level to 
high, the data were extended gradually 1n proper order, and were calculated the average with sliding
statistic-window. The sort of calculation can avoid the background noise which the ordinary ways cannot 
avoid, so the effects of geochemical pr0spect1ng data are obv1ous. 

With GM (1,1) model of Grey-System theory, the quantitati'Je estimation, including Au-grade, scale 
of vein with gold, and reserves in depth of Q i ql u No. 1 have been made, and the resuLt have been tested 
primarily. 

Through the researches at Oiqiu No.l, Hatu d1strict, we come to the conclusion: to combine and 
synthesize the data of geochemical prospecting with mineralogy of prospecting, modern labOratory methods, 
and mathematical geology, together with ample 1nformation from mineral geochemical surveying, we will get 
immense progress on resources assessment, locatlng target-areas, depth forecasting and forecasting 
perspective areas. 

Our research suggested that the prospect of the Hatu distnct will be more optimistic. 
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ORE-GEOCHEMICAL MODELS FOR THE PORPHYRY-COPPER DEPOSITS 
OF URAL 

A.I.Grabezhev, A.P.Bachtina. 
Institute of Geology and Geochemistry Academy of Sciences, 

Sverdlovsk 

Many aspects of the ore-geochemical zonality in porphyry-copper deposits are described well enough 
in the world geological literature. So we focus attention on new fascinating elaborations gained from the 
exploration of the Urals deposits. 

Large-sized metasomatic aureoles (up to 2-15 km along strike and 0,2 km wide), which suggest the 
large-scaled processes of the substance migration are known to provide much information if carrying out 
geochemical researches. To date there are available new data on the behavior of carbon dioxide, sulfur and 
sodium. 

For most of the Ural ian deposits of the of the hypabyssal facies, it is found that the metasomatic 
carbonization is n~stricted to the hanging walls of the aureoles - the upper part of the set·icitization -
chloritization zone (at its boundary with propylites) or the upper part of the aureole. This allows to 

evaluate the erosion Level of the aureoles and hence position of the ore bodies. At the subvolcanic Level, 
the metasomatic carbonatization generally covers the whole of the phyllizite zone. 

It is d1scovered for the first time, that Na substracted from the interior of the phyll izite zone 
is not fully di-sseminatea, but is reprecipitated partially in the outer hanging wall of the phyllizite zone 
or in fracture zones. Large bodies of the albitized rocks, quartz-albites and humbeites are generated, which 
contain 5,5-7,5 mnss % Na20. 

The Micheevsky deposit, taken as an example, illustrates a direct relationship between a copper 
conte-nt in the ore bodies and a proportion of sulfur in the overlying "pyrite cover" of the aureole hanging 
~'lall. This allows to prognose that position of the blind ore bodies. 

Data presented here, suggest that the evolution of ~ne fluid upwards is followed by an increase in 
its alkalinity and activities of sodium, carbon dioxide and sulfur. A decrease in ferruginity of minerals 
ir, a direrction to the center of aureoles (and as a degree of the rock transformation increases) and deltaS34 
decrease to the periphery of the aureoles suggest most Likely, that the oxidizing potential is increasing 
in the central Rr.d outlying parts of the aureoles, which appears to be related with the affects of the 
oxidized juvenile and vadose waters, respectively. 
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GEOCHEMICAL 0Li' ;...,"-i< L(;,Wl~Jll OF L!IDOGC.!UC GOLD DEPOSil'S PllOM THE MODE OF SULPHUR , SELENIUM 

AliD TEl ,.iliRIU! ;) ~'.i.'ftl!>• I t'I'1N 

V .I.G:rcb<w:Jchikuva, ltHJt... tute ot G•"cH.hemistry , Irkutsk, U8!jH 

Somo p,ol.d ctt)p•· -i.1.u Oi 'iiberin r.t>r<' formed under d iffer ent geodynamic settings, arc 

hosted i.n rocJr r o f (11. tfE'r.;nt composl tj on n.nd age and refer to gold-quartz 1 gold-sulphide

quartz, gold-::J:.tl-ph:.rlo cilld ,.;old ci 1·,e1 formattons. 

ThA p;noc.he+,JiC(l • l c.:·wification of r;old deposit::~ :i. 1:1 La sed on the ratios of three ele

menta:S,Se,fc ~~.1cl t~/.';r. S llphu t, selenium a.nd tell urium are associate elements of gold. 

Selenium i o com:~cnj·r d.:i.spe .Jed j_t: a ulphidc min·•rala , replacing sul phur. Ita increased 

contents ~tre ob:.ror'le<l in Pulohoanl ts of silv~ ;:-. 1'hc tclluriwn, more than selenium is able 

to derive ~ ts own !n:lnr-rnlo ·l "lclud In .a; pold '"o-lurid ea. According to geochemical characte

ris tico, ::~eleniwn is !Tell COlrclu ted w l th ~i:!.lver while tellurium wi t h gold. An a ctive 

division of ae1 en.t:..,. '1.1ld telltu·ium i1 the cr.ust and mantle Te/Sca1,6 in mant l e and 

Te/Se:::.0. 013 ~.n ";he rl•ust) allows ;;o use the11e element s for geochemical classification of 

rocks and orPs of gold-l.Jet:uing provi~tces. Eot.U" geochemical types of deposits hllve been 

distinguished. 

~'he firot,gold gP'1chomico.l +ype t•cprc:f-lents p r edominantly gold-quartz oulphid e ores 

with high Au/fo .. g rRtio({ 10), .:!.or1 Se and Te concentre.tiono end Te/Se::s 1 ration. The Te and 

Se ovm mine:ralr3 'lre 1 o t available. Thio type of endogenic gold depoai ta( Cornmuna r, Kuz

netaky Alato •) is spatially a'rt ~encticslly related to the Proterozoic toleiitic basalts 

characteriatsc ot the initial <Jtage"" of island arc development. 

Thtl ae("" '"J., 1:olc!.-t;p 1 lul'J e.n p;6clchernj.cal type represents the gold-sul phide-quartz ores 

with Au/AB r,\ 0 whl0it is ove:::- "r CC! -l~J to 1, withe hightene d tellurium content and with 

a hi17,h 'rc/:Je ratio 0 10). The apr-earo.nce of own Te mineral s, including gold tellurides, 

is chexacteriatc of this type. Thi~ type of gold deposita (Uat-Kara, East Tr ans-Baikal 

area) are rather n·~nrous in activi?.ed marginal continental areas. The gold deposits are 

spatially confin0d t.o zonua of hl;~H r.ormer ;,.tlity of rocks with widespread granitoid mag

matism primarily r.•r c.nde.Jitic g~o~lvml0al type . 

The third, golcl-sulphur-selenium geochemical type is common for gold- beari ng copper

nickel aulphid e der;c ~· ts spro.ti!illl' ant~ £;e:Jeticall:, rela. ted t o t he trappean mnbffiC.tism of 

the platfo.!"'l sV1gE> of tile region ae·:cloume'"'t(Telne.kh,Norilak region) . The Au/Ag ratio in 

thea'> orcs is mn<>lle>!' 02:' cq1.e1 •;o 0.1 IT'~t~.l'l tvpe i1 known for maxirMl concentrations of 

Se(up to 100 P?f!l) aw' l:Jw Te/Jc rnti" O'JUal to 0. -o.o1 . The selenium and tellurium may 

be present as own ninornlrJ u.nd ·•io,per sed in sulphide s r eplacing sulphur. 

The !OU.'!.'t·t. gn lc1-f!; 1 ·c·r-<~c L cniwr. ge-ochemi cal type •mi tea near -surface gold-silver 

dcpoai ta t)l, ?,kL~lOZ•)iC. vo:!.·;n•JiC ." 1 t :>f tLe North-ii;ost(D.'llnee,Okhotsk- Chukotsky volcanic 

belt j. The J•1/'g rnii•) .!•; tltr, or~s >i such 1 e p-:>sita is smalle.!' t han 0.01 , Te/Se(0.1. The 

low concentrntj na '.'! t f!.~t•:: 1 •Lu !!nd h'tgh ~ont,nt.s of ~o are observed in ores. Sel e nium 

produoeo i til •)w 1 ul!<-_>.1'· .1 ~ t~r.d replacou sulTJbU:I. in sulphosal ta of silver. The positive 

co:--r•elation b!'! L"f· ' ' l Jelcn iwn nml silver io com<non. 

The regior1al comparative OIJo.lyr;lr,: of distr ibution in Siberia gol d deposita of s,se, 

and Te togetbc:r. with Au/Ag ratio ellowo t!l~ dih •rent sources of ore subs tance t o be 

proposed for cpoai to of thie region L' some cases, the magmatic rocks hosting depoai ta 

could be the source for gold and aaaoclate elements ( s i lver, selenium and tellur ium),in 

others one may asewne an additional 3Upply of ore substance from the deep rnan:tle source • 
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1"»4 Oil 0111 Hlf[Nl lAI T rt OF GRANITIC ROC!(S IN THE IJUhBIER ZONE OF THE NIZKE TATRY MTS. IN THE CONTEXT 
OF THEIR CRUSTAL ORIGIN 

Jozef G.Jbac 

·-~ ~' ~r. c· .t.cr~ of t"te N1z"r. Tatry Mts (C'entral Slovaki a), t e rmed by V. Zoubek in the year 1935, 
·s l • r -;t. ,.,, .,,,, nx ••' .!·e 'l'zl-e Tatry 1-!t.s . .-~estern part. ThiS zone belongs to the so called Tatride 

ts 'r t·~ "I!!>L ~ -··r:-.>.h 1a r:,; r , its structure a bathol ith o f deep-seated granitoid and tonalite rocks as 
r• l • ~ •he "'" ,,.,..rr,l·,"s"d ,·olcan·.c: -sedi mentarv format ion 1s taki ng part. 

• tn•• .. -::rio; .v J Gubac f 19t.9) the crustal orig111 of the mentioned deep-seated rocks i s analyzed. 
IX• '~ cf > 1 ~" ~ • • .,15 petrogenesis ::erta1n matenal dependence between rocks of the deep-seated 

tAY~ < ~~ n.~•··r'~ . '' •OOSitHofl of rock~ from the metamorphosed complex may be proved . As i n this area with 
rc.o..ks '' crw ne"=!' "''·""i:.e<J hoay also •namf estations of ep1geneti c ore mineral i zat i o n should be put i nt o 
' u NH.•cnu11, n t.t e .,.. <'S'!nted c:ontnbut1 on we sha t l take not1ce of t hese f acts, which wi Ll help t o clear up 
tht,r o re ' •e•• ,., ~,tv as man1 fest3tion of the mentioned o r igin. A relevant valuation is concerned , because 
:;. tr,., VJ•~· ::; ,,,t , to c:.•ear up t hese facts, wh ich a r e specifi c f er t he given tecton i c unit and which i mpress 
•.h~:l nartH.»l"· •ius <•:1 ore pot:entia l ity of the deep-si!,c.teJ o·ocks, 1s offered. 

-::. ~ '" -< o.JJ-.7.ed "Y:·•e the peuogcPt: t H .. c '>il• a::1.~ r of c'e t!p-seated roc ks is inte rpreted 
• rr.t" t ,. vH!''"" 1 .. '-' ~-•·- .:-•·:""". 1r. t •~o deep-seated f~""'s. :~ah.na• composit i on of 7.he more shallow 
; c ,. ~· t~1s~ • ~k. : •• ler•ved f"wm met~~rphcsed m1xed rc~ks of the volcani c-sed imentary formation with 
r:.:ore 0•\>tl nr;:. ;:<;·~ir.t: • a-:w vclcam s m. Tne deeocr fac1e~ "::lnta1ns h1grer po r t1on of basic volcanism. It 
•• re;t'"Sir)l t. .;~,~t!J'.a ... ..,,,:::>:"ore m1 nera 1.1zat ion lr"tC ::c11nect1on with both the mentioned deep-seated 
~C'1P.S. ttl"'-";) .es HIC..rl c ~ . mineral1zat1on occur 1n rocks cf thE' metamorphosed complex as we ll as in 

t•t;l!';~· :.e" e r:.r~.< .r:onl!.eo ;r.s, .,..:• nl1• 1n roc.<s of the s tl<:Llower f ac1es . i n deep-seated rocks there is a 
r "C"·' ~:.1 t<-·.:• II •" ,.,, .. ,.n resulted ·om tecton1c rc.al.ion "Jf bath these facies . The mineralized 
•. t•Jn'r. svs " •r oc<~· of thf' netamorphosed complex 'S t" ··esul'; of general tecton ic relat ion of deep
• ··'I -t:d r •.C~"- r.n..~ '.heir metarnorph1 c enve l ope as a conseq•Jer.cc of 1 n t rus 1on . 

• -,.. "· .er<'"<i .iewpoint the manifestatiOns of Au" J ::ob m1neraL1zat1ons are the mos t i nteresti ng . 
A '''' ·" .,,~, dtpcsi1: impon:ance of the scheelito m•ne•al'za tion i s val ued. In the past certain 
"' nrio•> wa• at~o oai d to galena-mineral ilation. Besides W, Au, Pb , Sb, also the elements As, Zn , Cu, Bi 

:~no Jfl(', '2.11' .. !11 ly ?.lso Ho , and f.n s howed m1ne ral iza t i on at.tivlty. 1hi s mineral 'zat1on activity shows zona l 
Joo;•, l1u' ,, 1'1\. 0 11 y i n thc 1nd~v1du<d ore structure:; but. "l:;o 1n the v1ho l e region with several centres. 
"''"'' O'!•"r: • l·io., fror,, t.he cert r e r" pen phery rnay be expressed by th i s succession : W, Au, As, Cu, Zn , Pb , 

·>11. lie,· r:.t ' r~c elements as .,elL as soor.;dlr" •I:> a nd Snare ma1n l y manifested in t he inne r zone, Sb a nd 
pa rtLY .,, o F'd in t11e ext'!rnal, and cu, Bi , Zn as ,,e ll a:; Pb 1n the trans it10nal zone. This is obviously 

,.. t!"' F • ! chon')e in phy::.1<:al-chernic.;l co•K:n•or•s of t"c o re m1neral1Zation process in space as 
""'' ~ ·•- .e cha,acf:e r ize•_, zoro.<~ d·-;~ , lt.-t·n, of ore elements in t h is process may be proved by 
wl'll che•mr tyr•. 'l• r.he o re rn1ne r al 1o!ilt "1 m~wt ,:-.r:crJ Dbove and whether we v1ant to put the given 
• '· •"r •~cotic ~-·'·.cc .. ,c, w;th mer:. :;:·,il t lc>-~ or deoepeo facies of d eep- sea t ed rocks. The o re-bea ring 
. •l'-~ '"•5 11'1" p '$ •• <:!<: -::rc~ • gener~~ rnctc· t•..,ue·,o•·k at eact· degree of their material development . 

.. • ;,,,,,., c • .:r~.nces , manifestat~on of o r e ro •leral1Ziltlon are a result of d if f erent physico-
c,r.t"•';..,,• •·o•.:t' 10n~ accordH•g to tne place ol the ~· u.,tul c.•1 g 1n o f the deep-seated rocks. Owing to thi s 
we ca11 ot:~f' ,.e ·>"T -l'·,enoence of concent.rdtHl" of trP. 1rd 1Vid uat 'l'e-.:a llic elements in the process of 

eq1o·•al e:.tens1on of pe t r>J£1' .c,r,•c. rock type~ of th'! me tamorphosed e nve lope . We want 
"'"P!'?ndence by a geochemical ,,ao ,.. •. tt1e vihudte.:l a rea, conpiled for its prognostic 

~ ''d~ whe··eas rocks of ac1d ,,·lc<tn;sr.; contnbuted to more act1ve manifestations of 
" ~" ·;r. mir.eraliza tion , rocks 111 1.1-.e :omrtr~ ,,, .,;-, ich members of basic volcanism occur 

nx-r~ act i ve manifesta t iors of or.o tnlrPr'<l ,zation with Sb, Pb, Zn. This is only a 
"'" a l so •n t he fran1e of th1s d1Visio" t!ll>'e detaiLed dependences of this kind may be 

.• o . I ' , . 101 •r LancE>, with mineral izati on an.•v1t :· of Pt, ar.tl Zn in the are a unde r study certain 
'' 1AL •· tle>rtHk" u · n• o::>se•ved, which is nect:ssu >' t.r. :..-.c inc.o o::onnection with the mate r i al character 

r ,..o_\c;~ c,r,..,_),.. 11:1 "'t-t, ... •; .:omp l ex 

lt 1~ ev1de1t tr.at among the factors of o re m'neraL11at~cn Linked w1 th t he formation of deep-seated 
•'·"''' •:•, •:..turs, >1h1ch are resu lt ing from the general geolog ical structure of the g iven area. 

>-•c:a·•iong -•ll tr i 'act"~ ca1r.::>~ !:le satisf ied witr evalua.;io r of the tectonic pos1tion of the mineralized 
o; •ctu'e" r 1. · Jt ~~ 1~ "'"'cess<-'y also to take into a::count matenal particularities of one or other 
... ! (;+.) 1 .. If t 

~Pffl!ren ... ~.-, 

··,ba<:,J ;or i=e•n•,,. (.} • '"'·> kO"vvenc ~··od•· 9•di11L01dnyct- hormn dumb ierske j zony Ni zkych Tat i er.-
Mtneralla SL:v, ! ,J. 



CARBON ISOTOP!l }'RACTIONATION IN CARBONATE SYSTEM >Jill METHANE DURI!IG PHASE TIWISITION 

OF THERMAL FIUID 

L.K. Gutsalo. Branch for ~yaico-chemistry and Technology of rossil Fuels. Institute for 
Physical ChemistryJ Academy of Sciences of the Ukrainian SSR, LYov; A.M. Plotnikov, In
stitute for Geology and Geochemistry of Fossil Fuels, Academy of Sciences of the Ukrai
nian SSR, Lvov 

Today it 1~ clear that the main mechanism which leads to the changes in temperature 

field, to the redistribution of gases and their isotope fractionation is simply due to 

separation by ·flater and vapour phases and certain leakag~ of gases with escaping vapour 

(Gutsalo and Plotnikov, 1987). The processes are attendant to the forming, ezisting and 

expl_oi tat ion of contemporaneous hydrotherms ~ 

Under "water-gas" phase transitions in carbonate system of hydrothermal area springs 

the equilibrium distribution of the isotopes of carbon ( 13ct12c) between water and steam 

are the most fraquento The carbon isotope equilibrium fractionation factors in carbonate 

system of water-gas depend on temperature (T, °K) from 0°C up to 340°0 as follows: 

·1 03lhcie~ CO -CO ( ) • -0,0172 T + 5, 206 ( 1) 
2 J 2 g 

and 

= -0,0691 T + 27,956 (2) 

During vaporization at hydrothermal reservoir which accompanies with partial loss of 

gases a kinetic fractionation of gas isotopes is highly normal processo An isotope frac

tionation is appro~ed by dependance of the isotope composition on gas concentrations ae 

well as on rese!'voir temperature. The carbon isotope kinetic fractionation factors in car

bonate system durine; phase transition "water-gas 11 depend on temperature (Tp °K) within 

interval from 0 up to 320°C as !ollowst 
J _/k 6 -2 

10 lnaH CO -CO = -4,665(10 T ) 
2 J 2(g) 

(J) 

and 

3 _/k 
1Q· lrv;: HCO- -CO 

J 2(g) 
= -0, 139(~).--"-T~-)2 

10 -1,545 •r 
+ 7,105(-3,..--"T---)-8,849 (4) 

10 -1,545 T 

Followine eqn.e,tion is more suitable for interval of 60°0 up 

, 195,6(10-6T2 ) - 107,2(1o-3T) J _/k 
10 lna Hco--co 

3 2(g) 

where T, °K., 

to 240°C: 

+ 10,28 (5) 

The kinetic distribution factor of carbon isotope ( 13ct12c) for methane dissolved in 

water referencing to that of the gas phase is linked within interval of 0 up to 320°C 

with temperature value (T, °K) by next equation: 

1031nci~-I -CH ~- 0,249(106T-2 )+0,173(10J.r-1) + 0,279 
4(w) 4(g) 

( 6) 

References: 
Gutsalo L~K. and Plotnikov A.MG /1987/: On the fractionation of isotopes of gases in con

temporaneous hydrotherms, Doklady AN SSR. v. 292. N° 6. 1468-1472 (in russian). 
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At PL'f.!:...:...HI; 1 ·!.;he: EG'J.tlh~l"!l basin o1 Lake !:-;.dY••l oc...:u.re :in the ;:':one piJlluted by efflu

u~ 1,n . ~-cr.. d.-~ ·:.c.du:;tl'it~l :.mtcr-p:ciseo ol I:z:!11~ '(;;_,}~ <,i t:•. ':'he bottom sediments can be used for 

r~':_tlJt.;.c:!.!:~ ·~~-.·. 1.:~•,.j,;:;loH of the Lake Hn:l';:-'1.1 0G;..~) .. J_-:i...:a1 f',Vster:l, ~ince they well reflect the le

·,·-·1 :): !:!'•·-~ :.;r;.;~~·---':<:•r,J rr-Jluticn a:.lrl :=:1!-:..-.·; tb: (t .. •·t~lu;:,r:K.:nt t:r.__Toughou_~ 15-·20 yearso However, 

1 .· •.2:, ,,.:,p.ld.J.::i.•.a.r:.. t. fe.ci:};·: Vfil'iu d. one-, : f (.,r-··L t -,,,1 ;'!0dimentEJ ov.~-r the area do not allow 

-1-.L: tr£.J:l. t.j •--~- ·~ 1 .:;r;Jlt:;:,Y; ;::;:.~,' Jr,,_,x:.ft.:;rirl.t: tv bt: E:t• 1.-,l:L-:d., 

_-_, t:(-·r;L;:..;-,~_,,~·l:L~ <:;OLiponent ·1e J.J?.'0pOsE-<d as -?.1-tern.:-~ti .'e~ ::amp ling of hottom sediments is made 

.fr~<• d h-.~lt-A6r'(~ :J.--JJ'i;:_·.onc ;;ll-~·, .::. 813.:-ItFllng :i.cter·. t:i.l C, -~-; •':.l$ The heavy metals flux onto the 

Lo~·":nn :.U: ··l~;;_;·t;;-.l\·:;ined th.ro·.tt~ll rece-nt !''1.tes r)J' t'iP-Li.m•:ntation a:nd mass rates of sedimentation 

bar:ed on tho md;hoU ot ll.ncquiLi br.';Lted l;b-2HL 

G< •• 1u J:l~ to proceasBs of sediment 

u.:!.agDilt::Ji:Jo 'lhe l,p;;1- .:.n~;,y ~,0~·1.,5 em) of l·JLt,,r,. b~_Aimenta is actually not changed and 

Cl.is;:>j £:.::E quautJ >:;o. ;:·J.-. t --;, Ll_.'-l'G1J'~lsldps of "}1U.l8t1 lit:; ::.H ti:li•3 v.L <J.epc-si tj on onto the bottom~ The 

two uppf·r l:.J.:;··e;:d ;.f :·c,li;.:.:...·:.d r1edir!fentr; end1 t:~"~jdl-' 0.:.: ern -tllic~.: are sampled and the heavy 

metell{ flu::-. •)l: tl:.<~ ···:;,, ~.'',.·-·:Jed.::.r.v:;u·t 11 in-~crfac•.J :!..:::: dt.;-~-'-~l';;lined Zc.-1.' these oediments over a 

ti!::t-• ;:p.~·o.n Hyrrc,:orit:te fo.r· e&ch l~ye:." depoei t;lo~·. 

'I'he h·~·D.·:.Y ;~:at&l f2.u::-~ into i.)o •;tr>m sedime .. it;'J ,,i' th;~~ euTi;he-rn E13.iktt1 basin was found to 

ii:cr•Ju.Sc dLU·~-!1G H-1l.J ye_s:i'So 3inC·J .r·.~.ciB.t.ior: ··;J ;;cdimentatic.;n velo·;~:l.ty and chemical com

IJOtdtir'!l o.f -tho depoait:i_<Jf; &ubstt..:.lCf> d~trin:;-· t.}·,~,-, le.st ?0 ~rt::nr·n: is h~rdly probable for an 

f-"!lL~tJL: 3~•·s-t;er:l 0f Ba:l..k•."1_l.~ l:h'J dii~'t~:rt:mry~ in ch•: auo~illt 1...·f floi-'IG reflect an increase of 

tec:huru::enic co;:-1p0nent ·-'~ th·.:: heavy mu'.-~,1 :tltHt ·Jn the bottom during the last 8-10 years. 
f'~,Jle. Heav-y metfll;3 .\~)_t_r:-~ m, the 11 :i!.ttt.;:_:·-f:c:1.\l:n;-wt" tnt:~:'face (g·10-~ em-~. yr:ar-1 ) 
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~.J 'hh: .>< __ ;. ·.-: .... ~ -~·.tt<J ().f sedimentetiou; •\···t, \C.· .. "i.. ·e;l. ;l-:;y ,_.f Bt¢dimentation, '!-time ot· 

t~,,posi~ion •J::.. ·• i ·:::'1 .9~·--1Luent layei',, 

;J:tid.rp 1.iL~~.-.,_•et:J.~!:jEI .in the a;nuunt of lv:l.v,,- ·t.·'-' "'"·;x· i-n u,~~;tom sediments in d1.fferent 

p.lr·ta o:: .:..•li..:t: balkal are caused by the d:'..f.f .. _-rt-.;Hv~~-.- .i.l1 tht:: r.wdiwr1 of scdimente.tion .. In tho 

sou:thern and ,-;~nt.rn.l pa.rt.:J of Baikal the fJ,~m C'_i: the sedimt;ntary substance on the bottom 

predomiua:1.tly <:::oru.;h:ts. ... d terrigenous m'3.te.cla ·t while ir. the nortlwn-. one it is diatomic 

materislo 
The s.bC3.-::r..ce of technogenic flow int.'J the- l>:)t tvm sedirnonts of the liorthern Baikal is 

due a much srnall<:!r level oi tecl>..nogeJlir. i•nra.ct in this part of the I3eikal aquatorium, 



THE APPLICATION: OF GEOCHEMICAL MODELS OF GOLD DEPOSITS IN THE PROCESS OF FORECAST AND 

PROSPECTING. 

Chet vert kov Yu.I., VHIIZarube'Zh!l'eologia ,USSR. 

i. The construction and subsequent usage of geochemical models for ore deposits in 

practice of a large-scale prospecting is of great at:rpl!ed importance. The elaboration of a 

geochemical model for a stockwork deposit of gold-sulphide-quartz formation, the .study of 

regularities in the relation Of its structure vtith features of geochemical anomalies 

structure Of the gold field can serve as a gold example. Discovered regularities can be 

successfully used 1n solving forecast and prospecting tasKs for appropr !ate types of 

mineralization. 

2. Primary aureoles of Bold, arsenic, bismuth, silver, molybdenum, copper, lead, 

potassium, barium, sodium, cobalt and vanadium haVe been developed within gold 

mineralization systems which are being studied. Anomalies of the first eight eiP.ments are 

characterized by· their concentration and accompany known zones Of ore localization, 

whereas anomalies of the last five elements are characterized by the subtraction as 

compared to the bacl<.sround. 

Asymmetric vertical geochemical zonality of elemen ts-ind lea tors of gold 

mineral1zation is d.istinctly traceable ln the level 

horizontal concentric zonality is recorded in the 

bodies. 

of deposit and ore 

level of ore field, 

bodies: symmetric 

deposit and ore 

3. According to geological and geochemical features three main zones, that is, 

central, intermediate and peripheral can be distrinB'Uished within the limits of deposit. 

Central zone is characterized by the development of contrast isometric and elongated 

aureoles with a leading role of sold-arsenic-bismuth geochemical association. The zone 

corresponds to the richest parts of the deposit, Le., to the area of ore shoot 

development. 

In the intermediate zone primary aureoles or the linear and elongated shape, or a 

small thickness, moderate contrast are noted; they accompany the vein-type gold ore 

bodies. Here a leading geochemical assocla t!on is a gold-arsenic-silver-copper (or lead) 

one. Within a peripheral zone one can notice weakly contrast spotted-type aureole 

concentrations. characterizing a small impregnated type of mineralization of no commercial 

importance. Gold-molybden um-uolfram is a leading geochemical association. 

"'!. The above features of the aeochemical structure of a deposit are distinctly 

recurrent within ore field and ore body. In particular, 1n ore field around a deposit 

(with gold-arsenic-bismuth association being a leading one and with an isometric type of 

aureoles) one can notice the area of gold-silver-copper-arsenic or gold-silver-lead-

arsenic association (depending on 

llnear type which is replaced, 

molybdenum-berylli urn 

Within the listed 

association 

areas in 

the composition of enclosing rocks} with aureoles or a 

at the periphery vi ore fieM, by the area of gold

with a preva!lin8 development of spotted-type aureoles. 

a favourable geological and srtuctural environment 

mineralization is developing, Which, as regards geochemical features and morphology, is 

identical to the minerali:tat!on of a similar deposit :tone. 

5. The discovered features of the geochemical structut-e of the or:e field. and deposit 

can be utilized when working out of the strategy of the prospecting within ore fields, 

that !.s: concentration of main volumes of prospecting at flanks and in deep horizons of a 

deposit and within the limits of separate anomalies of the intermediate zone. Features of 

the geochemical model for a deposit and multiplicative coe-fficients of the zonality and 

intensity elaborated within the limits of a deposit on the known ore bodies can be applied 

as criteria for the asses.l}ement of geochemical anomalies. 
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SYNGENETIC ANOMALIES IN AN ALLOCHTHON AS AN EVIDENCE OF CRVPTO-BURIEO HINERALIZATION 

Chuchupalov V.N., Chutanov E.I. 

Centrgeofizika, Moscow, USSR 

Theoretic efforts and field lithochemical prospection have been made to test a new, more promising 
method based on geochemical analysis of argillaceous sediments in an allochthon complex, that would permit 
to determine syngenetic accumulations (anomalies) there and thus to forecast crypto-buried ore deposits. 

A mineralized region of the Far East has been used as a standard area for field studies. Deposits 
and indices of tin, polymetals, fluorite, tungsten, gold as 11ell as promising terrains of an ancient folded 
basement with linear and areal crusts of weathering underline thick (10 to 100 m) unconsolidated Meso
Cenozoic series. They formed as lacustro-alluvial deposits. Big masses of terrigenous material, composed 
malnly of products of rewashing in kaolinite crusts of weathering (Ivashinnikov, 1978; Korotky, 1983) were 
supplied during many consecutive periods in water areas of the Late depression structures. Periodic 
appearance of great but shallow lakes in the intercontinental depression and consecutive regressive erosion 
provided for certain l ithochemical aureoles forming around the ore deposlts. We call them subaqueous 
defluxional dispersion fields (or aureoles). Formation of these fields is closely associated with aqueous 
transit and with areas of clast1c material carried there from sources of mineralization. The word area (not 
current!) is just what we need to describe the picture of mechanical dispersion there.Syngenetic nature of 
subaqueous defluxional aureoles and of enclosing allochthon deposits is undubious and confirmed by a number 
of special (mineralogical, phase analysis etc.) studies. 

Subaqueous aureoles are rich in information because their areas are much greater than those of 
primary and secondary (residual) aureoles in all of the ore-bearing hierarchical levels: deposits-ore 
fields-mineralized regions. Below we present comparat1ve data table for various genetic types of buried 
aureoles in an ure field containing two deposits and seven indices of fluor1te-rare metals, one tin deposit 
and a buried causiterite placer: 

Element tin fluor : tungst. berillium Lead : silver 
-~---------------------------------------------------------------

aureole 
type 

primary 9x2.5 

23 

residual 14x3.5 
in the 
crust of 
weathering 

49 

numerator 

denominator 

9.5x3 

29 

15x4 

60 

subaqueous 17x6.5 18x7 
defluxional------

111 126 

length x w1dth (km) 

area ( km) 

7xl. 8 a. 5J<3 Sxl. 5 5X2.5 

13 26 12 13 

1lx2.5 12x3.5 10x4 7.5x4 

28 42 40 30 

l4x5.5 14x5. 5 16x6.5 15x6. 5 

77 73 104 98 

It is evident that subaqueous aureoLes have 5 to 6 times greater areas than the primary aureoles 
and 2 to 3 times greater than those of residual dispersions. 

Surrmary: 
1. New directions in theory and practice of l ithochemical prospection (Subaqueous defluxional aureoles) 
penmit to reduce drilling efforts, at least at first stages of the search for ore and thus to provide for 
high efficiency of prospection work. 

2. New information determines geologic efficiency that manifest itself in the following: 
various types of commercial solid state minerals may be predicted within the subaqueous aureoles, 
including Cenosoic dated strattform deposits of gold, tin, tungsten etc. with argillaceous rock as 
concentrators; 
it becomes possible to calculate, ·at Least approximately, ore material balance and to reconstruct 
the picture of the eroded parts of deposits to have more liberty in managing data on predictable 
reserves; 
reliability of detection of crypto-buried deposit anomalies becomes greater. 
We have been going on in our studies. 
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GFOf'..HEMiCAl S\'STFHS OF OPHJ ORE··CONCENWATING LHJ.t.C.:1nHS 

·:irs~.:/ 

Many researchers such as Ya.Kwtina, I .N. T(,;rr:s::>n, M.A F;:,•.;osi<aya and others have studied open ore
concentrating lineaments (OOL) from positions of 'ret;~Llog<:cn;. SeoLngir:al., space airborne geological and 
geophysical methods for mapping these L inear:'ents ha·-/e tJeen •.:1':!-.·.:=:.ooed. "!"he main goal of geochemistry is to 
recognize among numerous systems of faults ana L~nea.rr-ern:.s tno:-;e ·,vh~ch can be referred t..:: ore-concentrating 
ones. 

Geochemical indications of OClL have been for~~~ated ir• :he process of campi lat~on and analysis of 
geochemical maps: a map of the territory of the .JSSR, ~:lO 1)".:_, f:DO 3cale, and a map of ~~:~•.1thern Siberia, 
1:1 500 000 scale: 

1. Development of geological un1ts 'Nith dt::f1r1~tt:= geochumica.L features: metaL-bearing volcanics that 
fi L l in lineaments of graben-, rift:- types etc. , dike belts <~r>d rrd nor i ntrv;; ions of bds i c, u l trabas i c 
rocks, rare-metal granites cornrnonly with an "l~ka~i tender:cy, •~tc. 

Geochemical features far many sedirnents are c1lso deterrr.~ncd by erdagenic supply of materials by 
hydrothermal springs which are locat.eo :acng fa:.~lts in a depositional basin. Geochemical 
associations of endogenic type an~ coil\l10n 1 r; suer. l~r;·, i !'onments. 

2. Geochemical asymmetrJ of geological objects (intrusive massifs, t>edimentogenic and volcanogenic 
structures) that is attributable either to inherited geochemical features of host racks or to an 
additional supply of chemical elements as u result of the activation of faults. 

3. A relatively high dispersion of the distrib'..ltion and break of correlat·,on r-elations between chemical 
elements (ore and rock-form~ ng) result i r,g fro~ hydrothermal-metasomatic transformations. 

4. The endogenic type of indicator :·elations of eLemerots ~mich ~.assess >'ar'i<>ble migration abilities 
in the hypoge~es is and l"ype r·gem.:s is. 

Points of ir.tersection for 00'-.. v-> Ult+-~,8nt orientatJCH.s, .-micl'-. <Fe n~ost fa,;ourable for ore 
fonnation have matched geochemical chi'trdcte1·,~;c·- ?- ;Jf 1~tersect,',n9 ~ineam,.,r~~:;, ~·1 increase in the numoer 
of spatially c.:;~tiguous mineralizat"ot.s ::;f a·,rf',~r;~nt t:.r.,;,o. d',j dgt::s a'<~j .,.. the n._,r-~u~r of geocherrncal 
anomalies, anj not i nf rcquent l y, tre ~A:~ tr ctr:t ~ ,,,. ~-" t: \. errer~t.:' ar.CJ -~~t ·cr;-:a lous Lav; \:Jl~ochc:-nl cal tackg round. 

The geoche;-r:~caL C'./':JI.ution ,;t C!•::.::;r·;,m<d by •Y.J ·r-rp·a;;r.lon o"' inher1ted processes and new 
furmation. The lt~ttf:::r <:o.re recogniz:r:j t"i ·c:c'~-~~ 1~ cor;t._rt:, .~' .e",S Ubdr.nant e:.en;er.t:> 1n later epochs: 
siderophiLe and <:halcopi~ile eler::e;·l:,.;, (:~;:·,~,~ ,_,. , :.::~:O.I:..J!':·~. _,,,-<;_ ~-1, et.-::.) jr' i.:•·u:.t.c.: ~t·;,tc',ing z:ones; 
dominantly Lithophile elements (rart:: ffit!t<o.i.5 ar.a 1'-:~rr:: 8::!1til$: 1(, .c::-1:8$ u" :.;,-;:r,presS1D:\ "'nu ::J13n~te h .. rorJ(S.tlOn. 
There is a tendency for a i. ithop~'i ~e tyue a,s:'.·OC'iiti::v:.;. t::: r: -c..--:'1~:,: ~=-~·,re ;.:-r~r-.:.;•·t,2r·,t, ·.,nl~t· -~~ r,.-,r:;_;i~tent ;'i'ith 
the directed lithification of ~ne ~a·to1 co ...:rd£>~ .. 
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GEOCHEMICAL PROSPECTING FOR GOLD IN THE BOHEMIAN MASSIF 

J. Janatka 
Geolndustria, Komunardu 6, Praha 7, Czechoslovakia 

Rising prices of gold and changes in the theories of gold metallogeny in the early seventies started 
a new period of gold prospecting in Czechoslovakia. Extensive research program of re-evaluation of the gold 
potential of the Bohemian Massif resulted in collecting the data of nearly 1,500 gold occurrences. Paralelly, 
grassroots gold exploration was performed. 

Al~~st 70% of the area of the Bohemian Massif was covered by regional panning prospecting with average 
density of 1 sample per sq. km, which detected Large gold anomalies both in old known districts and in new 
areas. Results of the panning prospecting for gold are enhanced by analysing the -0.15 rrm fraction of the 
heavy concentrates. 

Soil prospecting in areas of favorable geological structure and/or Au anomalies reveal~d by the panning 
prospecting was used as the most frequent method on both regional and detailed scales of exploration. Up to the 
present time, soil prospecting helped to find several important gold deposits. The -200 mesh fraction of soil 
samples proved to be sufficient in detecting anomalies of most trace elements, including gold. The method is 
amended by analyses of heavy mineral concentrates of sci l samples (e. g. in prospecting for gold-scheel ite mine
ralization in high-grade metamorphic complexes of the Moldanubicum). 

Gold itself represents the best indicator of mineralization. Gold districts are characterized by back
ground values of tens of ppb, ore outcrops are indicated by concentrations up to several ppm. Halos of gold 
mineralization are larger, higher and more regular in granitic rocks than in areas of volcanic and metamorpic 
rocks. 

Gold mineralization of the Bohemian Massif shows common zoning. \1 (scheelite) and Mo concentrations increase 
downwards, mostly with simultaneous decrease in Au grades. Arsenic, concentrated generally in the upper parts 
of mineralized structures, represents together with Bi the most useful pathfinders for gold. The spatial 
relationship of As and Au anomalies is sometimes nat unambiquous (sstratiform mineralizations, e. g.). The suite 
of the most frequent pathfinders comprises occasional Ag, Hg, Pb, Sb. 
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Pi~r,::{ - VRCOVICE AU, AG DISTRICT: PROBABLE OCCURRENCE OF GOLD-BEARING SHEAR ZONES 
IN THE MOLDANUBICUM OF THE BOHEMIAN MASSIF 

J. Jw~atka and T. van a 
Geoir.dustria Pr·aha, Komunardu 6, 170 04 Praha 7 

Czechoslovakia 

T<HQet area is situated at the contact of Moldanubian gneiss with granodiorite of the Central 
2:·•-,~~;nan r'luton. The contact zone exhibits combined intrusive-tectonic cho<racter. Geologic structure of the 
st.udied area r;<:~s been extensively affected by tectonics sha-,nng prevailing Ni'/ direct10n. In addition, 
numerous pennate structures are present. 

ik<1ic·nal paning prospecting detected anomalies of mineralogical gold and scheel 1te associated with 
ir·,r;r.::clscU concentrations of Ag, As, and Pb in the -80 mesh fraction of heavy conce~trates. In the rnost 
cr-.s;:.,;ccti-Jc area, soil and rock sampLing, reconnaissance drilling and trenching were performed. 

n-.e ~''-~c>u l ts confirmed hitherto unk~m.,.l go'.d mi ncral i zat ion with several quartz generat1ons. The 
early, rather dar\ q•Jartz forms veins and lenses located 1n zones of ductile deformation over 10m thick, 
acccmpnnied b;.• extensive hydrothermal alteration and mylomtizat1on. The quartz is characterized by common 
presenc~ of fine~grained arsenop~:rite pigment and occasional pyr1te, marcasite, and chalcopyrite. Late 
ra':her· L•gt-.t :l,_:c:ri:z forrr:s 'Jeinlets and veins lJP to 1m tf-)ick filling rr.ainly the pennate structures. Gold 
contents n;~cn up to 15 g/t. They are accompani~d by increased concentrations of Ag, t>.s, Bi, Cu, Pb, and 
Sb. the iu/A.;:; :·a<;:io falls into the 1 ~ 1/10 range. 

Regarding the geolog1cal and geochemical features, gold mineralization of the Pisek ~ Vrcovice 
e~:i··ihit::-, similarities to the gold~bearing shear zones of the Hercynian basement of France. 
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GOLD-BEARING PYRITE IN QUARTZ-SERICITE-CHLORITE SCHISTS WITH GRAPHITE NEAR NIELESTNO (LOWER SILESIA) 

Andrzej Klosiewicz 
State Geological Institute in Warsaw, Poland 

Geochemical investigations have shown different contents of gold in quartz-sericite-chlorite schists 
with graphite in dependence on their type. Quartz lenses and quartz laminae schists with big amount of 
pyrite contain 0.021 g/t of gold on the average (maximum - 0.043 g/t}. Schists without quartz lenses and 
quartz laminae and including small quantity of pyrite contain 0.006 g/t of gold on the average. 

Microscopic investigations performed up to now have not shown the presence of native gold. Pyrite 
is the main ore-mineral of quartz-sericite-chlorite schists with graphite. This pyrite often shows organic 
textures. Electron microscope investigations have shown th~t pyrite is gold-bearing. Admixtures of the 
following elements: As, Pb, Bi, U have been also confirmed in this pyrite. 
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THE ~lAill RESUlTS 0? Tl!C> GJ:JCHc::UCAL EXPWUATIO!l tJH GOLD WITHIN THE CENTRALSLOVAC 

NEOVOLCA.r:IC ARZA 

Since the oldest times, the Centi'·alalovao neovolcanic area represents the most im-

portent source of gold et Slovakia .. The hi.atory of the gold mining herE:~ is e.t least loOOO 

yea:ra old .. They are tb.a two best knorm Gentralslovac deposits - BanakS. Stiavnica /be.ae 

mete.J.z bae.ring veins with gold and silv~n .. content/ and Kremnica /gold bearing quarz veins 

flith s:ome silver content/., Th0 gold mini:a:;_:; here haEJ been ceaaed in 1970 /Kremnica/, be

cause of low pricos of gold at thnt tifileo At presentr the base metaJ.s from BanskB. Stie.v

nioa ore district are mined and th9 small scale~ surfac0 mining of the Stureo gold depo-

sit at Kremnica is preparedc 

Since 1965~ the geoohemios..l exploratj_on has been carried out within the whole area 

/heavy mineral eurveyu stream :';t:~diinE::tnts~ soil and rock surveys/ o .AJJ r~garda of the new 

knowledge about gold mineralization~ besides the new information about the traditional 

gold bearing veins and occurrences, the very important information have been obtained 

here about tha presenoG of the disseminated Au mineralization at sedimentary carbonate 

group of beds of mesozoic age 9 at the margins of the area0 at vicinity of the neovolca-

nio formationao 

The distinguished anomalies /H.g, As, Sb~ Tl/ have been found out here, \"lhich indica-

te the probc-d:.lo presenoo oi ~h" ~uld miUL:TaJ.2_z.atirJn ·..-i.thin the secondru.·~· silicificated 

zones at ~h<.: l_;c.:o..·bow:;.tE· ;.J'Jdimt::IHa /I'Jo called Carlin type ·- locali tie3 Remate at western 

margin of the !{~~err.ricn ore district, Buko'reo at northern part of the Bansk.li Stiavnioa 

ore dlb~rin(;t Sokolec v.t l!I:: ~-:..1:,.~~~: o.c' the 1'ribe6 ore dtstrict/., 

By m~::rllt:. oi the 6~'Johemie3J p:cospeoti:ng /including of geochemical shallow bore-ho-

lee/~ tho l)rimfu--y gold minerWiztltion near surface has been discovered /occurrence Ude-

l~inei by L1C:mcc/" So far the quostiou of the type of ihia mineralization has been not 

solved yet~ neverth(•lesat the average Au content /about 5 gt-1 I is very interesting 

from economic poin·t o.f view, 

The main results of the geoohemice..l prospecting, ae regards of the disseminated gold 

mineralization at carbonat a silicificated rooks from Remata, will be given at this report 

/used ole thode, distribution of the indicator elements within the eecondax·y and primary 

geochemical field~ the preliminary information about distribution of gold mineralization/o 

Furtherp there will be given the r~sults of the geochemical prospecting f:r:-om the UderinB. 

locality /used methode, distribution of the indicators within the secondary geochemical 

field, distribution of gold at primary rocks/ o The :final part of the report deale with 

the prognosis of the gold mineralization /so called Carlin type/ at the Centralslovao 

neovolcanic area and at Slovakia on the wholeo 
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THE WEATHERING ZONE OP THE COCTEllCOL DEPOSIT OF RARE J.tETALS IN THE CENTRAL KAZAKHSTAN: 

GC:OC!lli.IUSTRV OF lSo t' W ,- Bi IN WEATHERING PRODUC'fS OF O~BEARING ROCKS 

SergoJ A. Knlezev, Inst itute Geol ogy and Geophioio Siberian Branch Academy of Sci ences df 
USSR, llovoeibirsk , USSR 

The weathering zone of t he Cootenool deposit was f ormed in Triassic after the pene
tration of t he granite i ntrus ion of Permian ago ( P1 ) i n Devonian extrusive sedimentary 
layer ( D3!r--.!ro),- accompanied by the format i on of stockwork of rare roetals / Ma3ypoB 11 .n:p . , I98I/. 
The wea thering zone settles down in graben, within which liroits native rocks are represen-
ted by ore-bearing garnet scams, hornatonea, decite por phyries; in quartz and quartz
.K-f eldspa tluo vei ns of. t hese rocks pyri t e • wolfr amite, scheeli te , moli bdeni te, Bi-sulpho-
salts are f ound. In t he central part of graben the thickness of hypergene formations reaches 
200 metres . 

Geochemistry ot 1~, w, Bi in t he weat hering zone of t he deposit is characterized with 
the aid of t hs nr-.e.l yt ica.l data ( qus.nt :1tat i vo spect rum, atomic absorption, X-ray structural 
and othel.' typaa of ana.lysises) together with the reoul ts of phi;3ico-chemical computer mo
uelling with t be b.elp of a progranwe complex "Sel ector" / l<a3hMI.iH 11 .n:p. , 1975/ of the 
weatheri ng pr oceea of ore-bearing rooks. 

Phi sioo-chemical condit ions of hypergene mineral foTination, a mat erial composition 
o! tho wea t hering products , forms of migration o! Mo , w, Bi in hypergene solutions, forms 
of t hos& elements pr esence in t he weathering subs t rat es belong to the factors, which in
!lll~nce geochemistry of rare metal s i n the wea thering pr oduc t s of the deposit ' s rocks, 

Kaolini t e and hypergene minera ls of Fe , Mn {goethite , pyrolusite) get extensive de
velopment in upper horrizons of hyper gene profi l es dtrri ng f ormation ot a clay zone by weak 
uoid (olose to ~eutral ) r eactions of water soluti on. In t his part of the weathering crust 
it is r egistered a consi derable increase of oonsent ration of J.~ and w. The data of phisico
('hom"toal modell i ng t oge ther with the resul ts o! X-ray s truct ural analysises showed a pos
n1bi1ity o! f ormation of hypergene mineral s of W and Bi - tungstite , russellite , bismite -
i n l•ll tlw i nt erva l of the clay zone . 

Forr.~ ot migration of Me, w, ll1 i n P~ergene oolutions do not clULnge essent ially in 
.cauai.ion !rom weak acl._d mineral formation ntediwn t o weak alkaline conditions (during 

! orlllation oi .JJOl•tmor i lloni te-ill i te paragenesis i n lower part s of t he wet hering crust) . 
2- 2- ( )0 In solu ~ion a io~e of ~04 , wo4 , Bi OH 3 pr edominate . The forms of migration of rare me-

t!:l.ltt JU!l.ke 1t 1>o.;n.tble to suppose accumul a tion of Mo and W joi ntly with positive charged 
colloid - hyd..cooxide of Fe( ill ) / l.J.y;(pon, l SGG/ - i n the res ul t of i on sorbtion. 

In the d:lainteera t ion zones of the weather ing prof iles it is registered a slight con
centrati on of t·:~ weatheri ng products by rare met al s, connected with s tability to the wea
thering o! quar~z and quartz - K- f eldspathio ore veins . 

So, ,;he factors, checking t he behaviour of Mo, w, Bi i n the weathering zone of the 
Cootencol deposit, led to a considerable RCCWnulation of hypergene r ocks by rare metals. 
Llaxirnum ooe!floient of concentr ation ( K) f or thes e el ements hav e the following data in t he 
wea t hering profiles ~n the central part of t he Cootencol graben: K( W)=45,3; K(B1)~4 , 7; 

K( Wo )•.3 , B, 'rhe peculiariti es of geologic: structure , main feature s of geochemistry of 14o, 

W, Bi !or the ~ea.thering zone of t~e Coot encol deposi t allow to value its rocks as an 
extremely perspecti ve raw material of r are metale 0 
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USE OF ELEMENT ~1ETASTABII !TY FOR APPLIED PURPOSES By PHYTOHYDROOEOCHEMICAL METHOD 

8.A.I\(-;t:::.to,,, \'.Z.Rubeikin, E.A.1Z1o;eleva 
ALL-Unlon Research Tr.stitute of Hydrogeology 

and Engineering Geology, MOsco;<~, USSR 

Any r1atural or technogenic source of excessively concertrated chemical elements forms dispersion 
haloes in all geochemical spheres. This phenomeron 'S widely used in prospecting for mineral deposits and 
in environmental control. 

State tr·ansformat1on {or forms of stay) of defusing e~ements in various media of Litho-, hydro-, 
atmo- and biospheres is the main specific feature of dispersion process, 1>1hich provides potential 
possibilities to use it for applied purposes. 

Element di~::persion mainly tends to ever gro~1ing probable stabilization with time. The stable state 
of elements may be specific for each particular medium or object and represents, thus, the information about 
the source of eLements and the envi ronm~nt in 1•1h i ch tht:!Se elements migrate. Just this s~rves a potential 
for using this phenomenon for applied purposes. Here, of the greatest importance is the starting period of 
dispersion-halo formation when a metastable state is particuLarly contrast on minimum background and 
therefore most exactly reflects major specific features of elements as indicators of the source. With time 
the state becomes stable and is transformed in accordance with characteristics of an enclosing medium. 

iihi le carrying out analytical works to detect a dispersion halo in a medium, elements of metastable 
state ar.d, thus, poorly connected vnth the medium substrate may be easi l.y extracted using extragents of 
various composition and concentration, For example, they are extracted from samples of loose sediments, 
plants and zen-organisms, using aqweous, acid, alkaline ex~:racts and organic solvents, 

The important advantages of the proposed rr.ethcdical approach to geochemical studies are that it is 
simple, reliable and quick in completion. In particular, of high efficiency in indicating dispersion haloes 
for metals is the method of preparing short··term aqueous and hydrochloric extracts from plants (leaves) and 
the subsequent analys1s of solution obto:ine;d. 

The pnnciple possibility l!:i st-.v,·.n to use the present method in prospecting for ore deposits, oil-
ar-d gas-bear4ng ~tructures, as well "~ ..;rlV''U!I~ental controL ::.lung rrotor· highways and within urban 

agglc:neri:lt ion:,;. 
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GEOCHEMICAL-MATHEMATICAL MODELLING OF STRATIFORM POLYMETALLIC DEPOSITS IN KAZAKHSTAN 

V.K.Koshelev, M.S. Tonkopii, "Yuzhkazgeologia", Alrna-Ata, 
USSR 

Construction of geochemical-mathematical models of mineral deposits with any genetic type, including 
stratiform polymetallic one, suggests their description in the form of equation or set of equations. Such 
expression of mineral deposit models have resulted from regressive analysis. 

The basis of methodics is to reveal the optimal dependence between geochemical, geophysical and 
other features observed an mineral deposit, and the studied quantity, e.g. prospected reserves. 

The mineral deposit models of Atasu type and separately of Mirgalimsai, plotted on electronic 
computer as polyrnetal reserves in above-mentioned mineral deposits versus chemical elements distribution 
in primary haloes, enables one to choose the informative complex of prospecting mineralization signs, to 
describe characteristics of these signs quantitatively, and to single out the rational methods for explora
tion of these mineral deposits. 

The paper gives both the analysis of info~mative signs choice in regression of total zinc and Lead 
reserves on Atasu mineral deposit and on Mirgalimsa1, and their geological interpretation with possible 
correlation of various steps in industrial-worth ore formation. 

The plotted models are used in practice for quantitative assessment of prognostic zinc and plumbum 
resources according to geochemical and geophysical data in l(azakhstan. 
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PROBtEMS OF GEOCHEMICAL EXPLORATION FOR DEEP-SEATED COPPER-NICKEL SULPHIDE OfpOSITS 

E.S.Kravtchenko and V.V.Ryabov 

Institute of mineralogy ,geochemistry and crystal chemistry of rare elements 
Mingeo and Academy of Sciences, Moscow, USSR 

Primary halos of massive sulphide copper-nickel deposits, e.g. those of Petchenga, Allaretchka and 
Norilsk regions, were formed in different geological and structural settings: host rocks vary in age, 
composition and formation conditions. Nevertheless, the facts concerning distribution of chemical elements 
within ore-bodies, differentiated intrusive and primary halos give rise to a general hypothesis of their 
origin. Using the hypothesis it is possible to find a new approach to problems of prospecting for concealed 
copper-nickel sulphide mineralization. 

It can be assumed that ore-producing magmatic activizatian along with intruding and forming of ore
bearing basic-ultrabasic complexes included abundant influx of deep solutions. 

The main source of ore elements were intruding magma as well as deep solutions. The activity of the 
latter factor was more lasting, what resulted in partial re-distribution of ore and typochemical elements 
within host rocks. 

Petrological and structural setting can be named as key ore-controlling factors. 

The results of halo-ore body interrelations are applicable in prospecting and estimation of copper
nickel sulphide deposits including blind and deep-seated ones. This fact is of major practical importance. 

Nowadays, the information on primary halos of copper-nickel sulphide deposits includes analytical 
results for ca 150 000 geochemical samples. On the average, the content of 15 elements was determined by 
semi-quantitative spectral analysis in each sample. For some deposits up to 20 elements content was 
determined by quantitative methods. 

The following items are based upon the results of studying of geochemical maps of ore fields (scale 
1:25.000), ore zones (scale 1:10.000 and 1:5.000) Level plans of ore deposits {scale 1:5.000- 1:1.000) and 
standard sections of intrusive and ore deposits. 
1. Primary halos of copper-nickel sulphide mineralization obtain complex multielement compositions. 
Along with relatively limited suite of ore elements. (ca 6-10) there is also a large group of "satellite" 
elements {up to 20) which can be used for geochemical criteria for prediction and estimation of ore 
mineralization. 1 

2. Primary halos were traced at a distance of severaL kilometers upward the inclination of ore-
containing zones. Halo dimensions significantly exceed not only those of ore deposits as well. 

Practically, at Least three hierarchical Levels can be defined within halos structure: 
i) primary halos of are bodies; 
ii) primary halos of ore deposits; 
iii) primary halos of ore fields. 

3. Complex zoning composition is inherent in primary halos of copper-nickel sulphide deposits. Th1s 
is induced firstly by duplicity of ore-controlling factors, which is especially clearly revealed within 
Large differentiated basic-uttrabasic massifs, e.g. Petchenga and Norilsk. There are two clearly defined 
trends in spatial destribution of indicator elements. The first of them is directed from upper 
differentiates towards the bottom ones while another one is subperpendicular to it and corresponds to the 
direction of deep solutions movement, i.e. up the inclination from root parts of an intrusive body towards 
its frontal parts. 

There is evidence that the origin of geochemical pattern for ore bodies is generally the same. 

The second major factor responsible for structural complexities of the halos is the mult -level 
hierarchy of their structure, as it has already been mentioned above. Each of the levels represents·zoning 
pattern of its own. 

Geochemical peculiarities that are revealed now for halos, ore bodies and differentiated intrusive 
bodies permit to define reliable criteria for prospecting and assessment of halo zones of a given ore 
formation type at the depth not less than 1,000 - 1,500m as well as to grade erosion level of ore bodies 
(instrusives) and direction of zoning vector. Using the results of geochemical investigations it is pos
sible to adjust planning operations. 

The facts given above confirm effectiveness of geochemical methods application for any stage of 
prospecting for hidden copper-nickel sulphide mineralization. 
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ON HYDROGEOCHEMISTRY IN ORE EXPLORATION IN FINLAND 

P.W. Lahermo, Geological Survey of Finland, SF-02150 Espoo, Finland 

V. Peuraniemi, University of Oulu, SF-90570 Oulu, Finland 

Chemical analyses of groundwaters and/or surface waters have only exceptionally been used as an aid to geochemical 

exploration in this country. The Nordkalott Project, jointly carried out by the Geological Surveys of Finland, Norway 

and Sweden and covering northern Fennoscandia (above 6(f latitude), collected and studied till, stream sediment and 

heavy mineral samples, and e. 6400 stream water samples. Allhough collected in summer, a season characterized by 

alternating rainy and dry spells, the electrical conductance and main cation concentrations (Ca, Mg, Sr) in the samples 

appeared to be controlled by the bedrock composition, i.e. the distribution of mafic, uilramaric and carbonate 

components in relation to felsic ones. In this respect, stream water seems to be as useful a material as till and even 

better than heterogeneous stream sediments. The most important ore elements generally used a)\ pathrinUcrs, such as 

Zn, Cu, Cr, Co and As, occur in natural waters in very low concentrations and are extremely vulnerable to 

contamination rendering the hydrogeochemical method more difficult. 

In a more detailed study in the Saltanen area, central Firu1ish Lapland, water samples were collected from streams and 

springs. The Sattaoen area is largely composed of sedimentary and volcanic malic and ultramafic rock associations, 

such as ampbibolitcs, gabbros and komaliites. These rocks are characteristically rich in Ni and Cr, as is alsu seen in 

their elevated concentrations in spring and stream water. The granite areas and the old basement composed of granite 

gneisses are reflected in very low concentrations of dissolved elements, including heavy metals. 

The groundwater samples collected from some springs and wells in the granite gneiss area at Suomussalmi, eastern 

Finland, showed elevated F values. These could be attributed to the occurrence of early Proterozoic K-rich granites. 

Till samples from the same area contained anomalous F, Li and So concentrations. On the basis of geochemistry the 

K-granite is of the rapakivi type and has conspicuous ore potential. 

Some groundwater samples were taken from springs and wells to decipher the sulphide ore potential of the Proterozoic 

Kiiminki schist area in northern Finland. Several high Zn concentrations showed that the volcanic sedimentary 

sequences of the area are potential for Zn ores. This was confirmed by the Zn ore boulders and the high Zn 

abundances of till. 

During a nationwide hydrogeochemical mapping of groundwater, about 5900 samples from springs and wells dug into 

overburden and drilled into bedrock were also analysed for some heavy metals. Particularly in dug and drilled wells, 

contamination due to water utilization (pumps, pipes, containers, etc.), sampling procedure and preparation of samples 

is omnipresent and difficult to distinguish from values caused by natural heavy metal sources, such as chemical 

disintegration of sulphide minerals. 

Some tens of deep small-diameter explorationa1 drill holes were sampled for water (without pumping). As most of I he 

boles were drilled in sulphidewore potential areas, they often intersect ore mineralizations. Saline Na-Ca-Cl or Ca-Na

Cl dominant waters were encountered. Because of the strongly reducing environment and high pH level (pH 8-10), 

heavy metal concentrations (e.g. Zn, Cu, and Ni) were generally very low. Only Fe and Mn, readily soluble in a low 

Eh environment, sometimes reached levels of several tens of mg/1. Hence, drill hole waters in an ore environment do 

not always show strong positive anomalies. However, under favourable conditions drill hole water may give informa

tion about more distant mineralizations not intersected by the hole. This is particularly true of the fairly mobile U. 

158 



THE DISPERSION OF ORE ELEMENTS WITHIN THE WEATHERING PROFILE 
AT HANNAH SOUTH GOLD MINE; WESTERN AUSTRALIA 

L.M.lawrance and C.R M.Butt 

Division of Exploration Geoscience, C.S.I.R.O., Floreat Park 6014 
Western Australia 

The Hannah South gold deposit is located 15 km SSE of Kalgoorlie, in the Norseman-Wiluna belt of 
the Archaean Yilgarn Block, Western Australia. The deposit is situated beneath a playa that forms part of 
a ephemeral lake system. The original lateritic weathering profile has been partially truncated by the 
migration of this system and ferruginous gypsiferous Lacustrine sediments have been deposited, leaving no 
outcrop. In winter, water temporarily accumulates in the lake saturating the profile. However, for most of 
the year, the watertable is at 20 - 30 m depth within the profile creating a redox front. Below this 
interface gray-green saprol itic rock is saturated with highly saline groundwater in a reducing environment. 
Above the redox interface, highly leached white clay is stained by red-brown iron oxyhydroxides in an 
oxidizing environment. 

The mineraL1zation is hosted by a highly altered basaltic unit, now a granular and semi-massive 
siliceous epidote-ankerite rock, A tuffaceous sediment and an andesite porphyry bound this unit. These rocks 
have been dissected by numerous fault which have promoted weathering to a depth of 65-75 m, where major 
faulting has truncated the host unit. Between this weathering front and the redox interface, gold is con
fined to the host unit, associated with sulphides, dominantly pyrite; it has an average grade of 17 ppm Au, 
with Local concentrations of up to 180 ppm. Cobaltite, galenobismuthite, bismuthite and wittichenite also 
occur, either within pyrite or as free grains. Primary gold is mainly associated with the bismuth-sulphide 
minerals and rarely as inclusions in pyrite. Higher in this zone, as weathering increases the pyrite becomes 
increasingly porous and finely fractured. Groundwater flow is limited in this zone and the weathering of 
pyrite produces pH values of 4.0 - 5.5 in the host unit, in contrast, with the wall rocks which produce a 
pH environment of 7.5- 8.5. Micron-sized seco~dary gold begins to occur as isolated grains and clusters 
within the kaolinite matrix and as fine fracture fillings in epidote surrounding the semi-weathered 
sulphides, but remain confined to the host unit. 

At the redox interface, the pyrite is completely oxidized and replaced by iron oxyhydroxide 
pseudomorphs. Just above this interface in a moderately acid environment (pH 5.5 - 6.5), a flat Lying zone 
of secondary gold enrichment has formed, which spreads into the adjacent weathered country rocks, resulting 
in a mushroom shaped gold distribution pattern for the deposit. The zone has an average gr~de of 20 ppm Au 
with localised areas at grades of 50 - 110 ppm. The supergene gold in this zone occurs predominantly as 
octahedral and hexagonal crystals of high fineness, deposited in voids within iron-rich clay. Secondary gold 
also occurs in iron-oxide veins within the host unit and along faults in the adjacent country rocks. Above 
this zone of secondary enrichment, the upper highly leached saprolite is strongly depleted in gold and as 
a result the mineralization cannot be detected by surface soil sampling or shallow drilling. 

Silver, As, Bi, Co, Cu, Mo, Pb, Sb, Wand Zn are associated with the primary mineralization, and 
their mobilities have also been affected by weathering. The relative mobilities and dispersion patterns of 
gold ar.d these associated ore elements will be discussed in the context of weathering profile evolution 
under changing environmental conditions. 
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METALLIC ANOMALIES OCCURRENCE ACCORDING TO THE NATURE OF CONSTITUENTS IN THE WEATHERING PROFILE OF THE 
MINERALIZED HBORGUENE AREA (EAST CAMEROUN} 

Paul Lecomte 

BRGM, BP 6009, 45060 Orleans Cedex 2, France 

The Mborguene area forms a part of the Betare Oya gold district situated in east Cameroun and contains 
Au mineralizations associated with sulphides (pyrite] in partly brecciated quartz facies. The mineralizations 
are scattered in a Lower Proterozoic volcano-sedimentary series consisting of two main units of black schist 
and sericite schist,close to a monzosyenitic intrusion. 

On surface,the secondary gold halo is developed in the various horizons of a 25 m thick lateritic 
weathering profile, up to the surficial soil,in association with several pathfinders such as Pb, Bi, Mo, 
W, and As. The different exploration steps (BRGM,unpublished reports] Led to the discovery of some 
orebodies in spite of the lack of outcrops and the thick weathering mantle concealing the bedrock. 

In a previous methodological study (Freyssinet et al., 1989), an attempt was made to evaluate and 
compare the size and type of the geochemical dispersion haloes in the different horizons of the lateritic 
profile and to define an order for halo size among the different pathfinders of the mineralization, including 
gold. 

A specific sampling of different constituents and at different Levels of the weathering profile was 
undertaken to determine the most efficient metal-bearing phases directly concerned by the primary 
mineralized environment. The data of this study are presented in this paper. 

Sharing out along two traverses cross-cutting two mineralized structures, 14 sampling sites were chosen 
according to the type of weathering profile and their location in relation to the orebodies. On each site, 
the various horizons of the Lateritic profile were sampled, from the saprolite to the surficial soil. The 
different constituents were separated generally in five main phases, before the chemical analysis: the fine 
argillaceous matrix, the ferruginous crust remnants, the ferruginous globular [or pisolitic] nodules, the 
lithorelics and the quartz. 

All these constituents were analyzed for 34 major and trace elements by ICP and for Au by AAS. The data 
were processed using the classical multivariate statistical analysis as, for instance, the principal 
component factor analysis, and more specifically the plot of metal variations in the different two-dimension 
factorial spaces. 

At the scale of the prospect area and for whole samples, the metals occurring together in the primary 
orebody, obviously remain rather well correlated in the weathering profile, with a similar dispersion 
pattern but different halo sizes. Conversely, partitioning the samples into several constituents, we showed 
that the best expression of the anomaly is not Located in the same phase for each element. The different 
metals are therefore distributed in increasingly evolved constituents (see table 1) in a rather comparable 
order to that of the dispersion scale defined in the previous regional study; from one s1de, Au or W are 
more specifically associated with the fine argillaceous fraction and the Lithorelics and, to the other 
side, As or Ag are exclusively related to the lateritic material (crust or nodules). 

Considering the fine argillaceous matrix only, it can be observed that the image of the haloes is 
not dependent on the type of weathering horizon or on the sampling depth. In the same way, the contents of 
quartz or ferruginous material in the matrix do not significantly change from one horizon to other. 
Conversely, the specific geochemical signature of the geochemical setting around the mineralizations is 
clearly marked in the fine fraction of the different horizons and, in this case, appears different for each 
of the two structures. 

These results indicate that in this case of Lateritic weathering, the more efficient sampled 
material to define a surface anomalous halo is not necessarily the same for each metal (or pathfinder) of 
the primary mineralization. In fact, the ferruginous lateritic constituents for As, Ag, Mo and Bi, and the 
fine argillaceous matrix for Au, W, Pb give the best geochemical response on surface, which corresponds 
rather well to the specific behaviour of these elements towards iron. Furthermore, the fine matrix seems 
to correspond to a homogeneous environment, independent of variations in depth or horizon type; the fine 
matrix would therefore be the more reliable sampling material, particularly for gold. 
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Table 1: The best image of the anomalo~s halo in the weathering profile according to the nature of the 
samples. 

Sample type \ Au W I Pb I Bi I Ho I As I Ag I 

Crust I I XX I xxxj 
------------------------------------------------
Nodules I X I X I XX I XXXI XX I xx1 

Lithorelics I XX I XX I XX I XX I X I X I X I 

Fine matrix I XXXI XX I XX I I 
------------------------------------------------
Quartz l 

References: 
Freyssinet Ph., Lecomte P., Edimo A., 1989. Dispersion of gold and base metals in the Mborguene lateritic 
profile, east Cameroun. J. of Geoch. Expt., 32, 99-116. 
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SURFICIAL URANIUM DEPOSITS - AN ALTERNATIVE SOURCE IN THE 
NUCLEAR FUEL CYCLE 

S.D. Lepky, Institute of Geochemistry and Physics of Minerals, Academy of Sciences of the Ukrainian SSR, 
Kiev, SSSR 

The analysis of uranium deposits shows that uranium for nuclear power industry is mined from 
conglomerates, pegmatoid granites, metasomatites and sandstones of the Proterozoic to Phanerozoic age. 
Mining of these deposits is closely connected with ecological damage due to blasting, stripping, mine 
sinking and rock handling. Tailings occupying great areas are constant radioactive pollutants of the air 
and hydrological basins. Gaseous product Rn and UF6 escape into the atmosphere. The personnel is exposed 
to gamma and beta emitters. 

Nowadays there is a trend to search for new sources of nuclear energy fuel that et iminate 
environmental hazards. Surficial deposits in the cover of the Ukrainian Shield that formed from the Upper 
Tertiary to Recent age meet some ecological demands. the main advantages of these deposits over conventional 
types are as follows: 

1. Host rock is near or on the surface, and the deposit is mined by open-pit technique or uranium 
is exacted by in-situ teaching. 
2. Due to less voluminous infrastructures surface disturbance is negligible, and the bulk of 
pollutive waste is small. 
3. Physical properties and geochemical background of the surrounding are not significantly altered. 
4. low-level radioactivity of the deposits (radioactive equilibrium ranges within 2- 8%) makes a 
Less hazardous influence of gamma-radiation upon the staff. 

Surficial uranium deposits may be considered a quite promising source for nuclear fuel. 
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GEOCHEMICAL HODEL OF AURIARGENFEROUS OERJSIT 

Litvinenko Yu. S. 
Moscow State University,USSR 

l. The geochemical model presented is a generalized graphical or analytical image of a deposit (ore 
body) where distribution of chemical elements actually existing in a geological medium is replaced by 
geochemical values (contents and productivities of elements exceeding background values, factors of 
zonality, similarity, etc.). The latter are presented as respective graphs, maps of isolines, tables, etc. 
providing new information on a given object. 

2. The resuLts of investigating near-surface au r iargentiferous deposits localized in paleogene volcanic 
formations are considered. Ore bodies are composed of chlorite-sulfide-quartz and kaolinite-sulfide-quartz 
veins and vein zones with steep incidence which are accompanied by primary aureoLes of gold, silver and up 
to a dozen of accessory elements. 

3. Vertical zonality of elements distribution formed in the process of ore deposition is accepted as 
basis when constructing a geochemical model of a deposit. Similarity of particular series of vertical 
geochemical zonality constructed for main ore zones was helpful at deriving a generalized zonality series 
for deposits (in upward direction): Mn-Zn-Cu-Sn~Pb-Bi-Mo-Ag-As-Au-Ba-Sb-Hg. Relationships between average 
over-background contents or Linear productivities of elements decreasing constantly with depth reliably 
indicate mineralization horizons. The relationships are presented as follows Vz: 

v1 = Sb.Ag/Mn.Zn, v2 = Sb.Ag/Cu.Zn, v3 = Ag.Pb/Mn.Zn, v4 = Sb.As/Mn.Zn, 

V5 = Au.Sb/Cu.zn, v6 = Sb.As/Bi.Zn, V7 = Pb/Zn 

4. Numerical values of these indicators for different mineralization Levels were studied at the cross
section of thoroughly prospected (referential) ore body. The total scale of ore mineralization of a 
referential body in a conventional metrics is Z=O,O+l.O. 

5. The obtained Vz graphs provide valuation of all discovered cross-sections of ore veins and vein 
zones with confidence interval estimation +- S/Vi"i where n is the number of factors V; S is standard 
deviation of their values. This resulted in estimating the Level of erosion section of ore bodies and 
separate tectonic blocks as the average of particular estimations over 5-8 factors. I sol ines of factors Vz 
are plotted at longitudinal vertical projections of ore Veins and vein zones. They correspond to contour 
of commercial mineralization to the lower (Z>0,2) and upper (Z<0,8). 

6. Estimates of prognostic resources of ore bodies were carried out over secondary aureoles of deposits 
distribution by calculating their productivities over areas Pi (in m2%) with consideration of their 
similarity coefficients Hi =/ 1,0 in respect to the distribution aureoles of referential deposit (Hi 
=Pi/P ret}. 

7. The construction of the geochemical model of a deposit resulted in concrete recommendations 
concerning geological prospecting activities which provide their effectiveness. 

163 



APPLICATION OF SEQUENTIAL EXTRACTION TECHNIQUE IN PROSPECTING FOR HIDDEN ORE DEPOSITS 

Zhou Liyi, Yang Shaoping and Sun Xiaoling 

Institute of Geophysical and Geochemical Exploration 
Langfang, Hebei 102849 

P.R. China 

A sequential extraction technique was developed which can partition metals in geochemical samples 
into 7 fractions: fraction 1 is related to water-soluble and exchangeable metals; fraction 2 related to 
metals incorporated in Mn oxides; fraction 3 in organic matter; fraction 4 in amorphous Fe oxides; fraction 
5 in crystalline Fe oxides; fraction 6 in sulfides and fraction 7 in silicate residue. 

This technique was tried in the surrounding of a known Cu-Ni ore in ultrabasic intrusion. Residual 
soil samples were taken in a 35 km area. Results obtained show that Ni and Cu in fraction 1, Ni in fraction 
5 and 6 can be used to delineate the possible trend of blind Ni-Cu intrusions. 

The technique was also tried in Flood Dragon Paw, Gansu Province, where a Pb-Zn ore deposit is 
completely covered by thick Layer of Loess (10-120 m ). No Pb anomaly and only very weak expression of Ag, 
Ho and Zn are shown over the deposit by conventional geochemical sampling of the surfacial loess. But very 
distinct anomalies of Pb and Zn in amorphous Fe oxides can be discovered by applying sequential extraction 
technique. 
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MAPPING OF NATURAL AND MAN-MADE STREAM SEDIMENTS AND DISPERSION HALOES IN THE TAIGA 

TOPOGRAPHY OF EASTERN SIBERIA 
1 1 1 2 2 2 I.s. Lomonosov, A.E. Gapon, A.G. Areentjeva, V.A. Zagoekin, A.I. Zagoskina, V.S. Ze-
likson, 1v .. r·. Lozhkin, 1a.r. Kobeleve. 

1- Institute of Geochemistry, Irkutsk, USSR 

2 - TsNIGRI, Moaoow, USSR 

The complex geochemical mapping of river streams and diapArsion haloes, which in
cludes sampling of solid-liquid run-offs, soils, plants and underground waters, is the 
first stage in the study of diverse processes of man-environment .interaction. Snow 
survey is made in towns and their environs (the centers of pollution) at the end of 
the winter. The density and shape of prospeoting grids is estimated coneiderihg the 
expected parameters of pollution zones and areas, as well as local windrose. The geo
chemical mapping indicated, that the areas affected by man-made activity are rather 
vast. Thie factor permits to use sparse sampling grids ( 1 poini per 10-20 km2 ) ~ Un
der unfavourable climatic conditions of Siberia even the populated areas with poorly 
developed industry are the source of high teohnogenic pressure on the environment. 
The surface waters are easily polluted because of low temperatures and continuous ice 
cover, and their self-purification capacity ia extremely small. 

The following procedure is used for differentiation of natural and man-made ano
malies. Along with sampling from the channel facies of'river alluvium ( ecogeochemical 
survey) the combined samples are collected from the mBterial of~ita flood plain facies 
covered by valley soils (geochemical-prospecting survey). The latter serve as natural 
protection from air and flood pollution. The samples are collected !rom under the 
cliff of t~e flooded (concave) shore through the deepening to 0,3-0,5 m along the 
horizons. To obtain "pure 11 samples from the soils, the sampling depth increases to 
35-40 em, ioe• the upper part of the underlying transitional horizon- VS is sampled 
instead of the illuvial layer, which as a rule lies at the depth of 10-30- em. For 
mapping of man-made pollution the combined f:lamples of their mossy cove-r a1:e collected 
simultaneously (A0 ). Hydrogeochemical sampling is made through the selection of pair
ed samples from various "close" waters, which include all types of undergroWld waters 
and waters ot intraalluvium run-off A.nd from surface river waters. 

The comprehensive approach for solving ecological and prospectidg problems di-· 
minishes the time and expenditure needed for appropriate works. The joint interpre
tation of geochemical maps, compiled using data interpretation of surface (ecologi
cal) and deep-seated (prospecting) sampling, processes by computers increases the 
reliability of information. 

For the first time. the complex estimation of pollution degree of vast areaa 
by geochemical methods, including snow and soil surveys, the analysis of underground 
and surface waters as well as vegetation is made in the Baikal area. The priority 
and auoceaeion of each survey type ie recognized in Siberia. This permitted the geo
chemical mapping to be made with relatively small expenditures and the maps to b~ 
compiled, through diverse methods of data interpretation by the computer. 

Geochemical mapping of stream sediments and dispersion haloes permits to plan 
prospecting works, to recognize ecologically risky zones and areas, which are charac
terized by heightened concentrations of various chemical compounds and metalle. It 
aleo permits to plan rationally constructing of induatrial Objects and reaedential 
areas, considering ecological situation. This promotes helth protection. 
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GIDCHEMICAL CHARACTERISTICS OF RARE-METAL GRANITES FROM 
KALGUTINSKY JMSS IF ( SOUTILEAST ALTAI) ~ 

I ~N . I.lelikova, Institute of Geology and Geophysics, 
Siberian Branch of the Aca demy of Sciences of the u.s .s.n. 

The relationship of the rare-meta l mineralization with granite s is demonstrated not only 
by their space-temporal interrela tion but geochemical data also . The rare-metal granites are 
the concluding stage in geochemical evolution of granitoid magmatism with the accumulation of 
sialic elements , including rare metals.This reeularity is strikinGlY demonstrated during the 
formation of Kalgutinsky granite massif , accompanied by rare-metal mineralization. 

From the biotite porphyric granites of the basic field and the granite-porphyres towards 
the leucocratic granites and microgranite- porphyres the coefficients of leucocrativity ( K

1 
) 

and the peraluminous degree ( Al' ) increase; t he a gpnitic coefficient ( K ) and the sum 
a8P 

of .alkalies are approximately constant. 'fhe Rb/ K- index of differentiation and t he average 
value of rare-metal index permanently increa se ( Tabl e 1) . Clark content in many rare elements 
is several times as l arge (Table 2) . 

· The distribution of REE in the granites of Kalgutinsky massif is asymmetric : LREE predo
minate over HREE , the Eu- minimum increases . The total content of REE regularly decreases in 
the process of differ entia tion, correlating wi th the lower in the content of Th, Hf and P2o

5
• 

The rare element and REE distribution chara cterizes the Kalgutinsky massif as a single 
whole association with the common tendency of development . Obtained geochemical characteristi cs 
may be used for ore-content in the rare-metal granites . 

Table 1. Some petrochemical and geochemical characteristics of the granites . 

NN• ~ Al 
I 

Kagp (K20+Na 2o Rb/K
3

• F(Li+Rb ~ ~ 9 REE , Eu/Sm 
% · 10 

( Pe:+Sr g/t 

1. 1 ,.~ 14 , - 5, 2 2I~' 6-
OII2 

0962- 0, 76 
Ia6 

6, 8-9,2 4, 1!.~ , 3 1~26 
339- 2907 

155 , 3 
(n=2) 

0 ,1 3 

2. ~2 · ! 24 , o- 4, o 
t~ 2 

(-1o}-~ 
0 181 

o, 78-o . 84 
8 0 8 1 2 

2p' 
11 9, 1 0 , 12 

7,~9, 4 5,9- 9 , 3 164 - 391 (n=2) 
Jo ~1. 6 

28 , 5- 59 , 5 26~~ ,_ Oa80 
o , 75- o , 88 

8 1 1 
7,4-8,1 

9 . 3 7166 71 , 9 o , o7 
s , o-11 , 8 877- 23330 (n=2) 

4o 20a0 io 2 OaH 8 a0 12_._.1 t222t 44 , 6 0 , 01 
36,7- 69 , 3 2--~9 o , 69- 0 , 78 7 , 6- B,J 11 , 1- 15, 1 191>-J-9-1>36 (n=2) 

• The rocks : 1- biotite porphyric granites ( n=14) 2- grani te-porphyrs (n=7), 3- leucocratic 
granites (n::16) , 4- microgranite- porphyrs (n=1 1~. In numerator- means values , in denomina
tor - limits of variation, in brackets - number of nnaliees . 

Si+Al+K+Na K1 = Fe+Mg+Ga , atoms; Al ' a Al - (2Ca+!C+Ua) , a t oms ; K = K+Na t aep Al , a oms . 
Table 2. The element's f ormulae of the granit es , by V, D.Koslov (1985) . 

Number of 
NN analises 

1. 22 

2. 10 

3. 20 

4. 13 

Reference: 

Element ' s f ormulae 

B 5.4- W 4 1 2- Li 3,0- Be 2 1 8- F 1 , 6-Sn 1 1 5- Rb 1. 2 -Pb 1 1 4- Zn 1.) 
Ea 0 1 3 

B 51 6-Be 4, 6-F 41 3-W 4, 3- Li 2~-Rb 1 1 I-Mo 1 , 2-Sn 1 1 1-Pb 1 1 1 
Zn o, 6- sr o , 4- o , i 

W 21 0- B 31 8-Be 2 1 9-Mo 21 3-Li ~2-Rb 1,9-F 1 , 3-Sn1 1 2-Pb 1 ,1 
· Zn o,7- Sr o , J- o ,1 

W 9 1 4-B 8 1 D-Li 6 1 7-Be 5. 3- F 3.4- l.lo 2 1 2-Rb 2 1 8-Sn 1,5 
· Pb o , B-Zn 0 1 4-Sr o, J-Ba 0 , 03 

Koslov V. D, /1985/ : Geochemistry and ore- content of granitoids of rare-metal provinces . Moskow, 
"Science", 303 P• 
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Methodology of Geochemical prospecting applied for Pb-Zn ore 
in carbonate medium at Djebel Bou Arif; Batna (Algeria). 

R. MARMI -Department of Geology, Institute of Earth 
Sciences, University of Constantine. 

ABSTRACT: 
This paper deals with the methodology and the results of 

two geochemical methods (lithogeochemistry and 
pedogeochemistry) applied in carbonate environment. Based on 
statistical analyses of the obtained data, .the geochemical 
anomalies and associations were determined. 
The controls of the prospected mineralization were found to be 
mainly litholigical and structural. Consequently, the applied 
methods can be successfully used for the prospection of such 
in deposits in •similar semi-arid zones. 

INTRODUCTION 

Djebel Bou Arif at Batna (East Algeria) 
trendind SW-NE. The location and geological 
represented in Fig. 1. Rocks are mqinly of 
(J.M.Vila, 1980). 

is an anticline 
formations are 
Cretaceous age 

The first purpose of this work is to try to establish the 
methodology of geochemical prospecting for searching 
polymetallic (Pb-Zn) deposits in carbonate medium. 
The second purpose is to study the distribution of elements in 
rocks and soils. 

About 460 soil and rock samples were collected following a 
mesh of 100 x 20m, in an area of about 1Km•. Chemical analyses 
were carried out by Plasma Spectrometry for the determination 
of the elements: As, Ba, co, cu, Fe, La, Mn, Mo, Pb, sb, sr, 
Ti, V, Y and zn. The chemical analyses data of rocks and soils 
were separately worked out (lithogeochemistry and 
pedogeochemistry). 

Lithogeochemistry 

The main objectives of the present work are : 
- determination of the distribution character of chemical 

elements; 
- determination of different geochemical associations; 
- delineation of geochemical anomalies . 

From the correlation of simple geocl1emical profils with 
bedrocks, it is observed that the high grades of As, cu, Fb, 
Sb and zn are particularly related to dolomitic and/or 
siliceous limestones. It is also noted that the relative 
abundance of Fe and Mn are related to dolomites. The E-W 
fracture system is often associated with high Pb and Zn 
contents. The average trace element contents in the limestones 
of Bou Arif are as follow 

As Ba Co CU Fe La Mn Mo Pb Sb Sr Ti V Y Zn 

36 600 19 5 2.2 31 850 13 46 45 220 .01 20 19 64 

(all in p. p.m. except for Fe and Ti wl1ich are expressed in %) 
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Statistical analysis of data 

!.Univariate analysis 

Considering the graphic (histograms) and the mathematical 
(test of Ahrens) analyses, it is found that the distribution 
of most elements is lognormal. It was previously indicated by 
Till, 1974 (In Dejongh, 1985) that the role of the lognormal 
distribution predominates in the statistical distribution of 
trace elements. The analyses undertaken in this study are 
based on the works of Lepeltier, 1969 and Sinclair, 19 76 and 
1986. The probality curves of the principal elements generally 
reveal polymodal distribution ( Fig .2) . The population of 
high values characterizes the dolomitic limestones. However, 
the population of the low va l ues corresponds to sandstones as 
to limestones with intercalations of marls and sandstones away 
from mineralized zones. 
The local geochemical background (b) for some of the analysed 
elements is given in the following table: 

Elements As Ba cu Fe Mn Pb Sb Sr Zn 

b (p.p.m) 59 399 4 .56 553 106 39 63 36 _ . --------------------------------------------------
The threshold concentration (t), was determined using the 

following formula : 
log t = x + 2s 

where, i denotes the arithmetic mean of logarithms of 
concentration o f the element , 

and s denotes the standard deviation of logarithms. 
A multi-elements geochemical map of Pb, Zn, Cu, As and Sb 

is given in Fig .3 . Analysis of this map revealed that : 
- the two lead-zinc and copper mineralizatio11 types are 

whether superposed or separated in space, 
- the anomalous As contents follow the two minerali=ations, 
- the mineralization control is both tectonic and lithologic 

2 Bivariate analysis 

Correlation matrix 

The 
calculated 
1957) 

significance level of the correlati ou coefficient is 
using the following formula ( Dixon and Massey, 

ro = \~;; -;-;;-:-(~=;) 
where T, is the student value and n is the number o f samples. 
The significance level in this case is r o= .152 at · a 
probability level of 99 %, with T = 2.33. The followings are 
the high correlation coefficients obtained from the 
correlation matrix. 

a . cu-sb ( .791 ) , cu-As ( .757) and As-sb ( .8 27) 
b. Pb-Zn ( .741), Pb-Cd ( . 793 ) and Zn- Cd ( . 70 4) 
c. Fe-Mn ( . 726) 

The first principal association (Cu,As and Sb) corresponds t o 
the copper mineralization, represented by the grey copper ore . 
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The second association (Pb,Zn and Cd) corresponds to the lead
zinc mineralization which is fondamentally .represented by 
galena and sphalarite. The third association (Fe and Mn) 
represents the relatively high contents of these elements in 
the ferrodolomites. 
Plots represented by dispersion diagrams, clearly reflect the 
good positive correlations revealed from the correlation 
matrix. 

3.Multivariate analysis (Factorial Analysis) 

Data processing by factorial analysis has been used in 
addition the other statistical analyses. Its application of 
aims to cheek the previously obtained correlations and search 
for new possible ones. 

Principal component analysis of the lithologic data has 
been used in the processing of the •mode R" (concerning the 
element contents), (A.M. Karpoff, 1973). The obtained results 
with orthogonal rotation of the factorial matrix (Varimax 
Method) are given in Fig .4. The factorial analysis has 
confirmed as well the geochemical associations previously 
obtained. 

PEDOGEOCHEMISTRY 

In certain regions 
direct prospection where 
(Wilhelm and al., 1983). 

the pedology 
large areas 

surface penalize the 
are still unexplored 

BY the geochemical prospecting of 
are the following : 

soils, the aims to achieve 

the study of the behaviour of elements such as Pb,Zn and 
cu in soils with carbonate substratum ; 

verification of the previously 
anomalies ; 

obtained geochemical 

- determination of the different geochemical associations . 
From the simple geochemical profils and the ratios of the 

average contents of elements in soils and in bedrocks, an 
enrichment of ·some elements such as As, cu, Fe, Pb, Sb, V and 
zn in soils is observed. This is probably the result of high 
retention of such elements by iron and manganese oxides. It 
should be noted that the measured pH of soils varies from 7.8 
to 8.8 indicating a slightly alkaline medium. 

statistical analysis 

a. Univariate analysis 

The histograms, probability curves and mathematical 
processing confirm that the distribution of the principal · 
elements (Pb,Zn and Cu) approximates the lognormal law with a 
polymodal character. 

From Fig .5 representing the geochemical map of the 
elements: As, cu, Pb, Sb and zn in soils, it is clear that 

- the Pb-Zn mineralization which is often separated from the 
copper one is also ri;lated as well to certain fissures and to 
the dolomitic facies; 

the copper mineralization (Cu, As and Sb) appears clearly 
in soil covering the siliceous facies; 

- the soil geochemical map reveals as well the litho
structural control and the two principal mineralizations (Pb
zn and cu-As-sb). 
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b. Multivariate analysis 

b.1. Simple correlation 

The calculated coefficients of correlation clearly 
reflects the following geochemical associations: Fe, Mn; Ni, 
V, Co; Pb, Zn ,Cd and cu, Sb, As, Ba. The positive high 
correlations are given with their corresponding correlation 
coefficients: Fe-Mn ( .859), co-Ni ( .833), zn-Cd (.926), Zn-Pb 
(.911), Pb-As (.855) and cu-sb (.802). These correlations are 
also verified using dispersion diagrams. 

b.2. Factorial analysis 

The results obtained using this method are tabulated below: 

Soils (73.1% explained variance) 

F1: Co, Ni, Y, V, Ti 
F~: Cu, As, Sb, Ba 

(31.4%) 
(19.3%) 
( 12.2%) 
( 10.2%) 

F .3 : Zn, Pb, Cd 
F4: Fe, Hn 

F1: accessory mineralization 
coprecipitation related to Fe and 

F,: copper mineralization 
minerals) . 

resulting from 
Hn oxides. 
(grey copper 

the process of 

and supergene 

F.: lead-zinc mineralization 
their al~eration products: 

(galena and sphalarite and 
cerussite, srnithsonite, 

hemimorphite ... ) . 
F.: oxides (or hydroxides) of iron and manganese. 

CONCLUSION 

The statistical distribution of elements are fou11d to be 
lognormal with a bimodal or polymodal character. 

Lithogeochemical and pedogeochemical maps showed clear 
anomalies that correspond to indices of mineralization. 

The obtained geochemical associatioils caracterize tl1e two 
principal types of mineralization Zn, Pb and cu, As, Sb. 

Geological and geochemical maps revealed tlw 1 i tho
structural control. 

The technics of this prospection 
used for seerching such ore deposits 
zones. 
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A SUMMARY OF DATA OF THE LITHOCHEMICAL SURVEYS OF 1:200000 SCALE WITH A PURPOSE OF 
METALLOGENIC ANALYSIS AND REGIONAL PRJ~I>ICTlOll 

A.A.Metveev, Moscow State University, USSR 

An effective exploration of vast and poorly areas of the North-Eastern part of 
the USSR ie provided with lithochemical surveys by dispersion trains; sampling of the 
recent stream sediments with an average density of 1 sample per s4G km that corres
ponds to 1:200 000 scale survey. The surveys result in identification of new and ia 
studying of known ore mineralieatioa areas aQd they prepare areas for the first 
priority lithochemical surveys of 1&50 000 scale and more detailed geochemical acti
vity. A complex metallogenic characteristic for specific metals is obtained for the 
territory studied and it estimates a real ore-bearing p~tential as resources of P

3 
category. 

Per the metallogenic analysis and regional prediction a summary of data at en 
area of 120 000 sq. km has been done. With this purpose a calculation of an average 
higher-then-background contents of 11 specific for the territory studied metals by 

240 "elementary cella" has been done. An 11 elementary cell" is meant to be two adjacent 
1:50 000 scale topoeheete'(area of 500 sq. km). The data obtained are used for compi~ 
lation of monoelement maps on specific productivity of.main ore elements (in 
t/m/sq,km) and om geochemical indoces (~) of the first, second and third orders. 
The interpretation has proved previously discovered ore mineralization and revealed 
new promising areas for the first priority detailed geochemical work with the 
quantitative estimate of expected reserves of main metalle. An analysis of geochemi
cal maps has shown that deposits and occurrences of these metals in the area are lo
cated to be peri volcanic zone - to· tbe tranei tional one between the Mesozoids and the 
area of late volcanic activization. This is of great significance for further geologic
exploration works in the North-Eastern of the USSR on the whole. 

The quantitative analysis of obtained data is made by calculating the total sum 
of productivity P1 for each element on all 240 cells and finding the number of magni
tude classes m baaed on relationshipEP1/m = const. For such culculation the produc
tivity of a large deposit dispersion aureole can be find according of the relation 

Plarge = Qlarge/Hlarge• Here Q - the reeerves of a large deposit - is given in tons 
and H - the total vertical longitude of a large deposit in m. The results of such 
calculations have permited to estimate the tatal expected reserves of main metalls 
for tbe studied territory and indicate by the ieoconcentratlon mapa the localisation 

of the largest depoaits6 
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AWLICATIOH OF GtOCHEMISTR'Y 10 CEuTtil:.kHAl EXPl.DHATl~ 
IN T~G GEOTifl~l AtrfAS OF OiiNA 

~tie,, Ml n7i Tong we1 Zhang ,r..re i Zhu Heix1ang 
(Geo l ogy Depa rtment , Pekin~ Uni versity ) 

Te ngchong 1s a f amous volcano -gcotherrr.al an~a 1n Ch1na. It is situated on the western slope of 
Gao l igong mountain in south-we~t par t of Yunnan province, extending from latitude 24 . 38 ' N to 25.51' Nand 
f rom longitude 98. 05 " E to 98. 45 ' E . Geo l og 1cally, it is a vo l cano- geothermal region and belongs to the 
southward ext.ens i on of the H1ma layan conti nent- cont1nental r onvergence type geothermal belt. The numerous 
volcanoes a•d ar.t1 ve hyd rothermal manifestation have attracted geoscientists in the past and at present. 
After 1973 '::; reconnaissance, in l.980s t he invest 1gat ion extended and covered a wide range, i ncluding 
geochemistry n..:thod such as hydrothermal flu1d and i sotope study , trace element and hydrothermal alteration 
study. The sturly object i s e~sentially i n its nat ural state and field work is Limited to s ur face. So our 
study could oe equivalent to predevelopme nt o r preexplorat i on prospec ting phase . 

Based on the chem 1cal data ot 49 gas samples, t1 thermal spr i ng and 5 cold spr i ng water samples, it 
1s c l ear that the gas composition 1s broadl~' s1mi Lar t::l t h<',se from t he most vo lcanogeothermal reg i ons in 
the world, th., type r• HCOJ· ••a 111 t.he IIW)St comnor. sp.c 1e,;, uf tt.ermal waters, onl y some high-temperature 
water s are ot CL-~IC03-Ha o- HC0

1
-C L lia type . EstiMati ng y c hem1cal geothermomaters, five hi gh-temperature 

geotherma l syste .. , t:a•e te.'llptra"t~r~ cf lll:lre than 150-C and o"tners 'ir e of 90-15o ·c . 

On the basis of deuterium and o~ygen-18 a nalyses of 69 thermal s prings and other waters it has been 
confirn.ed tha t a ll geothermal watr_ rs a re originally meteori c. Most of geothermal waters have o.xygen isotope 
shift of Less than 2X. but some h1gh temperature geothermal systems . By deuterium data the flow systems, 
flow paths and t he rl!charge areas of rr.o::;t geothermal. systems have bee n deduced . 

According to 49 h'fdrothermal carbon and 48 hydrothe rma l sulfur samples i t is suggested that some 
mant l e -derived materials might have p robably ari s en to the surface, then mixed with the hydrothermal waters . 
Because of no isotope fractionati on among the s ulf ur - bearing materials with different va lences it could be 
s upposed t he temperature at s hallow depths might be s c high as t o be unbearable for the su lfur bacteria . 

Study on ~ydrothermal a l terat ion has provided t hat such carbonate efflorescences as travertine, 
c a l cite, trona , the rmona trite and such s imple su lfate5 as t hcna rdite and gypsu~ are commonly present around 
the low temperature hydrothermal a reas, but the siliceous s 1nte r a nd salt e ff lorescences , composed of s uch 
complex su l fates as a lunogen and halotrichite , are on l )• pr;!sent in some high temperature hydrothermal areas. 

The Hot Sea geothermotl field is one of the most potential geothermal areas in China. The 
g..ochem1stry study ha!l been concent rated here. The 1nvestiga t ion of soil mer cury, arsenic , antimony and 
b'sr.uth "'as earned ou"t ar<:~wlo th•! field of 51 km<: dnd witn 107 soiL samples. lt has got the idea of 
location the boundaries of Hot Sea r;eothermal fir-ld It 1s founo recently there i s no connection between 
rlot Sea and Lar;gpu Hot Pc-ol geothermc:.l svstems Bur a•senic and antimony isoanomalies have shown some 
connection between t hc H fcssll precurs")rS . he r;dr~chem1 stry concepture model of Hot Sea suggests that 
t he temperature o f pa rent hut water from heat1ng zor. •na1 be no less than 276•c. The temperature of the 
separated wate r f rom '"''J:'C at the d.~pth ove1 .300m ~''" be ::-f about 23o · c . The oxygen and hydrogen stable 
isotope composi t1on of .. t.er'llal water5 and steams. pro'' rj~ a' dter - steam separati on t emperature of 104•c and 
de lta D and d~ L ta 160 ·1alu"s of C:e •;J the rmal fluid. 11 the t 11:Jht o f the delta 0 and de ltal80 values as we l l 
the tritium c:um • .,.,t- -:J' s 1r·1 ':l'•dttr;; , ''> cl:r f eo e ~· ~,,, .. re boH i ng , the m1 x ing-subsurface boiling 
a nd subsurface boiling -miJ.ing processes ourHlJ ~l:.1c c1S.I't fr,.m geothermal reser voi r to surface a nd the 
ai s tr ii.Jution of scnngs with t.1ese cce"~e,. ha< ce!'~ ~-ru re•: he hydrothermal alte rat:i on manifestat i ons 
on t he surfa<..c a l ~o g1ve tr.e Z<Jill~o< or Hot 5e: geuch~·• ecd wn1 ch 1s compatib le w1th that by water 
1sotope mett.od . Tne f1 rst zo ne is 01 a.unll.t+ka,l.lr, .t.• ,..,<J, nlt~+l S m1xed layer mi nerals from inside to 
outs id e respect ive l y. i he second zor.e is of I-S m- "' •.lilt: rn1•1erals<·kaol inite along its outside subzone . 
Furthermore, tho presentat1on of the u rarnum-t::ear ;r, '' ''C I !; 1r l·yd rothermal area p rovides an important 
inspiration t o tt>e ori gi nal t ypes of t he ura111um dP.r:_·,t!\ 
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GEOCHBIISTRY OF THE GOLD-BEARING MAGMATIC SYSTEMS 
ANO I'REOICTION PROBLEMS OF THE GOLO OEPOSITS 

A.G. Mironov, Geological Institute, SB AS USSR, 
Ulan-Ude 

The model of the gold ore deposits related to small intrusions and dykes was developed out on the basis 
of the experimental data and the su1m1ary of the published geochemical materials. A wide range of the 
experimental investigations of the gold behavior in the magmatic systems was carried out with the aid of 
she radioactive tracers method. There were the limits of the gold solubility in silicate melt (n.l0-7 + lO-

mas.%) established. These limits are conditioned by many factors (PH20, Pfl, CMeO and others) depolyme
rizing the melts. 

It was ascertained that gold-quartz-sulphide mineralization has the genetic relationship with the 
dykes and stocks representing the melt-fluid system transporting gold at the moment of the intrusion. The 
implications of the fluid saturation (autometasomatism, accompaning inclusions, eruptive breccias) and 
composition, hybridization (unbalanced mineral associations, relicts of the xenoliths of the country rocks, 
etc.) as well as higher gold content (n.lo-6 - l0-5mas.%) are typical of these dykes and small intrusions. 
The ore-bearing fluid-saturated magmatic system fonms in the front of the magma formation of the granitic 
batholites, where the hybrid magma forms as a result of assimilation of the enclosing series by the granites 
or as a result of a mixture of the acid and basic magmas. 

On the basis of this model the criteria of the gold deposits prediction were developed. The main 
ones among them are the gold ore times to regional hybrid facies of the granitic intrusions, the higher gold 
content in the dykes and small intrusions, the presence of the country rocks with the gold-bearing varieties 
such as ophiolites, black shale with sulphides and ether more. 
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Geochemical Exploration in Heavily Contaminated Areas: The Experience of the Last 20 
Years in South West England 

C.J. lv!oon 
Leicester University, England 

Geochemical exploration in this major mining district has proved problematic as a result of the 
previous several hundred years of mining and smelting. Waste from mined deposits is spread over 
the order of km2 and gives a surface signature several times stronger than an undisturbed deposit. 

The aim of this contribution is to synthesise the academic and commercial work of several tens of 
prospects over the last 20 years: much of the latter information has only recently become available 
in the public domain. 

Classical surface geochemistry. particularly stream sediment sampling, is of little use within Skm 
of significantly mined areas. Soil sampling can delineate vein mineralization but is often ambiguous 
and can only be resolved by deep augering or trenching. As a result many commercial companies 
have made deep sampling their primary exploration approach; it also has the advantage of not 
assuming that the overburden is residual. A detailed example will be discussed from a 40 km2 area 
around the producing Wheal Jane mine. Rock geochemistry has not been widely applied as the 
fissure veins have very limited primary concentration haloes and outcrop is poor; however, 
fractionated and altered granite bodies associated with stock works can be defined using this method. 
The example of a major disseminated tungsten deposit will be used. 

Regional geochemical maps emphasise the mined areas at the expense of more subtle responses from 
other, previously unsuspected, deposit types and mask background lithological signatures. The 
example of recently discovered gold and massive sulphide prospects in South Devon will be 
discussed in detail. 
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A MODELLING APPROACH TO DEVELOP A NEW TECHNIC FOR FINDING A HIDDEN SKARN-TYPE OREBODY 

IN THE CAMBRIAN LIMESTONE BEDS OF THE TAEBAEG BASIN IN SOUTH KOREA 

Kun Joo Moon, Korea Institute of Energy and Resources 

Most of significant ore deposits in south Korea such as the Sangdong W-Mo, the Yeonhwa 

Pb-Zn and the Geode Cu-Fe skarn ore deposits occur at the southern limb of the Hambaeg Syncline 

in the Taebaeg Basin. The mineralizations took place in the interbedded limestone of the 

Myobong Formation and the Pungchon limestone of the Great Limestone Series of the Cambrian age, 

generally striking E-W and dipping 25-30° to the north. 

There are no outcrops of the skarn-type orebody at the northern limb of the syncline. 

In order to find a clue of a possible hidden orebody localized at the limestones in the northern 

limb, a lithogeochemical exploration by using carbon isotope and some elements such as Si, ca, 

Fe and Al at the Sangdong Mine area has been attempted as for a modelling study. 

For this study, 50 samples from the Pungchon limestone which do not show any megascopic 

indication of mineralization hav~ taken in both the mineralized zone and the unmineralized zone 

at the Sangdong mine area. 

Analytical data show that there are big differences in the contents of CaO and Al 2o 3 
between the Pungchon limestone of the mineralized zone and that of the umnineralized zone. 

carbon isotope data exhibit that delta t 13 values of the Pungchon limestone in the mineralized 

zone are lighter than those in the unmineralized zone. The difference in the analytical values 

of cao, A1
2
o

3 
and the carbon isotope between the mineralized and the unmineralized zones is as 

follows 

Unmineralized zone Mineralized zone 

cao 48.6% 40.6% 
Al203 0.6% 2.4% 
Delta cl3 - 0.39 permil - 0.56 permil 
Fe2o3 0.9% 1.6% 

sio2 3.0% 2.5% 

The decrease in the Si content of the Pungchon limestone in the miner~lized zone is contrary 

to the result of the previous study (Moon, 1987). On the basis of identification of the increase 

in the Al content of the limestone in the minerzlized zone, it could be deduced that the 

decrease in the Si content of the Pungchon limestone might be due to the result of increase in 

the alteration products mainly occurred along fracture-systems such as joint cracks or minor 

faults. And that the phenomena shown by the Si and Al contents in the mineralized zone might 

be derived from the extended.mineralizing activity to the overlied limestone on the surface. 

Higher mean values of ca, Fe and Al as well as lower mean values of the delta c
13 

than 

mean values of those in the Pungchon limestone at the northern limb of the Hambaeg Syncline may 

be applicable in exploration for blind orebodies. 

Reference : 

Moon, K.S./1987/t Host-Rock Lithogeochemistry Applicable to Exploration in the Hambaeg Syncline 

{Hambaeg Basin) 1 Korea. Jour. Geochem Exp., 28, 119-132. 
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IHE USE OF ELECTRON PARAI·\1\GNET!St<l Al/0 TRACE ELEf1ENTS CONTENT OF VEIN QUARTZ IN fUNERAL EXPLORATION 

,J.C. van ~·oor-t, Univcr·sity of Tasmania, Australia 

Two and a half thousand microcrystalline vein quartz samples from various types of ore deposits were 
analysed by electron paramagnetic resonance spectroscopy (EPR) and two hundred of these were analysed for 

thirty trace elements each by proton induced x-ray emission (PIXE) and atomic absorption spectroscopy. All 

quartzes were selected on purity, pulverised and treated with acid in order to remove possible carbonate 

and sulphide inclusions. 

The paramagnetism of the quartz is presumably caused by the presence of [Al04r centres in Ge con-
. . I+, f' + .+ d ta 1m ng 1 .a , L 1 compensate quartz. 

The practical outcome of this investigation is that the EPR powder spectra of auriferous and argen

tiferous quartz show in most cases a pronounced electron paramagnetic resonance peak at the spectroscopic 

splitting factor g 2.0025. Barren quartz rarely shows this paramagnetism. This relation was worked out in 

detail for the Devonian Beaconsfield reef in Tasmania; the Devonian shear zones at Fosterville, Victoria; 

the Tertiary gold deposit:, in \·Jaihi and Karangahake in Ner1 Zealand, and Rodalquilar in Spain; and the 
Cambrian gold-bearing volcanogenic massive sulphide deposits in western Tasmania. The intensities of the para

magnetic signal however vary between geological areas. Statistical evaluation of the Beaconsfield and 

Fosterville deposits indicates that the intensity of the EPR signal correlates with the gold content with a 
Spearman ranking correlation coefficient of 0.62, shown in Figure 1. The reason for this fair correlation 

is· presumably that the chemical processes of quartz and gold deposition are related (rapid drop in temp

erature and pressure). 

Figure 1 30 -

Scatter plot of intensity of the paramagnetism 

of Fosterville vein quartz (measured as the Au 

height of the first derivative EPR peak at (ppm) 20 
-

g 2.b025-2.0030) against the Au content of the 

host rock in \-Jhich the vein is located. The 

EPR scale (in em) is a relative scale. Spearman 

ranking correlation coefficient of 0.62. 
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The Ge content of the quartz correlates very well with its paramagnetism and consequently the Ge content 

of the qual'tz can alsu be used as e<n indicator 1·1hether adjacent mineralisation may occur. See Fig. 2 
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fjgure .£ 
Scatter plot of the Ge content of 

Fosterville vein quartz against the 

Au content of the host rocks. Spearman 

ranking correlation coefficient of 0.60. 

Note that the relation is non linear. 
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Ge can only be trapped in the quartz lattice during very rapid growth. Germanium is an element 
typically enriched in late magmatic and hydrothermal fluids. The relation of the Au content of the host 
rock with the Ge content of the quartz is of a secondary nature like the relation with its paramagnetism. 

All auriferous and argentiferous quartz studied contained submicroscopic sericite. This leads to a 
positive correlation of the Au content and the intensity of the EPR signal with the concentration of Al, 
K, Rb, Mg, Na and, to a lesser extent of li. 

REFERENCES 

van Moort, J.C. and Ru~ell, O.W. (1987}: Electron spin resonance of auriferous and barren quartz at 
Beaconsfield, Northern Tasmania. J. Geochem.Exploration~ 27:1-11. 

van .Moort, J.C. and Brathwaite, R.L. (1988): Electron paramagnetic resonance of the epithermal quartz 
from the martha Hill gold~silver deposit, Waihi, New Zealand. Bicentennial Cold 88. Geol.Soc.Australia 

No.23~ Vol.2:E75-5'18. 

van t~oort, J.C. Cchen, D.O. Russell, D~W. and Katsaros, A.(l990}: Relation between chemical composition 
as determined by PIXE and paramagnetism of auriferous quartz. Nualear Instruments Physical Research. 

(in press) 

179 



GEOCHEMICAL ORIENTATION SURVEY FOR TIN AND RARE ELEMENTS 
IN IGLA AND ABU DABBAB AREAS • EASTERN DESERT • EGYPT 

M.A. Morsy 
Geology Department, Faculty of Science, Alexandria University, Egypt 

This geochemical investigation was carried out in two localities, south the Eastern Desert of Egypt, 
which are characterized by Precambrian apograni tes. Fifteen selected samples from both occurrences, 
including stream sediment, sci l rock types, were analyzed for 45 elements using Instrumental Neutron 
Activation Analysis (INAA). 

The two occurrences are characterized by enrichment in granophile and other elements- such asSn, 
W, Ta, Rb, Zr and PEE. Simple use of multiplicative ratios as (Rb3; Ba X Sr X K) gives values for most 
studied samples greater than lXl0-3 which is indicative of specialized granitoids mostly Sn. 
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PROSPECTING AND EVALUATION OF COPPER MINERALIZATION THROUGH 
lliEIR GEOCHEMICAL AUREOLES IN KHASHM El FAKH AREA; SINAI i 

EGYPT. 

M.A.Morsy and A.M.A.El. Makky 

Geology Department, Faculty of Science, Alexandria University, Egypt 

Khashm el Fakh area is Located in the southern Sinai, about 35 km north of Sharm el Sheikh at the 
gulf of Aqaba. The area is composed of graywacke, mudstone and metabasalt within the tarr complex, which 
is the southern portion of the Precambrian Kid group. Three hundreds samples were collected from the studied 
area for the lithochemicat surveys and analyzed spectrographically for Cu, Pb, Zn, Co, Ni, Sa, Sr, V, Sn, 
Be, Ho, Ag, Bi and Mn. The background and thershold values were estimated for these elements. Then the 
quantitative evaluation of the copper mineralization was carried out based on two stages: semidetailed and 
detailed li thochemicaL surveys. In the semi detailed l; thochemi cal survey (scale 1: 50000) using the 
dispersion trains, the estimated geological reserve Of copper was 110454 tons (Cu). While in the detailed 
lithochemical survey (scale 1:10000) using the secondary dispersion aureole, the estimated geological re
serve was 110434 tons (Cu). 
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GEOCHEMICAl PP.OSPECTING OF OEEPl Y CONCEAlED ORE BODIES IN THE CAUCASUS 
ACCOfiDING TO THE SECONDARY SUPERI HFOSED DISPERSION HAlOES 

J .G. Nadareishvili , B.A.Sudov 

Caucas i an Institute of M1ne r a l Resources 
Tbi li s i , USSR 

The practi c .. l axper1ence ga ined in the Caucasus has demonstrated that effecti vity of geochemical 
prospect i ng with regard to the secondary d i spers1on haloes can be signi f i cant ly improved by us i ng the 
secondary superimposed haloes in different forms of occu r rence of the elements (sorbed, water-soluble , 
organometall i c) whi ch are to be explored at a considerable de pth . 

Diffusion of dissolved ore elements in t he Loos e deposite pores, which is due to the capillary 
as cent and tempe rature gradient, is considered as the mos t un i versal mechanism controll ing the formation 

• of the secondary superimposed dispers ion haloes. A detaiLed investigation was carried out into the dynamics 
of element migration and adsorption processes at t he geochemi ca l barriers where the secondary superimposed 
dispersion haloes form . 

Tnus , tnere <.r1ses a possibil1ty to compar e theoretical and practi cal models of t he secondary 
dispersi on hdlo formation,of geochemi cal zoning of d1fferent forms of occur rence of the e lements wh i ch is 
of high i mportance in prospecti ng. 

A comparative ~t~dy of s orbed, water soluble and organometall i c forms of e lements was carr i ed out 
over various o re de~sits of t he Caucasus t hat revealed dif ferent specif i c Landscape geochemi cal features 
of the seconda ry dispers ion ha lo format ion . The results were compar ed wi th trad i t ional Li thochemical survey 
data on t he s econdary dispers ion ha loes, with the bulk spectral ident i f i cat ion of the i ndicator elements . 

of the 
a) 
b) 

c) 

Tne s tud ies i nvol~ed t hree inst ances of formation of t he secondary d ispersion haloes character i st i c 
Caucasi an high lands: 

hi gh and middle mounta in reli e fs wi th deluv1a l sediments of 3-10m t hickness ; 
high and midd le mount ai n re l iefs in the rive r gorges and over l ands l i de areas with alluvial , 
deluvial and other a l lochthonous sed iments of 20- 50 m, occasionall y, of up to 100m thickness ; 
Low mountain and piedmont re liefs with a lluvial a nd, more seldom, deluvial sediments of 10 - 15 m, 
occasionall y, up to 100 - 150 m thi ckness . 

The main processes of t he s econdary d ispersion halo formati on unde r these cond itions consist i n the 
sali ne migrat i on of t he e lement s i n t he li qui d phase with subsequent retention of t he clement s at d i fferent 
geochemi cal bar riers. Mechani ca l mi grat ion i s conf ined wi thin a 3-5 m t hick cove ring . 

The investigation have demonstrated that in the case of loose t hin (up to 3-5 m) sediment layers 
on the mountain slooes, the geochemica l zon ing of different forms of e l eme nt occurrence i n the secondary 
dispersion ha loes is as f ollows (down t he sLope , from the concealed ore bod i es) : sorbed form - water
soluble forms- organomet all i c f orms- bu lk forms. As the t hickness of the loose s edi ments grows, the forms 
of occurre nce (up to the surface from the concealed ore bodies) a re arranged in the fo l lowing order : bulk 
form - sor bed and wa t e r-s oluble forms organometallic form. Geochemi cal zoning of i nd i vidual elements is 
observed wi th i n the ha lo of each f o rm. 

It has been ~hown t hat t he sorbed fo rms of element occurrence c reate t he secondary d i spers ion ha lo 
directly ove r the outcroppi ng of the concealed ore bodies 1nto the erosi on section at the depth of about 
50 m in the Greater Caucas us and 100-150 m in the Lesser Caucazus . 

The water-s oluble fo rms of the element s occu r re nce i n t he secondary dispersion haloes are retained 
at the depth of up to 50 m i n the Greater Caucasus a nd up to 25 m i n the Lesser Caucasus, with the 10-40 
m displacement down t he s lope from the concea l ed o re body outcropping i nto t he e rosion section . (The max i mum 
depth of explo rat ion for thi s form of occurrence has not been es t abli shed). 

The oraganometall i c f orms of the element occu r rence in the secondary di spersi on haloes are detected 
with a 20-60 m displ&cen.ent a•1ay f r om the concea led o r e bod ies , with about 100m t hi c k sed iment bed i n t he 
Greater Caucasus and over 150m t hi cker one i n t he Lesse r Caucasus . (The maximum va lue of the halo has not 
been found ) . 

The s econda t y d i spe rsion ha lo d i spl acement down t he slope , wi th the bul k spectral ident i f i cat ion 
of the elements , is us ua l l y 30-100 m. 

The t heore t ical calcu lation of t he e l eme nt mi gration i n the superimposed secondary d i spersion ha loes 
under the s pecif ic l andscape and geoc hemical cond i t ions of t he Caucasus have proved that the depth of 
explorat1on may reach 200-250 m. 

Thus, the geochemical prospecting of deep ly concea led ore bodies accord i ng to the secondary 
superimposed dispersion ha loes i s an i mpor tant potent ial means to improve the effectivity of predicti on of 
ore deposits . 
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Naumov G. B., Y as nosh N. Y e. 

COHPOS!TION OF ORE-ASSOCIATED HALOES AND ~IECHANISHS OF ITS FOHNING 

Geochemical haloes are widely used in geological practice. However lhc 

successful use of geochemical data depends on our knowledge. of regularities of 

haloes composition and mechanisms of its forming. 

Usually the forming of ore-associated haloes is considered to be t.hc result of 

interaction of hydrothermal solutions, which move in interstice of frn.cturc, with the 

wall-rocks. At the same time ore components are not only deposited in veins but 

also disperse in wall-rocks. That's why ore-associated haloes nrc often called 

haloes of dispersion. For example, if uraniferrous vein is accompanied by the 

albitization halo with the increased content of uranium, then Nn and U n1·e 

supposed to be introduced into the wall-rocks by a solution from ft·acturc. As 

migrations mechanisms of elements into wntl-rod{s filtration nnd diffusion are 

theoretically admitted. In fact diffusion model doesn't always correspond to real 

distribution of permeability and overfalls of pressure. It demnnds considerable 

amount of filtrating solutions [5] and doesn't explain contrary migration of separate 

elements [10]. The diffusion model is restricted by rate of diffusion penetration of 

elements: 

l=.fD*t 

(1- depth of diffusion penetration, D - coefficient of diffusion ,t - time ). 

New data explaining the mechanisms of element migration in haloes have b0cn 

received recently during the research of fluid inclusion in zonP. of orf!-associatcd 

alteration. 

In tectonic zones hosting 

microfaults is observed. Nany 

individual grains of host rocks. 

ore bodies 

of this 

along , .. ·ith mac1·ofnult~ 

microfaults don't break 

gi'Pflt 

the 

amount of 

bounds of 

Jvlicrofaults of such kind usually are filled up by the snme minernl. At t_he 

same moment microinclusion of pore solution are preserved in it.. It's second fluid 

inclusions in minerals. The more of this microfaults the morf' second fluirl 

inclusions [8]. Usually haloes with such inclusions arc seven1l times wider than 

metasomatic and geochemical ore-associated haloes. The intensit.y of ils presents 

increase towards ore veins or axis pcu·ts of vein bunches. 

Another tendency is characterisLic of the conccntrnlion in inrlusions of gns 

components. Its concentration usually dE'crease lowarch:; Lhc axis !J:trls of faults 

zones [Fig.l]. The partial pressure and total fluid prl:'ssure arc Jo·wcr in t.hc• nxinl 

parts than in the far-away parts of halo. It means that the ccni.J':tl pn.rts of the 

zones aren't the feeding but draining strnctttrC's. 

The analysis of another elements in fluid iuclusions gives suppknH~ntar;r dnt.n 

concerning the forming of ore-associated haloes. 

The concentration of Na in albitization zones [ Fig.l] is cotJsidrrnhly kss 

than in surrounding slightly altered rocks, the ('j cotH'0.tlt.t·ation dnt:sn't rhnt1gP.d 

essential.In this case albitization is connected "'·ith migration NaHC'OJ toh'nnls the 
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axis , mu ch more "opened', parts of gC'olog ical s l.nt<: ture !.; , ll r•rr: t.al ; 0. ~; pl:t•·<' l.hP. 

d e gassing of COz, and surplus Na is combined in albite . 

Mass dete rmination of n um bers of vlag ioc lases in S<'C tio n s r 11 1 indi cnlr. d, 

t hat gt·adual de oxidization of plagioc lase s sta rts f:lr· from nlh ili zation zon es. At the 

s ame time Ca is combi ned in sphene, C'pidole nnd carhon~t.C' . S light propy liti znt.ion 

o f roc k turns to albitization. This process inc t·eases ft·om P•~ riph c t·y to t.h0 ccntr<' 

.Its intensity correlates with the numher of mi c roft·acturc s . Th e r·<'fot 'l' forming of · 

those a lbitization zones is connecte d with lhc r e distl'ibution of l'Ocl\-bu ildizrg 

e lements and with the directed migration of No. ft·om C'Xlc z·nal mc lnso mnUL<' zones t o 

lhe internal one s . The whole process is con n ectcd " ' it.lt m ic roft·ac t.ures of t·oc l; s. 

Detailed sampling of ore-associated haloes u s nall y t·e,·P.als ral h l' t' itTr•gu l:r r· 

distribution of ore elements [Fig.2). Along with inc r ease d co nte nts !.he n : one can 

see a group of sample s containing ore c le ments in con s icl(•rahly le ss than 

ba ckground. 

Substantial ine gu lal'ily of dislribut io n is not o nl y 

introduction, but also by redistribution o f ore e lc rn C' nLs . Tlris , , hr-~ttumc• tlfJit is fi x0d 

also outside of overbac kground haloes. Have g ol n spec ia l Wlnt f' o f s llbbnc l\ gr·ollt td 

haloes. Here avez·age contents arc e qual to bac k g round co ntents (\,a ::: Cb). l.Jul 

dispersion of contents is more cons ide rable t han in bac k g J'C'I \lltri onr·. ne fir·it o f <)t'P. 

e le me nts is c harac teristic fot· subbac k g t·o und hn loN;. T llf' sample 11\ tllil >(· t· h· it.ll r: i-: c·t. 

is larger than sample · numbe t· ,,·ith Ci>Cb. As 11 I'I! Sitlt. a\·e t·agP <:Ot tLt' tll. o f t> rf! 

eleme nt is 20-30 %,seldom 40-60%, lower tha n bat' k g ro unc.l conlc n t.s . S 11 c h 7.0 ll(' S hn \·1' 

bee n found out in the deposits of U, Au ,Sn,Pb,Zn,Cu, etc [J ,2,·1,G,7,10] . 

So,the forming of geoc he mi cal haloe s cnn lH' (·ont!C'\'I.C'd no t o nl y ~>'il lt 

dispe rsion ,but also by concentration of c le me nts( c lclll<: trts , t.hat. nr ·0 di s pdle d in 

roc ks) . 

Hechanism o f s ubstance migratio n in tJre p r·oc: C> s sPs of collN· I.i\"f' 

recrystallyzation differs from c lass ic mechani s ms of fill.raLio n :rnd diff11sion. 

Mic r o dislocations play he r·e the c.le l e rmirwl.i vr. r·olP. Any r· ecTys t.nJI~·zaLion is 

connected with micr·oredistributio n o f e leme n t.s . P. l c•Bi r: lll!~ <'(l\ r•r ruic r·odi<> l:1tt t' I'S 

rather quickly , this movements take place ill po r<~ so ll1l io 11 IJ J HH·:rns o f difftt s io n 

and microconvec tion. Suc h "Brownian" mi gratio n in ban·en l.l:cl.o ttk zones leads to 

alteration of e le ments mic rodistribution(Fig .3 ). If mnc rogr·:1die n t.~ of c hemical 

potentials appear, then irregular micromigralio ns gels tre nd. ~lod111at.ion of micr·o

a nd macropowe rs results in integral effect; this e ffect is differe nt. from Lit ~? rr.su lt 

of action of each power separately: 

Z=f( 'I, .A) = F( <f ) + ~( .i\ ) 
We have called such migration Lra ns lo.t.io nal migt·ation[9], i.e. suc h 

migration when transportation of object proceeds a lo ng the ~l';i s o f tn.lnslat.ion. Th e 

model of translational migration gives good e xplanations t.o tire ~~olog i ra l and 

ge oc hemical r e gularitie s of ore- assocint.P.d h rllo<' s c·ontpos il.ioll. rlti ~ r·Pg lll:ll·il.i r·s 

aren't explained by the means of class ic fil tz·alio n and diff1 tsiu t1 ruu d l' ls . 
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Fig.l.Fluid halo of. rare metal albitites Eastern Zabaikal'jP. 

Fig.2. Distribution of Zn in lhe Pocks of Sum.snt·.sl.;oje d(!lJ<l.<=>it: n - hncl.:g1·ound 1 

b - ore-associated halo ( according to S.W. Grig01·yan, 1982). 

Fig.3. Distribution of traces of induced division of U in granite-gneisses 

(Eastern Zabaikal'je) : a - stable block; b - zone of faults. 
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THE DISTRIBUTIOO OF SILVER BETWEEN FLUID AND MELTS AND GENESIS OF VOLCANOGENIC OOLO-SILVER DEPOSITS 

I. Ya.Nekrasov 

The Far East Geological Institute, Vladivostok, USSR 

Many large silver and gold-silver deposits are genetically related to volcanogenic rocks. Thus, it 
was important to determine the solubility of Ag in silicate melts and its distribution coefficients between 
salting fluid and melt. Experiments with Ag solubility in rhyolitic melts were carried out at 1000~C and 
Pfl ~101.3 MPa using the double-capsule technique. The distribution of Ag between fluid and melts was 
stud1ed at the same parameters. At f 0 corresponding to Ni-NiO buffer, Ag solubility was 4.5 ± 0.5 mass% 
in fluid, 6.8 ± 0.2 mass% in andesiti~ melt, and 8 ± 0.4 mass% in basaltic melt. Melts of any composition 
could be silver-bearing, but andesitic-basaltic melts are most favourable for Ag concentration. Thus, it 
is no coincidence that the majority of silver deposits are generally related to these melts. 

During the interaction of supercritical water or very diluted chlorite fluid (0.05 to 0.1 N HCl), 
dist':"i~tion co.efficient of Ag (C = C L ; Crh} was less than 1, ; .e., Ag diffused in melts and the 
cond1t1ons for 1ts concentration were unlavourable. With the increase of salt concentration in fluid {from 
0.5 ~ 1HCl + 1% NaCl to 0.5 N HCl +20% NaCl} its extractional ability increased sharply and Cd changed fr~m 
n.10 to 24. It was accompanied by an extraction of Ag (from 0.1 to 0.8 mass%) and many petrogemc 
constituents, particularly s;o

2
, K20, Na

2
o, MnO, and FeO, from silicate melts. For example, fluid extracted 

as much as 4 mass % Si02 and 1.5 % K20 from rhyolitic melt. As a result, fluids enriched in metals were 
separated from silicate melts during the postmagmatic stage, forming silver and gold-silver quartz-adular 
veins in volcanogenic rocks. 
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CONDITIONS OF FORMATION AND MAJOR PARAMETERS OF BIFFUSIVE-DEPLUCTION 
SECONDARY DISPERSIVE HALOES OF THE SOVIET CARPATHIANS ORE DEPOSITS 

Yu.A.Novikov,Institute of Mineral Reoources ,Ministr y of Geolo~y,USSR 

1. The territory of the Soviet Carpathians belongs mainly to the European family of 
coniferous-broad-leaved landscapes of acid clese of aqueous migration. They form under 
conditions of low-mountain relief,rnid-mount ain relief and somewhat highland.The high wash
ing of soils and large quantity of atmospheric precj_pitetion(800 - 1600mm/y) determine 
very low general mineralization of surface and ground waters(0,03 -0,2g/l). In the field 
of development of the Carpathian flysch g roundwatere of deluvial f ormations - are hydro
carbonaceous-calcic-magneeic and hydrocarbonaceous-chloridic-magnesic groundwatero.Ground 
waters of deluvium in ~egione of development of metamorphic rncks of Upper Proterozoic
Lower Paleozoic are hydrocarbonaceous-chloridic-sulphatic-calcic-magnesic ones( in t he co
mposition of cations also often presents natrium). 

The reaction of groundwate rs is neut ral or(in the field of devel opment of metamor -
phic fo l'matione) weakly acid one. E:xist~nce under conditions of the mount8in relief of 
active wate r-exchange powerful zone caused close genetic connection of ground- and surfa
ce waters and similarity of their chemical composit ion . 

According to intensity of water-exchnn~e (lnd mechanic? l rnit;rlltion 'llmost a ll tlte geo 
::hemical landscapes of the region belong to lf'llldscapes of t he third ~enus(accordin;_; _to 
classification of A. I • . Perel 1 man, 1966) , i. e . are characterized by vigorous nater-oxc!Jange, 
sharp preponderance of elopes over watersheds(lntter are not more than 15% of a territo
ry),by preponderance ot mechanical migration of dissolved ma tter. 

The soils of the region are mainly mountain-wood dar k- broVIn and Ji~ht-brown sour 
eoile. Sharp excess of atmospheric precipitation over evaporation from sotl surface(in 2,5 
- 5 times) causes their ove r-moist ening. 

2. The formation of lithochemical residunl secondary dispersion hal oes of or~ depo
si te in the region is clearly defined by seraul taneous proceed of processes o f mutual 
displacement of particles of deluvium,diffusion,deflnctton,sl o~e dcnu~ution , nnd by acirl 
leaching of soils.Lithochemical streams of or e deposits dispersion are formed,mninly,~
der influence of defluct ion and elope denudation of residual dispersion haloes.Tbe region 
is characterized by high rate of slope denudation : in different part s its annual layer of 
denudation is 0,3 to 0,9mm/y. 

Relation of module of s olid and soluble run-offs is estimated ~s 7 : 1.Thie relation 
characterizes a comparative role of lithochemical(mainly,mechanical) and hydrochemical 
(saline) forme of migration. 

3. In the region modern deluvial and(more seldom) eluvial formations of ore-bearing 
rocks are,mainly, halo-forming medium.Experimental study of secondary dispersion haloes 
of the group of ore objects made it possible to establish dominant character in regions 
ofdiffusional - defluctional secondary dieperoion haloes,which,according to their accessi
bility and manifestation in section of soils and deluvium,are opened to normal intensity, 
relaxed at the surface and closed( maximum impoverished and leached in upper part of a 
section of soils and deluvium). Expansion of diffusive secondary dispersive haloes is li• 
mited by area of development of autonomous eluvial l andsca pes and gentle,medio-elope land
scapes of near-watershed part of slopes. 

4. In structure of diffusive-defluctional secondary dispersion haloes 3 parts,differ 
in morphology and conditions of formation,are singled out: (a) upper,diffueive-defluctio
nal(essentially diffusive one); (b)middle,defluctional and (c) lower,accumulative one. 

The main features of diffusive haloes are: 
- large elongation of haloes down t he elope; 

unlike diffusive haloes , dimeneions of proper defluctional component of halo deci
sively depend on length(exteneion) of a elope,but not on a scale of mineralization, 

187 



that is why dimensions of area of halo are,as a rule,large; 
-the point Cmax(maximum content of l;talo-forming element) of a halo is not always cle 

arly marked; 
-real halo displacement on slopes as to outc;rop of ore body on the surface of the 

bedrock ranges from 50 - 60 to 200 -250m; 

-in plan haloes have mantle·-·like charac.ter, but in section -ribbon-like one; 

-the most extended part of a halo is its 11 train of a halo" 1 within the limite of 

which vertical efficiency o:f a haJ.o is not almost changed; 

- in dafluctional part of the halo content of element-indicators of polymetallic and 

other minerali>~c.tion does not almol'.!t depend on oi.epth of sA.mplinf:• 
5o The main parameters of diffusiva haloes n.nd formulR flf tf1,.jr cclculation nre well

knovmo As regarda parameters of diffusive-defluctJ.onal haloP.s they are quJ.te different 
and are not fully elaborated~The most impor~ant pnrameters of these haloes are vertical 

( ttB) and linear ( f;{t) efficiency of thP. h8.lo.Takint~ into n.c~ount the du3.l chf">rncter of 

diffusive-defluctional hC:!.loes~we Auggest the follrv:ine formulae of their lineBT efficien
cy: 

where M~n.x 

X 

h 

2• M~ax,.. X f 

- maximum value of verticnl efficieney of the seconrhry rli8pP.roion halo; 
- distance of the hRlo sect ion \vi th r.~~~<x fro111 \''ttt.~rBherl in meters; 
- thickness of loose formations in verticnl sec.tion of the .ijln.lo; 

h.
1 

- depth of occurence of the halo from tLe surfr.c"' ,m. 

All above-mentionAd pauses necessity of P.n ·'"'.rl.rl.itionrol ntaGP. 0:1f ·:;F:ochemic~~l recoPn"'i
ssunce -the stage of detr:Jlization of revP.aled r1.iffusiv8-defluct:icm'"t1 l~·tl08Pl;-:hich prece
des trench sinkine; on haloes eAtimP.tion The t''..Sk of" tbi::>. et'ti;'".P is t.Le Rtnrly of tl1e v~rti-

ce.l flection of the halo on a slope v;lth determinnti.on of 'mlue r.I~~·o: and the position 

on a elope section of the halo with !J~::l.X• 

Trench and ditch sinkinJ is performed depBndJ.nG 0n roi:-1t pr'"Hi·"'~l 0n n r.l0r-e 'fdth 

M~ax of the halo and 3 - vo.lue of halo's point S"1::nx d;spl-"'c~::nent •·:ji,l: reG·trd to tt.e r)Ut

crop of the ore body on the surface of bedrockc und8r ,c;Lven l:mi .. :JJ<::_lpP.-t.:;eoclJer:-~i,-;;·,1 cr>n1iti-

OilS., 

Fulfilment of works of present ct-:tge of 1ot:lli7-nt.ion of n:vP·tl~rl ln10P.s f:nd mnploy
ment of their indicated parameters will muke tt p ::wiblP. to inc.l'enf"le 8RsPnt.inlly r~eoloei

cal efficiency nf prospectine(with sernultaneOU8 rcdur:tion in pr•ir:eo) .in the re~ions of de

velopment of diffusive-defluction8l and defluct i ou·t.l f'~'~(.'Jlrl..8.ry di.:lp~rsi on hnloef' of ore 

deposits~ In addition wide empiboyment ( aa nn overt.c1kin; :nethnr1 ) 0f lithochemicnl RUT

vey method on stray fluxes as an ovi-':!.!'tA.kin,~ '"o::-thor1 }J.<i8 1. 1;ren+. importRnoe:in the recion 

under influence of defluction and slope denudntlon of sec:onlinry d.l.f!pe:rs"ion h:iloeo of ore 

objects in proluvial and alluviA.! deposits of ab'lllow channele f0rm 1mninly, npen residual 

stray fluxes of normal intensity. 

The pref:lent recommendations are applicA.ble in search for ore deposits not only wit
hin the limits of the Soviet Carpathians,but also in nnother reeions of the world with 
similar landscape-geochemical conditions of secondary dispersion haloes and stray fluxes 
formation. 
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ON PRI~RV AUREOLES OF DISPERSED HYDROCARBON GASES 

'.'u _ Kh, :>charenko 

Ukra i nign Researcn i",St' tute fo.- Geological Prospecting 
Ministry of Geology of the USSR, L...vov 

As a rule dispersed methane gas aureoLes acccmpany any productive objects during their forming. 
Primary gasospheres near ore and oiL-gas pools are Hl many features sim1 Lar to each otf"ler by mechanism 
and/or forms of fluid accvmu~ation. First of <:he'll are ratt--er seldom, therefore jt ;s Logical to use 
analogous principle by rrod~Ling structura~ fea'.:IJ''es of O'l··gas p~ol aureoLes. 

Our generalized geochemical mvdeL of gas f1ela consists several system elements: 1) anomalous body 
of chlorine-calcium type ><~aters; 2) the outer ;zona!), and 3) the interior aureoles of dispersed gas. 
According to this model, each of deposits 'S separated tram regional geochemical background with two 
envelopes which differ from each other by specific de~sity of gas concentration. 

Compact interior aureole has ~~ymmetn;.:.:tl o>h<:l.~e :Jf 

gradients which are equal to ± 11.6 l/1 for one alt:tude 
completely con-nected with gas pool C'n'l ng to mecnan, sn~ of 
syngenetical to 1~. 

vert1cal concentration (partial 
kiLometer and 0. 596 bar/m. This 

pressure) 
object is 

r.ob1Le equilibrium, and 1S adjustable and 

The outer aureole embraces the wr;ole gas--beanng ;nterval 1n the f1eld. Its verticaL gradients are 
equal to± 11.74 1/1 km or 0.134 bar/m (while for regional ba=kground- C.026 bar/m). The Last aureole 
together with hydrochemical anomaly could be tre<lted by system features as being analogous to pre-ore 
aureole of hydrothermaL leaching. 

Originally both primary gas aureoles <:tr-e suoerpositionaL objects. According to our rnodel, fluids 
accumulate in underground reservoirs in the fa l !.Owing sequence: 1) hyd rochemi caL anomalous body; 2) the 
outer gaseous aureole; 3) gas pool together v.:1tr. l'::c m.rr intenor aureole. Ou1te often an endogenic fluid 
supply into sedimentary cover is broken off on the second stage. Then eco~omical productivity lacks and 
there is only dissolved gas anomaly. 

Ascertained fact is that in natural occurrences then: are t\~o d1fferent prirnary gaseous aureoles 
which coincide in space ard are independent on ~.:.c'l otl:er •n L~e. Suer a theoreticaL conclusion one has 
to account during geolog1cal prospecting for o.-e, o·c ar.d ddS-beanngs 1n order to c~oose mere optimal 
~:,trategy. 
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Geochemical soil and rock surveys in search for tin in the 

Eastern Erzgebirge (GDR) 

PALCHEN, W.; RANK, G.; ZERNKE, B.; HARPKE, 8. 

Areal geochemical soil surveys (250 km 2
, 100 samples per km 2 , 

subsoil horizon) and investigation of rock samples from boreholes 

were carried out in connection with geological and geophysical 

surveysand light exposure works for tin in the eastern Erzgebirge. 

The samples were analysed for Ag, As, 8, Ba, Be, Bi, Co, Cu, F, 

Li, Mn, Mo, Nb, Pb, Sn, Ti, V, W and Zn. 

The areal distribution of tin mineralization is very well reflec

ted by increased tin content in the soil samples. Multiplicative 

and factor score maps of the element association Sn-Bi-Mo-(-W-Be
Li-F-Cu) support and precise this result. Tin-rich multielement 

anomalies were contoured on this basis. The investigation of zo

nality of primary halos in reference objects renders it possible 

to apply coefficients of primary geochemical zonality to the secon

dary geochemical field. The coefficients of zonality base on Cu, 

Pb, Zn and Ag as supraore elements and Bi, Mo and W as subore ele

ments. In the result of these calculations remarkable differences 

between coefficients of some neighbouring anomalies were established. 

With some caution, concerning the comparability of anomalies this 

fact can be interpreted as expression of different erosion levels, 

caused by postmineralization fracturing. Comparing these results 

with other geological and geophysical observations a mosaic of 

relative upthrown and downthrown blocks is constructed, which is 

applied to evaluation of tin mineralization. By means of this re

sults effectively are guided the follow-up geochemical prospecting 

and other exploration activities in this region. 
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GEOLOGICAL EXPWRJ\T!ON HI MOZAMJHQUE 

An tonio M. /1. Pedro - Insli t.uto Nacl onal de (, •oJ oqia, Haputo, ~1oc;ambique 

M. Serrano Pi n to- D<>parta:"'nto <lc Gcocicnrin~. Unlv"r"l d ade de 1\ve l ro , 1\v('Jro, Port uga l 

The firs t geoche mical prospecting surv«y in Mozambiq ue was carri ed out i n 1955 , wit.h n o 

other major deve l opment until 1969. 

Th e seventies saw an increasP in ue.,•:homl cal explorat i o n dc tl v it lPs J n the c ount r y. Abo u t 

1/5 of its area was surveyed from 1970 to 14/~, th• larqPst volw~ of s urveyi ng being of t he re 

connaissance type in areas of occutrence of c-rystal!nro roc-ks usin9 stream sediments as samp l i ng 

medium. Af'art from that, <'orne reqtonnl SliT"''Y" (riv<·• 1.1atcr.:; MO!:~ly fo r u ran i um and st ream sed i 

ments fo r b a se metals) an'd detailed aur~ey,-; l"'ollsl . ..,,• re al!:C> undertaken . 

The Mozarnbiqu!' Geological S•1rvcy ;m<l ,, french tl rm >;ere !'C'spon sih l P for most of t he s u r -

veytng operation<J which W('J"P carried out In roro JUnr lr.,. ~<Jlh n~conna issdnce geologica l 

and gcophisical prospecting. 

mapping 

I n these early s urveys, Co, Cu, Ni, r b ctnd Zn W<'le a lmos t invar i ably the on ly e l e ments 

analysed , irrespective of lithological compos! lion of the surveyed areas cmd of type of o re de 

posits searched to:-. l e~ ten!'tve ~,;,;n >f aLotr.i" ,,bsoq.tlcn ;p•ctromctry prc·Jlded the necessary l a

boratory support for t h"' analysls ot base Ill('! a I , I 11'·~ · ~ tt .. ln 80 ono S·lmplr>s. 

Statistical trt'aLmen t of dilt.a was ~ !l rled !')til {>ll!c.wJnq Lh e couthtOII procedures u sed at th a t 

time, c hiefly •-h·~ Lepe l tier technique, ·u"' <~llowed t.• • ,J,•flnttlon c-f se•eral target areas at the 

recconnaissance Level. This was done on n l•;,!ll 'I of c>lth<'r multi-elernen t 11nsoclatl ve nn omalies o r 

singlc-elernant a nomali e<J (base-m<'tal!\) , that due a v"rlety of r<'M;ons were no t s ubjPct to follow 

u p work in the seventies ) . The r•'SIIIts of tlw ll !ilnium s urveys were dJscouraq ln<;~ . 

Major aeochetni cal explor nt l <'r> proqr1romes were rrHoductPd from l'l78 to 1 984 covering abou t 

30\ of t he area of t h o l''lunt ~y, in sconoe C3»<.!S 111 conjuntio n also with geologi c al mappin g a c tiv i 

ties and geophysical prospectiJ•q 

The p r ogrammes wa r e unde r t11ken by prl•1<1le rin:;L Europ8an firms <Jnd by technica l assista n 

ce (United Nations and Easterr. Eu,·ope«n cm•:•~c iesl in r.onj unc t ion with the Mozamb i que Geoloqic al 

Survey (MGS). 

Th e surveys were conduc ted at. dlll''"''l ,;cn J ~s ( l : 100 000 to 1:1 000) and rock, soil 

and str.cam sedirnen t '"exc the r.to'> t commol y used samrl 1 ng medi,,. It i s es t imated t h a t some 10 0 0 00 

samples have been C"llect ed in t h e course of these ac tl ,·ltles. 

Geochen•ical ., ...... L·!:ls of •• variety of <" tcrnents w<HI ca rried o ut in the MGS lilboratories, m!! 

king (ully use of<,, s ·llOd•rn an<~.tyllcRL Fa<lllt i <:>s , that inc lude ICP - , 11.11- and XRF- and or.s-
£pectrometer'l, con trol <~na l y<;eq 1~\nc: n>:>rm,,lly done abroild. St<1tist! cal datil a nalysis i nmostSUf 

veya wa s done us lng thf' Lf'p..,lti"r t<"chnique but sevetnl multivariate techniques have a l so been 

app lied (e.g . fact o r analysis, p>'ncipal com:-on e n t a nalys is) 

All this has l ead to the ldcntl fi•·iltion of several ano malies. 

1\t present t i me emphasis ls bei!VJ qlv"n to comput.er17.at i on of t h P. geoche mi c al data . Pre 

viously, qeochemical i nformation was av.:1.t lat.le u-.dc~r d l l (e rent, non-standardized forms such maps , 

repports and magnetic tapes. Thls compute r st 'lltdardt?atlo n is a first step of a p r ocess that hop~ 

fully will lead to the compreher>s i ve eval u<~t I c•n l'>f the a•;ailahle data and the sear ch for new t ar

get areas in th~ country . 
One of thP Gbjectives i ~ to prerarr aoochemic-al maps r.nverin<;~ the who l e counlry and the 

Inte r,ational Geochemical Mappin g Prcject prov l·.lrs a cha llenginq opportun 1 ty for t hese st.':ldies 

to be implemented . 
Seve ral types of geochemical maps t llilt nav•~ 1-ecn prodl•ccd ln the c ourse of the s urve ying 

activities in Hozambl que are exhibited. 
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GJ£C01-!Eh:ICAL ZOitATION OF MAIN S'!AJEI:i LA 'iRJt.o::_y BELT PLATFORM EVOLUTION 

V .S.Pevzner, All·-Uoion Geological Institute, l~f:minc;rad, USSR 

Siberian, Russian and Americ~m pl:1tf:nm f0rm the Lavraziy belt of old platf::~rms 

with similo.r development in the Late Proter::~zoic ~tnd rhanerozoic. They are character it.,. 

zed by polycyclisrn, evolution of lit;hoc;enesis. 

Study of geochemical zonation of main stu(~es of lateral and vertical development 

cp11firms GE:ochemical sense of geol::>gical periodicity. Asymmetry of ge::>chemical pr:Jper

ties is coospicuous at the backcround of periodi~ity. Alternati::m of various geochemi

cal types of aGsoc.iati'Jns with transiti::>ns from lithophylic to chalcophylic or from 

lithophylic to lithosideroph,ylic ::~ccurs wii~hin r,e;:,logical cycles. The latter most 

commonly occurs in the Pre-Cam.brio.n or the Ru.so.;i:w pl:1tform. The sequence of associa

tions is similar to the sequence of the tectom::~-sedimentary c?cles. Cyclic types of 

the ge::>chemical ass:1ciations are outlined 'Nhen z:1nation of Pre-Cambrian and Fhanero
Z'Jic ::'ltages of develr.>pment of th~! platforms arc c:Jmp:ued. 

Geochemical zonat:ion is accompanied by alterno.tion :::~f main elements of the asso

ciations. This phenomenon designated by the auth'Jr ;Js a geochemical resonance, may 

serve for proe;nostic~;>.tlon of geochecaical t'roperties 'Jf :,:;eol:Jt;ical objects. Sequence 

in alternation of the associations characterizes geodynamic c::~nditions. Sharp increa

se of main elements of the associations and t;he level of homogeneity c::~ntrol the sta
ges Of tectonic stability. So, we may come to the conclusion about later stabiliz.a

ti:m of the tectonic regime on the Siberian platform. 

The presence of t;eochemic"J.l boundaries ch;~racterizinlj the unstable balance is 

typical of the platf::~rms. Chemical elements (lC'Cu.r m::~re frequent1y at boundaries nod 

their gradient and peculiar r,;e::~chemical mut:J.ti:Jn resulted in complication or c;eoche

mical associati::~ns takes place. 

Ge:Jchemical zonation not invariably o;;r~~es with f::~rmational. It is related to 

the fact that geochemie3.l data retain memo:cy not only nbout events correlative to 

:::he formations under stud,y s but about the pr::.:.cer~ding events and o.bout youn/3' non-sedi

meotogenous rock t:ratJsf::~rmations~ Is ,_--:onnected with r;codynamic chaor.;es the earth's 

crast, resulted i.n the pronounced inilueor.e :-.of endJ:;enic pr:J"cesses LIO shapin:; of 

formationst blocks and platf::~rm mantle. Sl:u:J.,y of tb:; i];<::!:J"chemical zonati::m 3h:Jws that 

in h;;pergeoesis end:Jgenic stimuli :Jf chan;:e of energy and substance appear at ref5U

lar intervals. It was nCJticed that the y::~ung·)r the star~e, the simpliar zonatiJn and 

comp::.:.sition of g~acl,ec.lical z;:,ues. At the c:1rr:·:: t·Jin.:· areals Jf their distributi::~n in

crease~ This ph-znorueo:m p:::tints to the c::~n1m:Jn tondeocy in devel":lpment - the quest 

for homogeoizati":ln~ 
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NEW LOCAL PREDICTION METHODS APPLIED TO ORE DEPOSITS 

UNDER EXFLORATION BASED ON MINERALOGIC-GEOCHEMICAL DATA 

Nikolai P.PISKORSKY, n1IIZARUBEZHGEOLOGIA, USSR 

Questions related to local prediction methods development have gained great significance 

in various countries ae a result of the necessity to meet the requirements in prospected and 

mined deposits reserves. 

Estimation of ore content by geochemical methods is based on the study of zonal structure 

of ore endogenic aureoles. However, complex structure of deposita under study, fracture abundance, 

desoreet character of aureole structure eot.o., require further development and updating of geo

chemical methods. The principal methodological technique applied is a system approach to deposit 

structure study which assumes that any deposit consists of a number of different scale ore for-

mations. Deposit as a whole,its sectors, orebearing zones, are bodies, ore columne,e.t.c. -up 

to individual minerals, are taken into consideration. Mineralogic-geochemical studies of different 

scale ore formations carried out at a number of non-ferrous and precious metals deposita revealed 

certain typical features. ~heir practical appliance secures a reliable mineralization forecast 

within the limits of the above mentioned deposits. These fea~ures are as follows: 

- deposits sectors, ore-bearing zones within their limits, separate ore bodies and ore co

lumns are characterised by zoning of the same quality typej 

- the difference shows in the decrease of zoning ratio variation gradient accordant to ore 

formations along nith their scale increase (from 0,5-1,0 I 100m- for deposita, up to 4,0-5,0-

for individual ore bodies); 

- variation range of different scale formations zoning ratios is characterised by unique 

stability - J-4 orders from upper to lower ore areas. This permits well-grounded perspective 

estimation of deposit deep levels (below the deepest holes) based on diagrams reflecting zoning 

ratio variations recognized donn the dip of different scale ore formations; 

- ore body zones with low ore content are characterised by constant associate elements pre

dominance over host rock. Ore columns located within the ore bodies differ from other sectors by 

associate elements redistribution in veins and adjacent sectors: column upper parts and flanks 

are marked by top concentrations of upper-level elements in veins, and of underlevel elements -

1n near-vein metasomatite; loner sectors are marked by reverse ratio of these chemical elements 

group; 

- as a whole geochemical zoning of the bodies correlates with their mineralogic zoning. 

Element position within the geochemical zoning determines the degree of their concentration and 

dispersion in ore minerals. The dispersion degree of the main component of any ore phase increa

ses with the mooving up and donn off the maximum emission zone o! this ore phase. Above mentioned 

characteristics favour the optimum estimate of potential ore content based on the constant zoning 

study o! admixture elements in minerals. 
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GEOCHEMICAL FIELDS OF MULTILEVEL CONVECTIVE ORE-BEARING SYSTEMS 

V.M.Pitulko 

All-Union scientific research institute, Leningrad, USSR 

Amalgamation of different orders occurrence to a whole ore-deposit system is only possible with such 
geological-genetic models, which are able to describe the development of both the ore-region and separate 
ore-body. These models are realized as a consequence of ordinary processes of Lithosphere's evolution, and 
ore-genesis is a byside result of self organizing differentiation of lithosphere's substance. 

Multi levels convection is an example of such models in the presence of which older structures are 
synchronically or consequently formed to nonuniforms of more local level. Differentiation of lithosphere, 
presence of different movable mediums in these layers, presence of powerful heat stream - all this gives 
good influence to apperance and stationary long-term functioning of convection. 

As a result of convection and thermodiffusion of fluids, ore-deposit objects get reliable features. 
An section the productive systems show ability of polar zonality as situated in vertical diameter zones of 
summary (top) and evacuation (bottom) of all analyzed elements. The base of polar zonality are heatphysical 
features of fluid components, determining his macrocomposition. Therefore anomalous fields of structure 
of different ranges are formed by combination of their elements: for the cells of 20-30 km diameter (ore 
regions and junctions) - it is general ore-forming elements (for example, for acid ores a row of decreasing 
activity is following (Si - AL - Na, K - Fe, Ca, Mg - Ti, P, Mn,Cl), For the cells of 5-10 km (ore-fields) 
the shift of polar zonality to small elements (Ti, Mn, V- are alkali - Se, Ni) is becoming more, for the 
cells of 1-3 km (potential mineral deposits) the elements of ore complex are becoming a base of zonal dis
tribution. 

In a plan all the members of ore-genetic system have closed to concentric type of prime zonality 
or transformed to complex data of physical-geochemical fields. The structures boundaries of each range are 
arc zones of decreased content of peripheral set of elements with the isometric blocks of high element 
content what indicates to next zones. Studied ore-genetic system {gold ore, rare metaL objects, strati for
med polymetallic ore-deposits, kimberlites) have the same structures of geochemical fields: circle outside 
zone (peripheral clusters), Local inside zone {central clusters) and intermediate ring of low data, formed 
along the perimeter of contact of central and peripherral clusters. 

Resume: 
1. There are general features of ore-deposit system unrelated to different age of inclusions, 
geological position of ore-bed, metal associations, which are the result of heat transfer process in 
Lithosphere, and the systems themselves are equal to structures of central type with ordered set of 
ctaughteer elements; 

2. Ore-concentrating structures have mozaic-cell building of physical, geochemical, methasomatic 
fields. There are periodical and polar zonality of central and peripheral clusters indicators in these 
fields. Some of main details of control of ore-bed are in every range structure by their element 
association; 

3. Zonal system of multilevel geochem1cal field is al1ke to geometrical system of self organizing of 
ore-bed structure due to conventive model what may mean the verification of the Last one. 
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GEOCHEMICAL FEATURES OF GRANULAR FHOSFHORITES: 

FROSFEOTINO ASFECTS 

Viotor.I.POKRYSHKIN, VNIIZARUBEZHGEOLOGIA, USSR 

Due to burning problems facing the present-day geochemistry, the knowledge of geochemical 

specialization of the most representative geologo-produetive types of the phosphorite deposits, 

and, above all, the bodies of granular phosphorites, acquires a considerable significance. A 

keen interest in prediction of and prospecting for new economic deposits of granular phosphori

te is explained by the fact that this type of phosphate material composes as a rule large depo

sites o! easy-to-treat ores. Due to special genetic f~atures these phosphates always contain 

varioue and higher-than-background concentrations of U, Rare Earths, Sr, Ba and other admixtu

res either in phosphates components themselves or in matrix. Phosphatic (fluorine-carbonate

apatitic) matter is especially active in sorption with respect to U, Sr and Rare Earths. 

Interpretation of the existing geological and geochemical materials obtained from phospho

rite-bearing sediments in conjuotion with facial and paleogeographic analysis considerably en

hances the effioiancy of assessment of paleogeochemical environment of phosphate deposition in 

sedimentary basins and allows to outline the area moat favourable for !ormation of phosphorites, 

and also litho-stratigraphic horizons with concentrated economic distribution of granular phos

phorite bodies. 

References: 

Balashov V.I.t Turanskaya N.V., Bratiahko (1974): Zoning of fhe Rare Earth element distribution 

in oceana. - Geochemistry, 5, 791-762. 

Fokryshkin V.I., Bolahov V.A., Kharitonova R.S,, Boyko v.s., Berman !.B. (1982): Peculiarites 

of distribution of uranium in The Grained Phosphate Rocke of The Arabian-African phosphate

bearing province and Middle Asia. - 8, 1165-1171. 
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Geochemical anomalous wat ers and metamorphic mineral assemblages In Daba- and Maquarl n areas o f Jordan -
Comparison t o laboratory results 

• •• r o.llmann. Jl. & K houry H. N • 
• ~Minera logic;, ! Insti t ute o f Universi ty Er langen, W.- Germany) 

(Uni versi t y of A mman, Jordan) 

Unusual mineralization In N-jordan was first not iced by K HOURY and NASSIR(I982) In the bit uminous limestones. 

The high pH-Waters result f rom meteor ic water passing through me tamorphosed rocks (KHOURY & NASSIR). By pas

sing through t he rock-com plexes t he waters are mainly enriched In Ca2
+, OH-, SO 

4 
2· , t r ace metals and others. Two 

met amorphoses took place. 

I. A prograde metamorphic miner al assemblage (Sanldlnlte and pyroxene- hornfels facies) 

c harac t er i zed by dec ar bonatlon, recrystalli zation and dehydration. 

2. A ret rograde metamorphic mineral assemblage charact erized by rehydration, recarbonatlon, 

sulfat l zat lon and slll flcatlon. 

The reac tions In t he t wo t ypes of metamorphic processes c an be described by using the model o f o not urol cemcut 

f nctory and t he following hydration process o f the c linker. 

Due t o the unde;standl ng of the sequence o f low-temperature mineral for mation and precipit at ion from the unusual 

snt ured WAters laboratory wor k was done to synt hesi ze different hydration produc t s and compare t he resul ts t o natu

ral occurences. 

The fol lowing 
graphite 
sulfur 

miner als were found In t he different 

pyri te 
opal 
quart z 
cholcedon 
low-c r lstoballte 
maghemlte 
hemat ite 
perowskl te 
magncslolerrlte 
anort hite 
ofwi lllte 

lepldocroc l te gypsum 
magneslochromlte bassanlte 
spinel anhydri te 
magnet ite ettrlnglte 
gibbsite t haumasite 
portlondlte metatuy amunl t 
ca lc i t e veatch l te 
dolom ite hashem l t e 
kut nahor l te hydrocalumlte 
halite fluorapat i te 
bar i t e wllke lte 
chlori te kaolini te 
apophyl llte jennl t e 

rock t ypes (Khoury, 
francol ite 
t itanite 
andradite 
merw lnlte 
montlcelll t e 
spurrit e 
mellll t he 
dlopslde 
hedenbergi te 
wollast oni t e 
tobermorite 
smectite 
p lomblerlte 

N assl r, Pollmann): 

T he hydrates often contain typic ally high contents of t race elements. The calcium sili cate I. 78CaO'SI0
2 

contains 

0.3'1 % Zn (K hour y). Varying fluorine cont ent s occur In the di fferent minerals with apatit e structure and In the 
2- 2-

apophyll l t es. CrO 4 replaces SO 
4 

In the m inera ls. Solid solutions and st ability reactions of different m iner als were 

Investigated In t he laboratory f or comparing purposes. 

T he for mation o f the e t trlngl te can be explained by the following reaction mechanism 

C~(OH) 2 CaSO 4' 2H 20 + A l
2 

[(OH)/Si20 5J + H20 
portlandlte gypsum ~ kaolini te 

3CaO'A I20 :l' 3CaSO 
4

' 32H
2
0 + 6Ca0' 5SI0

2
' 5H

2
0 

etlrlngl t e . . tobermon t e 

Solid solu t ion betweeu ettringit e and thaum asite seems t o occur. 

Reaction mechanism for precipitat ion o f hydrocalumltes with varying composi tion Is due to: 

Ca(OH)2 • Cl + A I(OH)3 Ca4(A12(0H) 12J• [c rnH2of 
- - 2-CI can be replaced by OH and c o

3 
(Pollmann). 

2- 4- 2- -
Isomorphic substitut ion o f t he anions by c o

3 
, SIO 

4 
and CrO 

4 
0 1-1 , C l can take p lace. 

In the phosphat ic sediment s di fferent types o f apat i t es w ith Isomorphic subst i t u t ion are c ryst al liz ing. T he bonding o f 

different t race elements t o t he hydrate-mineral assemblage Is o f grea t Importance, because ot herwise they can act 

as envi ronmental poisons. 

Literature: 
Hauf, P.L. , Ford, E., and Rosenblum, S. (1983): Hashemite, a new mineral f rom Jordan. 
A m. M iner al., 68, 1223- 1225. 
Khoury, H.N. ,Salameh, E. & A bdu l- Jaber, Q.: Charac terist ics o f an unusual highly alkaline water from t he Maquarl n 
area, northern j ordan 
J. of Hydrology 8 1, (1 985), 79- 9 1 
Khoury , H.N. & N assl r , S.: High t emperature minerali zation In t he bi t uminous limestone In Maquarln area - north 
Jordan 
N. j b. M in. Abh. 144, (1 982), 197 -213 
Khoury, H.N., POilmann, H. & Mei ssner, E.: The low tempera ture mineral assemblage of Maquarin and Daba area hi 
j ordan 
Fort schr. Min. 66, £lh. I , 77, ( 1988) 
Nassl r, S.G. & Khoury, H.N. : Geology, M ineralogy and Pet rology o f daba Marble, j ordan 
Dlrasar IX, ( 1982) , 107- 130 
Pollmann, H. : Crystal chemist ry o f compounds formed under the Influence of aggressive compounds t o cement (in 
gerrn au) 
T hesis, Un iversi ty of Erlangen,( 1984) 
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CONTRIBUTIONS OF THE STREAM SEDIMENT GEOCHEMISTRY TO THE FINDING OUT OF THE ENOOGENOUS 
ORE - CONTROLLING ZONALITY AND TO THE INDICATING OF HIDDEN GRANITES 

Rentzsch, J.; Birke, M.; Eichberg, M. 
Central Geological Institute Berlin /G.D.R 

The detection of a hidden ore- controlling zonality in the distribution of mineral or element 
associations and the presentation of the hidden granite surface belong to the most important fundamentals 
of the metallogenic evaluation of mineralizations confined to the roof region of granites. The reflection 
of the zonaltties of the endogenous geochemical field in the secondary dispersion halos and stray fluxes 
is of decisive importance for the geochemical-metallogenic interpretation of the results of the water -
stream sediment- prospection. A classical example for the zonaLity of endogenous veined mineralizations 
in the surrounding of a granite intrusion is the ore zone of the Lower Harz, which is confined to the 
Ramberg lineament striking NNE-SSW. The regional geochemical surface prospection in this area gives new 
knowledge about the distribution of the elements in the secondary dispersion halos of the Late Variscan and 
Post Variscan mineralization cycles and the inner structure of the ore zone of the Lower Harz. The zonality 
of the distribution of special elements and element ratios, e.g. As, As-Hg, Sn-Cu-PbZn, Rb/Sr in the exogene 
geochemical field reflects the zonal arrangement of the high-thermal mineral association including the 
quartz-sulphide-succession over the hidden ftank of the Ramberg granite which shows a gentle dip to SSW. 
It becomes evident, that there is a possibility to predict the depth of hidden intrusive bodies of 
geochemicatly specialized granitoid magmas by help of the As-halo, if the magmas were intruded into 
anchimetamorphic clay schists and the mineralizations in the roof region show a clear structural control. 
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GECX!HEMICAL CHARACTERIZATION OF U-Mo-cu MINERALIZATION 

Uf TJ.E PERMIAN OF THE SLOVENSKE RUDOHORIE MTS., THE' WEST 

CARPATHIANS. 

, 
Igollt' Rojkovi~, Geologic:k;Y ustav SAV, Bratislava, Czechoslovakia 

Ladiatav Novotn;)f, Uranov.Y prieskum, Sp:HiskB. Nova Ves, Czecho

slovakia 

u-Mo-cu /Po,Co,REE/ asso~~atian is characteristic of most 

of' the J:ocaLt:t:.iaa of uranium lllirneral.izaUon in the Permian o:f 

the Slo~enske rudohorie Mts. Mo is typical element of volcanic 

&Dill vo~oelastic rocks. Increased contents ar· P and B and ra-

rely! also of' W, Re, Au, Ag, Se, In and Cd were established in 

s~ 1ocalities. 

Acid volcanites and their volcanoclastics of the Permian 

r..awe increased contents of U and accompanying elements. They 

wer~ rum important source of accumulation of these elements. 

liD of :rley'oli tes am:l their tu:t'fs is bound mostly to their matrix, 

whlile U! of dacites; and andesites is bound mostly to Ti-oxides. 

During tOO Upper Pe:nrlan U a:ru:1 others elements were redistri

bu"ted. and deposited in the wate1• bearing horizwn and due to it 

O:t"e bodies are strat,iform~ Uranium was adsorbed by clay mine

~als, Ti-ctKid&s and' Fa-hydroxides. Tectonic structures formed 

h;y! 1i.he alpine tectono-metamorphic: processes during the Creta-

eeaas caused easy circulation of geothermal waters and uranium 

and' accompanyj_ng elements were remobilized and concentrated. 

Later manifestations of the alpine orogeny and metallogeny 

represented by hydrothermal activity• fo:rmed vein Cu-minerali

zation. Variability of S and C isotopic composition suggests 

also different character and origin of mineralization in the 

region studied. 
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GEOCHEMICAL PROSPECTING .E'OR GOLD A'.r THE DEEP LEVrJ:.S OF DEPOSITS 

N. V. Rosl yakova , Institute of Geology and Gooplcyaic:J, Siberian Br anch, Academy of 
Sciences of the U.S .S.R., Novosibirsk, U.S.S.H. 

The cost of the underground wor kin6:J and dr~ll holes is sharpl y i ncreas ing in 
depth, especially deeper than 500 rn " Because of t he uneven gold distribution a s hare 
of t he ore crossing i s l ess t han 3~~ of thG totol number of the s tripped or e-beari ng 
s tructures . Hence before a pr ospection of the deep l evel s of deposit it i s expedi ent 
to make i ts prel iminary evaluation corrcnponding t o r esults of the c ompl ex ge ochemical 
r es earching of its upper, prospected or ~lready ut i lized, part, and only after that t o 
s earch and estimate the ore bodies at tht; deep level s using the r evealed geochemical 
cr iteria. 

Our investigations (Roslyakova et al.,1968 , 1975, 1981 , 1987; Shcherbakov and Roslya
kova , 1970, 1972, 1983,1~87) and literary data, cnpecially about Kol ar (Raghavan, 1963; 
Rozhkov, 1966; Safonov et al.,1980; and others ) , show that under t he f avourabl e geology
s tructural pos ition of deposi t (a large tllickness of the host r ocks ; t he l engthy ore
control ling and ore- l ocating struct\ll'es t i ll l arge depth; t he extensive hydrot hermali
t es and s o on) t here is t he s uff icient authenti c pos itive as sensruent of t he gol d ore 
deep l engt h according to the 2t~b!l!tz in vertical diapason of the next parameter s : 
1)the gold contents in ore; 2)the increased average cont ents and wide distribution di s 
pers ion ( in comparison wi th the l ocal background) of Au, Ag and other elements, which 
are indicated ones :for this deposit , in the ore fiel d r ocks and especiall y in r ocks 
wit hin deposit ; 3) the higllly contrasting halo el ements zones (firs t of al l f or Au) ne
ar t he ore -bearing str uctures; 4)the mineral compos ition of ores and nearore met asoma -

. t ites1 5)compos ition and quantity rat ios of the trace el ements in mineral s; 6)the gold 
puri ty within the s ame generation; 7)the vari a tion range of the relative concentr ation 
coeffici ents (CC , after Shcherbakov, 1979) of pairs of geochemi call y related element s i n 
hydrothermal metasomati tes, ores and minerals; B)the temperature of t he ore deposi tion, 
especially of its Au-productive stages (e;radient j.s not more than 5"-7° per 100m); and 
ot hers . I f the s t ability of all above mentioned factors t ake place i t is possible t o 
prognosticate the commercial gold mineralizati on t o the depth not less than i ts verti 
cal l ength of the prospected upper part in thi~ deposit. 

Next s t age of the work - geochemical prospecting of the concr ete ore bodi es a t t he 
deposit deep levels - can be carried out according to r esults of t he mineralogical and 
geochemical mapping of the l ower avai lable level of the under&round mining and of the 
deep hole c ore . The differ ences between irregularities in ol ement distr ibuti on near t he 
ore shoot, near i t s nip out and near the barren unpromising vein or i t s part ; ratios of 
the trace elements in minerals ; presence of quartz wi th t he inclusion homogenizat ion 
t emperatures and the ·t hermol uminescence which both are peculiar t o quartz of the produ
c t ive mineralization s t age1 the increased Au contents (up to more than 10 mg· l - 1 ) in 
the i nclusion solut ions; t he increased deviations of t he r are earth e l ements (REE} di s 
tribut i on i n the ore quartz in comparison with that of host rocks may be used in t his 
case. In t he vein quartzes the REE serve as geochemical pathfinder of the vein Au-bea
r ing at a few t ens me t eres'distance from ore shoot along both strike and dip of vein . 
Barr en quartz vei ns are charact erized by the mor e s moot h curve of the REE dis t r i bution 
which differ from that of host r ocks very little. To j udge in what direc tion from this 
s ection to carry out t he pr ospect ing for the ore i t i s pos s i bl e to use the knowledge of 
the halo element s complex in the parts above, under and near the ore. Forecast ing the 
oc curence of displ aced sector s of the ore bodies or else revealing of their lack behi nd 
the tectoni c disl ocation (Kutil1a,1963; Rosl yakov and Zvyagin, 1972) could be done accor
ding to peculiarity of distritJ\1G.i on of ore-forming elements in material of t ectonic 
s tructure. 
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HYIRlGEOOiEMICI.L EXPLORATION FOR METALLIC MINERALS IN BASALT-COVERED REGION 
JILIN PROVINCE, CHINA 

J1ang RU1Jin and Ren T1dnx1ang 

Inst1tute of Geophys1cal & Geochemical Exploration, 
Langfang, Hebei, China 

There Is an area of mere t han 16,000 square kilometer s covered by Cenozoic basalt~ 1n the southern 
purt of Jilin Province , China. Th is area lies 1n the eastern section of the northern margin of the North 
rhina Platform, one of t he we ll-known polymetallic and gold m1neralization belts in China. Over the years 
''numbe r of large-scale strata-bound base-metal and gold deposits have been found in the west'!rn and centra l 
sect1on of the belt and in the adjacent area in Ko rea . Consequentl y, the eastern section of the belt has 
long been conside red a promising potential area for Cu , Pb, and Zn exploration. Unfortunatel y , the major ity 
of this a rea i s covered by basalts with a thickness i n the tens to hundreds of meters . I t Is d iff icu l t o r 
impossibl e to explore t he mineral resources in the underlying bedrock wi t h routine prospecting techniques. 
As a result, there has been little progress in mineral explorat1on for severa l decades In this area . 

Frun ><186 to . 9&S , r1J rochem1cal researt.h ~ms carried out during dry s easons to determine the 
feas·b1l i<.y dn' '- •te::t iveness of hydrogeochemical rr.cthod 1n such casal t-covered areas. The annua l 
preci pit11t1on 1n t he area is from 800 to 1 , 400 rrm, and there are enough sampling points such as 
spri~s.wells a~ oe~ennial streams for a hydrogeochem1cal survey. The ~any we ll -deve loped vert i ca l and 
horizontal ~ecton1c Joints in the basalt connect w1th the underlying bedrock, which makes it easy for 
groundwater to c; r::•~late. r~ne:l the groundwater reaches the surface, it often reveals geochem1cal 1 nformat ion 
about the undertying bedrcck. Therefore , we have tr1ed to use hydrogeochemical method for the exploration 
of m1ner~ls 1n t~i . a-ea Our research has focused on 
1) hydroseoc.;•,,cal arr...maty patterns of the known Cu , Pb, and Zn deposits 1n the area under 

lnvf'stiga"<.1C">n; 
<l the miqrating charact:eristics of major ore form1ng and associated elements 1n surface and ground 

waters; 
3) seasona~ variati on i n the ore- re lated hyd rogeochemica l anomalies; 
4) t he chemical composit ion of the groundwater In t he basalts and its influe.1ce on hydrogeochem1cal 

exploration. 
!hr. hydrogeoche-m1cal investigil tions of known o re deposits were carried out in the Huanggoushan Pb-Zn 
dcposlt a nd Liudaogou Cu-Mo depos it occurring 1n ba:>alt-cove red Proterozoic metasedi mentary rocks. A 
hydrogeoc;h~mical ot"ientat1on s urvey was conducted in three testing sites w1t:h a total area of about 700 
square kilometer!>. The results of the Investigations show t.,at . 1) In t:he Pb-Zn mineral i zation area the 
~aracterist1c 1ndicators in the su rf ace and ground waters are Zn, Pb and so42_, as well as Ag, As Sb and 

~~~. while 1n the Cu-Mo mineral1zat 1on area they are Ho, Cu, and so42 _, as well as Zn, Ag and Pb. 2) Ground 
And ~urfAce w~t~r:; 1n the basal t covered area are rich 1n Cu, Ni, Fe, Mn, Ti, Cr , and Zn, which often 
obscures the ore-related hydrogeochemica l anomal les in this area; by using the Cu/Ni and Zn/Ni element 
ratios the effect, · the basalts can be eliminated and the ore-related anomalies clanf1ed. 3) By analyzing 
spri~ sediments ~1th a selective d1ssolut1on procedure, the m1gration act1v1ty of tne maJor 1nd1ca tor 
~lements 1n the g.cunjwr.cer of the Cu-~~ m1neral1zat1on area was oeter~ined to be MD>Zn>Ag Cu>Pb>N1. The 
orientation survey carried cut in the Changbai testing area delineated a multi element h> drogeochemical 
anomaly of I, Cl, Pb, As and Zn/Ni correlated w1th the regional metallogenic structure. Both the follow
up for anomaly ..:crd:.~cted in the hydrogeochem1cally anomalous .~, ea and subsequent dn ll i ng showed that the 
hydrogeochem1c<ol .anomaly is primanly caused by thL wldc.y-de,cloped pyritizat10n In the Pleozoic 
sedimentary rocks (be l i~v~d to be a mineral-bcar1ng stratuT.) under Cenozoic basalt ilnd sed imentary l ayers. 
F•Jrther prospect i ng i s still going on in this area. 

lt c.,n be; concluded that , in spite of t he complicatf!d geo'.ogical and geochemical conditions and the 
re l ati ve low background concentrations of indi ca t o r s in t he waters of the area studied, relati ve to those 
of othe r geochemical landscapes, hydrogeochemical s urveying can serve as an effective regional prospect ing 
method in basalt-cove,·ed areas , especially near their margins . 
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GEOELECTROCHEMICAL METHODS OF PROSPECTING 
FOR ORE DEPOSITS 

Yu. S. Ryss, I. S. Goldberg, N. A. Voroshilov 
NPO "Rudgeofizika", Leningrad, USSR 

1. The necessity of solving geological problems associated with prospecting results in applications 
of new methods. In the last decade new technical means and methods of prospecting and valuating of mineral 
deposits based on the peculiarities of behavior, transformation and distribution in ore bodies and host 
rocks of various forms of occurrence of elements termed geolectrochemical have been developed. 

2. The first group of methods based on the extraction (at electrical excitation including) and 
analysis of elements being in easy moving forms of occurrence, within which they are able to migrate for 
large distances, permits to reveal and to trace deep seated and overlapped ore objects. This type of methods 
includes: methods of prospecting according to metalloorganic compounds (MPF), the thermomagnetic geochem
ical method (THGM), the method of diffuse extraction of metals under the action of electrical current 
(CHIM). 

3. The methods mentioned may be used in all the stages of geologicoprospecting works, beginning with 
regional geologico~geophysical investigations of vast poorly studied terrains. It is advisable to use MPF 
and THGM as more efficient methods in the early stages of geological survey works an a 1:50,000 scale 
together with common prospecting. The CHIM methods as a more tiresome but more informative method is to 
be used in the stages of prospecting and prospecting~evaluating works (1:10,000 - 1:50,000). The 
application of these methods is more efficient during prospecting for deposits in closed regions with the 
thickness of overlapping deposits up to 200m and at the depth of ore bedding up to 800 m. 

4. For estimating the depth of ore object bedding and the extension of mineralization there were 
developed the methods based on geoelectrachemical transformation of sulphide minerals under the action of 
electrical current: non-contact method of polarization curves {BSPK) and contact method of polarization 
curves {KSPK). BSPK allows to detenmine from the surface at the thickness of loose deposits about 100- 150 
m from borehole drilling the composition of ore zones and to characterize their dimensions and probable 
reserves of metals within upper boundaries. KSPK is realized in several versions in various stages of works 
(from prospecting-evaluating to exploration}. It permits to characterize the composition and dimensions of 
ore objects, element of their bedding and reserves. 

5. The application of the complex of geoelectrochemical methods allows to accelerate the studying 
of territories and to increase geological and economical efficiency of geological survey and detailed 
prospecting and prospecting-evaluating works. The experiment shows the acceleration of prospecting works more 
than twice while reducing the bulk of drilling in separate areas with the use of new methods by 40-50%. 
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GEOLOGICAL AND GEOCHEMICAL MODELS OF ORE FIELDS AS A BASIS FOR SOLUTION OF PROBLEMS 
IN FORECASTING AND PROSPECTING (ON THE EXAMPLE OF KAZAKHSTAN) 

V.V4Shatov, E.V.Plushchev, All-Union Geological Institute, Leningrad, USSR 

Images registered cartographically Cor by any other means), reflecting the histo-
ry of originating of specialized geochemical resources in corresponding blocks of the 
earth's crust and describing the hypothesis of hydrothermal mineralization formation 
due to realization of these resources by hydrothermal systems serve as geological 
and geochemical models of ore fields. Specialized geochemical resources are estima-
ted for associations of trace elements occurring in rewarred rocks in regions of hy
drothermal system feeding in superclark concentrations and in forms extracted by hy
drothermal solutions. Results of petrographical-geochemical investigations in 1:50,000 sc 
scale carried out within type ore regions and fields of the Kazakhstan folded area 
CZn-Pb-Cu, Au, Cu-Mo, Mo-W, Ba) formed the basis for geological and geochemical mo-
dels of the ore fields. Creation of rather regular network of base stations within 
investigated ore fields, where samples were collected from the most characteristic 
rockes and rocks altered, to a variable degree, samples for petrographical thin sec
tions and lumps of geochemical samples 200-500 g in weight was the methodocal basis 
of performed research. The networ~ of base srations was on 1;50,000 scale with 
sampling interval bridging up to 250x100 m in l~calities of hydrothermal-metasomatic 
alteration (ID.!A). 

This work resulted in compilation of sets of petrographical and geochemical maps 
on 1:50,000 scale ~or most of these ore fields consisting of (a) the map of the 
background geochemical specialization, (b) the map of regional metasomatic zonation, 
(c) the map of anomalous geochemical field and (d) prognostic geochemical map. 

Construction of geological and geoc~emical models of the ore fields was based 
on these data. The procedure of particular model construction included (1) estima
tion and cartographic representation of specialized geochemical resources of rock 
blocks constructing the ore field on sum of indicator trace elements; (2) formatio
nal analysis and "subdivision" of regional metasomatic zonation into constituents -
regional metasomatic formations; (3) construction of volumetric models of ore -
forming hydrothermal systems representing reconstructions of geological bodies, 
accupied by separate segional metasomatic zonations; (4) revealing of geochemical 
effect, caused by manifestations of certain regional metasomatic farmations; 
5) quantitative estimation of scales of metal transport in conjugated HMA zones 
of hydrothermal systems. 

Large-scale (1:50,000) prognostic zonation on petrographical and geochemical 
basis was carried out and number of areas was distinquished in the rank of potential 
ore fields and formational affinity of supposed mineralization was determined for 
them .. 
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PRODUCT8 GF UEAh HEGEDHtKti'rA'l'lOJ; AS Ali :U .. ITOH.l'AUT INFORUATIOll SOURSE 

FOR MAP.PD;:; ·:;>nr; WEA THERIJIG GRW.3'rS 

Boris L. Shr:herbov, lnstit'lte of ITF>olnr;~r anrt Geophysics, USSR 

When studying the kaolin ''1ea.thertnc: crwJ"'.:s of Harth Y.azakhstan end South ;aberia the

se hsve been shown to be overlapped ry prortucts of nenr resedimentation in the absolute 

mjority of cases. They are formed :i.n the envirorunent of deluvial-proluvial, alluvial-la

ke and lake-marsh facies under the same cli~~tic conditions and close iG time as the we

athering crusts. 'l'he product~ of near reocdiment9.tion have feature of both sedimentary 
and eluvial rocks~ That is why mHii7 :i.i:l\''•!:Ji.il':r-ltors consider them to be intermediates bet

ween the weatherinG c:rvsts and sediments.'~'h!:H~, however, could be referred to neither of 

themG 
.One of the main p•:oces3e:'l o1he.1 .~.'·:,r::,i.li' the near reseriimentation produt"?.tS is the mix

ing of the weatherine crust materifll formed on the substrate of various composition,with 

no essential p;rA.dinE;c For exa;~ple. an admixtu!'~ of some mineral components of r;cist elu
vi.wn (muscovite, tourmaline) !:..<1.8 been 8tn ted l-:· various methods in the reoedimentation 

products occt~ed on the we~thering crust of 0ne of the r,ranite massifs of the Kokchetav 

blok (North KA.zakhstan). Acco:>"diur-; to the mqppinc dnta, the sampled section is 1,5-2 km 
apart from the contact of granites with a vast field of metamorphic rocks~ In another 

section of the r:arne rec;ioTl the enn:.(:nt of Ti02 in the rosedimented matter of the eranite 
weathering crust is the ten times as muCh B.3 ir~ eluviwno Undoubtedly, there are rock3 of 
the hie-her titanium minerA.l1.sat1on occured :::omev:hat nearl:v. 'l'here are si1rllar p.'lttern in 

the other reeions ( Shcherbov et aL. 1985). Th8 admixture of other wen ther-proof minerals 
(ophene, zircon etc.) to the eluvi..nm of nr:y pnrticular profile can Le eaoily admitted., 

Their presence can be a reason for investig'3.tine; the area more thorouc,hly and prospectine; 

on: purpose. The examples f~iven evidence thnt the near resedimentation products carry more 
inform..:J.tion rtbout the 'teathering cru,:1t t'lf nny nitA. ~a r.:et n picture of the weatherine 

crust f:ro:':l nedimentar"J rocl<::J 9 thv t:n.::lpU.J;,--.; ;:;f all their vn.rietes ir: necessary. In fact, 

sands and sandstones will provide information about residual mineralG of the pd.rory ro

clcs, and sll .. "llel'l will ir:fvrm abL)Ut hyperc,enic ones,The near resedimentation products ch9.

r.1.cterise mainly not o:nly the elu·ri·I.U:l of 10>¥ given nite but also that formed somewhat nea

rly~ This prop1Jrty i2 e3pechtll~; v::d_uqble in the ree:;ions where initial rocks are of he

terogeneous componi tion in lateral.. 
In the field ::wmetime:o, the n8ar rc:::edir:1entation product3 are hardlj" di~criminated 

from subjacent eluvium .. Simpl la.horatory inventir;':ltions can provide a .:Jafe basis to dis

tinguish clearly hetwerm these cot;nflte form."ltions~ ·rhese investie:'l.tions involv the stu

dy of vertical Sl)ction R.s to a chnnr;e of d<J~::J"ity, pH v11lue of rock 8USpem::ions, cro.nulo

metric qnd mineral compoc:i tion. It woulrl 't'e very U3eful to stu1:r the rare-0lement rlis

tribution .9Jld structurRl pecularities of c.lt1:: Elinerrtl3. All these tec!L~iques h.o:,_ve been 

discrii:Jerl somewhere (Shcherbov, 1987). Jn Most cases, ho.,.:ever, to oolve the problem it 

is sufficient to fulfil b7o iur::-tc:~~ (•pera':;ion!1 whic:c nre not tine- and rtoney-consuming 

and available to any both resea~ch ::-.::r~ i1:du3tri.t.1l geological rmi t. 
'l'he fnct of the near resedi::ten~ation prcrluctn being more informative then initial 

weathering crust wa:J in eenere.l Le;:."•JrA the the di,scusnion of t!le scientific literature. 

This feature, howevl:'.'rt r:iD.ken them e.-Jpeciall;y valuable when earring out pro.ctical r;eo

logical :mrveys on the weathering cru::;too A thorou .. ~h ntudy of the near reserUmento.tion 

produc~s can provide !'!. basis for search minerlll associ."l.ted with both weatherinG crusts 

and initial cry::Jtnlline reel::.::. 

Refercnr.es: 
lll.ep6oB E.Jl •• Co.TICTl.!lUI3 3.1I.. CyxoryiWE <:9.B. hop B npo.nyKTax 6~1llL'!tHero rrepeoTJI01!t8IDIR YB

OJUIHOEHX IWp RUEG·. ; 1!lK~IW.1.-= HOBOCU(iapc:K, 1985, 13'3 C. 

ll{ep6os E.JI. K n3ytiemuo rrpo.n.yKTOE 6J.LUr.JI•~ro n~-~::ooVIOJKSHM v.aom!HOBh!X KO_p BHB9Tpimamur.

HoBocn6upcK, I987, 31 c. 
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GEOCHllMISTRY OF RARE AND TRACE Elll!!ENTS IN THll SJ::DIMEHTARY MANTlll OF YOUNG PLATFORMS 

G.M.Shor, All Union GeGlogical Institute, Leningrad, USSR 

Geochemical background of rare and trace elements in geological formations of 
the sedimentary mantle in young platforms was formed during lithogenesis, which to~k 
place in various paleogeographic and climatic conditions. 

Lateral geochemical zoning of back-ground contents of rare and trace elements 
is subordinated to lithological-faciest lithological-geochemical and facies-paleo
geographical zonings. 

Vertical zoning of background contents is related to manifestations of epochs 
of accumulation of rare and trace element and derivation of geochemically specialized 
formations. 

A series of marine biogenic rocks, enriched with sapropel and containing rare 
and trace elements is an example of formations with specialized organic matter of oil 
origin 9 Wide spectrum and high background of selenium, rhenium, tellurium, molybdeni
um, tungsten, and other elements is caused by similar conditions of formation and in
significant influence of lithogenesis specifics in space and time. Predominating po
sition of some elements in natural associations is caused by forms of their ties with 
consentrators. 

Geochemically specialized formations serve as a source of ore substance in ground
infiltration, stratal-infiltration and, probably, hydrothermal ore mineralization. 

In marginal parts of young platforms (in a conjugation region with postplatfDrm 
orogens) in the arid climate, supply of rare and trace elements into permeable rocks 
of the sedimantery amntle from adjacent m~untain-folded structures and evacuation of 
elements from water-bearing rocks and their accumulation on reduction and sorptive 
geochemical barriers, are c:mnected with activity of oxygenated gr~und, stratal and 
fracture waters of infiltragebous origin. 

Infiltration activity of undergr~upg water is resp~nsible for siGnificant chan
ges in background contents of rare and trace elements in permeable rocks and pr:>vi~· 

des formation of regional geochemical zones of their evacuati~n, supply and accumula
tion on the barriers. 

Redistribution of rare and trace elements in central parts of young platforms, 
connected with activity of hydrocarbon, sedimentogenous and ancient infiltragcnous 
waters and with migration of carbon dioxide {extiltration processes) takes place in 
channels of hydraulic connection of water-bearing horisons, on water/oil and gas/ 
water contacts. Exfiltration processes are manifestated in l8cal regi8DS and have no 
influence to regional geochemical background of rare and trace elements. 
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GEOCHEMICAL MOBILITIES OF NA, CA, SR, BA, PB, REE, P AND AS in 

LATERITIC SOILS 

Roland G. Schwab, Hardy Herold, Christian GHtz 

University of Erlangen-Nlirnberg, Germany 

and Nilson P. de Oliveira, 

Universidade Federal do Para, Belem, Brasil 

According to the classical theory the geochemical ~obili ties of 

elements in the weathering zone are a direct function of their 

solubility in water· and this is governed by their ionic 

potentials. Therefore under lateritic conditions with generally 

much water present, Na+ , Ca2 + , Sr2 + , Ba2 + , Pb2 + , P04 3- and As04 3-

are considered as very mobile ions, wheras the Rare Earth Elements 

(REEs) are considered as a more or less immobile group. 

Consequently laterites are generally thought to be leached out 

with respect to Na, Ca, Sr, Ba, Pb, P and As, and relatively rich 

in REEs, espeCially in cerium. 

This opinion is only valid, however, if the different ions do not 

occur in a coupled form; that means two ions like Sr2 + or As04 3-

can be considered as mobile separately, but if they occur together 

in a lateritic weathering zone arsenogoyazite (SrAlJ 

(As04 )z(OH)o·H) will form under complete immobilization of both of 

them. 

The same holds for P04 3 - which can immobilize these ions in form 

of either (arseno)-crandallites (MA1J[P,As)04 ]z(OH)o·H) or wardite 

(NaAlJ (P04 )2 (OH)4 · 2Hz0). 

Therefore Na, Ca, Sr, Ba and Pb are only mobile in laterites if 

P043- and As043- are not present and especially in case of As04 3 -

extreme traces are sufficient for their immollilization. The same 

holds for the REE-group, which forms extremely stable REE

(arseno)-crand,.llites (REEAlJ [ (P,As)O• ]2 (OH)o) and may be enriched 

in presence of P043- or As043- up to lateritic REE-deposits. 

Reference: 
Schwab, R.G., Herold, H., da Costa, L.M. and de Oliveira, N.P. 
/1989/: The Formation of Aluminous Phosphates Through Lateritic 
Weathering of rocks. -Weathering Vol. II, Products, Deposites, 
Geotechnics 1 Theophrastus Puplications S.A., Zographou, Athens, 
Greece, 369-386. 
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AN APPLICATION OF CYANIDATION TO GOLD EXPLORATION IN 
GLACIATED TERRAIN, BRITISH COLUMBIA, CANADA 

by S. Sibbick and W.K. Fletcher, 
DeJ?artment of Geological Sciences 
Uruversity of British Columbia 
Vancouver, B.C., Canada 

The Nickel Plate Mine, a 2900 tonne-per-day open pit operation in the 
southern interior of British Columbia, is a gold producing skarn genetically related 
to intrusion of Jurassic diorites into limy sediments of the Upper Triassic Nicola 
Group. Gold occurs as blebs, generally smaller than 25 microns in diameter, and is 
associated with arsenopyrite in tabular bodies of garnet-pyroxene skarn. 

Physiographically, the mine site is in the subalpine zone close to the southern 
limit of the Thompson Plateau - a moderately rolling upland that represents the late 
Tertiary erosion surface in this part of British Columbia. During the last glaciation 
the Cordilleran ice sheet, moving regionally across the plateau in a south and 
southeasterly direction, deposited a stony basal till that now varies from less than 
one to several meters in thickness. The climate is relatively arid and the soils are 
principally eutric brunisols and orthic gray luvisols: C horizons are commonly 
cemented by calcium carbonate. 

Geochemical studies involved collection of soil horizons from profiles 
sampled along traverses downice from the deposit and roughly perpendicular to the 
direction of ice movement. Gold was determined in the minus 212 micron fraction 
by fire assay-atomic absorption. Results indicated a zone of enhanced gold values 
extending approximately 1 km downice of the supposed source. However, gold 
concentrations were extremely erratic. To evaluate this problem, distribution of gold 
between different size and density fractions was studied in samples from six pits, 
representing anomalous, intermediate and background gold populations. These 
studies established that: (i) approximately eighty percent of the gold is in the minus 
53 micron fraction, and (ii) the erratic results were a consequence of the nugget 
dfect, introduced by the presence of rare particles of coarse gold. 

On the basis of the foregoing, it was decided to evaluate the possibility of 
using cyanidation as an alternative to fire assay for the extraction of fine gold from 
the minus 53 micron fraction. Minus 53 micron material, prepared by wet sieving 
soils from the six detailed study pits, was disaggregated and split into two, 30 g 
portions for determination of gold. One split was analysed for gold by conventional 
fire assay-atomic absorption (F A-AAS), the other using cyanide extraction-solvent 
extraction-atomic absorption based on Fletcher and Horsky (1987). Gold content of 
the residue from the cyanidation was also determined by F A-AAS. 
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Results from the cyanide leach give gold values ranging from < 15 to 510 ppb 
versus 30 to 595 ppb total gold by fire assay. The residues contained from 5 to 145 
ppb of gold that could not be extracted by cyanidation. On average approximately 
seventy percent of the total gold content was cyanide extractable. However, this 
value was as low as twenty percent in some A horizon soils but was usually close to 
eighty percent in B and C horizon samples. With regard to anomaly recognition and 
contrast, based on averages of proximal and distal samples, cyanidation gives a local 
anomaly: background contrast of 5.2 that is reasonably comparable to the value of 
6.1 obtained with total F A-AAS. 

Results suggest that the bulk of the gold is present in soils and till as particles 
of free gold finer than 53 microns. This is in good agreement with trends for 
liberation of gold in the sand-sized heavy mineral fractions (Sibbick, in preparation) 
and presumably reflects both the fine grain size of the gold in the orebodies and its 
release from the matrix by glacial comminution and weathering. Low recoveries of 
gold by cyanidation from some A horizon soils probably result from reduction of 
dissolved gold by organic matter as is used in the carbon-in-pulp process for 
metallurgical recovery of gold from cyanide solution. 

In conclusion, cyanidation of soil and tills can be used to delineate gold 
dispersion trains extending dovmice from the Nickel Plate Mine. Compared to fire 
assay, use of cyanidation offers the potential advantage of allowing very large 
samples to be analyzed, thereby minimizing the nugget effect caused by presence of 
rare grains of coarse gold. 

References: 

Fletcher, W.K. and Horsky. S./1988/: Determination of gold by cyanidation and 
graphite furnace atomic absorption spectroscopy. Jour. Geochem. Explor. 30: 29-34. 

Sibbick, S. (In preparation) Dispersion of gold in soils and tills in the vicinity of gold 
mineralization, Nickel Plate Mine, southwest British Columbia. 
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THERMOLUMINESCENCE DOSIMETRY <TLDl RAD!OMETR!CS IN OIL EXPLORATION, TAKLA AREA, 
TARIM BASIN, WESTERN CHINA 

Frederic R. Siegel, George Washington University, Washington, D.C., USA; Xuejing 
Xie, Institute for Geophysical and Geochemical Exploration, Hebei, China; J. 
Eduardo Vaz, Venezuelan Institute of Scientific Research, Caracas, Venezuela 

A thermoluminescence dosimeter radiometric survey of the near-surface gamma 
radiation flUx was done as an adjunct to oil exploration studies in the Takla 
area, Tarim Basin, western China. The basin is in a desert region with an annual 
precipitation <10 em; several years can pass without rain. Faults trending ENE 
and WNW and which truncate similarly trending foldbelts dominate the structural 
fabric of the basin. The basin is comprised of Mesozoic and Cenozoic dark, 
organic-rich lacustrine mudstones {sourcebeds> and fluviodeltaic sandstones 
(reservoirs, sometimes with multiple horizons) in tightly folded asymmetrical 
anticlines. These are often cut by thrust faults along the steep limbs and form 
structural-stratigraphic traps. Important oil-producing wells have been completed 
at depths of between 2000 and 3000 m in this major exploration area. We surveyed 
80 k~ of the basin using LiF TL dosimeters buried at 0.5 m with the aim of 
finding small areas in the overall region with greater probability for containing 
oil and natural gas in the subsurface so that costly seismic work could be 
focussed there. These small areas are defined by their anomalously low value 
radiometric signalsa A similar approach was successful in another climatic regime 
at the Shengping oil pool, northeastern China, a flat topographic area which 
includes swamps and cultivated land (Siegel and others, 1989). 

Radiation dosages accumulated during the burial period ranged from 0.43-1.37 
nanocoulombs, with an average of 0.69 nanocoulombs. The sample population has a 
positive skew and the cumulative frequency plot approximates a lognormal 
distribution. 

The structural nature of the area was indicated by the near-surface 
radiometries distribution pattern and Suggested the possibility of fault
influenced traps in the subsurface. Three wells had been drilled in our study 
area. One was completed as an oil-producing well and was at a radiometric target 
defined by TLD~ A second was a dry hole and was located away from any radiometric 
target. The third well was initially completed as a dry hole, but drilling was 
subsequently continued to a greater depth and it was brought in as an oil 
producer: We were unable to clearly relate this second producing well to the 
radiometric data because an unexpected massive (150-200 year) flood inundated 
part of the study area suddenly before all the TL dosimeters could be recovered 
and the lateral erosion and scouring carried away many of them. Two other oil
producing wells are located 5 km to the east and 10 km to the east-northeast 
along a structural trend from the first oil-producing well. 

TLD radiometric survEys can be used to reduce large exploration tracts to 
smaller zones with more probability of containing petroleum and natural gas. As 
such, front-end costs in hydrocarbon prospecting are lowered because costly 
seismic surveying {$1000 to $10,000 or more per kme) can be directed to the 
higher probability zones. TLD radiometries may also be useful in defining 
extensions to existing oil and/or natural gas fields. The method is labor 
intensive as it requires the burial and retrieval of dosimeters but this and the 
lowering of overall project costs make TLD radiometry especially attractive to 
energy exploration in developing nations. 

Reference: 
Siegel, F.R., Hu, D., Vaz, J.E., Wang, Z. and Viterito, A. /1989/: Areal 
thermoluminescence radiometric survey of the Shengping oil field using buried 
dosimeters- -Oil & Gas Jour., 3 July, 53 -57. 
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COLD EXTRACTABLE CU AND TOTAL CU IN SOILS: A STUDY Flllll4 
MA.LANJKHANO mPPER DEPOSIT, INDIA. 

J. P.Shrivastava 
Department of Geology, University of Delhi DELHI - 110007 

Cold extractable copper analysed, ranges from 2.88 to 17.03% of the total copper present in forty 
two soil samples. Hot extractable copper concentration varies from 39.30 to 98.29% of total copper. Soil 
samples were digested in HF and HCL04 acids and analysed by AAS to determine total copper concentrations. 
cxCu varies from 1.5-200 ppm as compared to 15-320 ppm of hot extractable copper. Anomalous samples could 
be distinguished from background ones on the basis of cxCu data alone and are sympathetic to total capper, 
as analysed by AAS represents Longnormal distribution in this area. Relative variability stands at 1.3 and 
0.95 for cxCu and total copper data respectively. 
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THE GEOCHEMISTRY OF THE CARBONATE-HOSTED, DISSEMINATED GOLD DEPOSIT 
AT GAUTELISFJELL, ROMBAK PROTEROZOIC BASEMENT WINDOW, NORTHERN 
NORWAY 
Trond Skyseth & Paul Reitan, Univ. at Buffalo, Dept. of Geology, 
4240 Ridge Lea Campus, Buffalo, New York 14260 

The Gautelisfjell gold deposit is situated in the Proterozoic 
Romba!{ Window within the Caledonides, Northern Norway. The gold is 
finely disseminated in dolomitic impure dark carbonates overlain 
by a thicl{ sequence of turbiditic graywacke with tuffite and 
conglomerate layers. This supracrustal unit rests on a presumably 
Archean tonalite complex 1vith a basal conglomerate at the contact. 
The Rombak Window consists mainly of granites, with a Rb-Sr age 
around 1.7 Ga, which crosscut the supracrustal unit. A striking 
abundance of several generations of mafic dikes characterize the 
geological environment associated with the deposit. One set of 
dikes can be classified as lamprophyres, and contains anomalous Au 
values relative to other country rocks (>25 ppb). 

The deposit has a low sulphide content along with associated 
silification and hydrothermal breccias. The grade varies between 
0.1-10 ppm with anomalies over 300 ppm in thin zones. The trace 
element chemistry is characterized by a high Au/Ag-ratio with 
associated elements As, Sb, Ba, c,nphU:o' ±Cu, (±Nl, ±Co, ±Se, ±Te, 
±Bi ). Tungsten is spatially associated peripheral to the gold 
mineralization. The characteristics are broadly similar to Carlin
type hydrothermal replacement Au deposits. Observed gold grains 
range in size from 2-40 11m, and are associated with quartz, 
calcite, chlorite, pyrite, arsenopyrite and magnetite. Three main 
styles of mineralization have been outlined with different 
mineralogy and associated trace elements. 

Preliminary results from field relations and paragenetic studies 
indicate that the. gold was introduced at a late stage (possibly 
postdating the main Caledonian deformation events). Lead isotopes 
will contribute to the unravelling of the age relationships. The 
ore forming fluids have also been investigated by fluid inclusion 
studies. The area has undergone Caledonian lower amphibolite facies 
metamorphism and later greenschist facies retrogression. It is 
possible that the Caledonian metamorphism mobilized gold-bearing 
hydrothermal fluids that moved up and deposited the gold at its 
present site. It is important to recognize to what degree later 
tectono-metamorphic events have obscured the primary 
character is tics, or been genetically associated with gold 
deposition. 

Local stream sediment analyses do not show Au-anomalies, and the 
deposit has a subtle expression in the field. It was discovered by 
drilling and soil geochemistry. Thus, this type of deposit would 
easily be overlooked in a regional exploration program; careful 
statistical interpretations of the geochemical data will be 
developed to determine a "geochemical fingerprint". Similar 
deposits have not been described elsewhere in scandinavia, and 
explication of the detailed geochemical characteristics and genesis 
of this deposit will provide the basis to evaluate the exploration 
potential for Au in these areas. 
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GEOCHEMICAL MAPPING ofRARE-~ffiTAL ORE KNOTS OF MOUNTAIN-STEPPE REGIONS IN MONGOLIAN ALTAI 

A.M.Spiridonov, B.A.Gniluaha, V.D.Kozlov, A.B.Goreglyad, V.V.Ignatov, Institute of Geo
chemistry, Irkutsk, USSR 

Based on ore knots of Kyzyl-Tau (W,Mo) and Khaldzan-Buregteg (Zr, Nb, REE), the geo
chemical survey ~rom stream-sediments was made for prospecting of rare~etal mineraliza
tion as well as for mapping of ore-bearing intrusions under the conditions of mountain
steppe topography o! the Mongolian Altai. 

The Kyzyl-Tau ore knot is composed of sand schists and acid volcanics, broken by the 
Paleozoic Kyzyl-Tau granite and leucogranite intrusion. This intrusion is genetically re
lated to commercial tungsten and associated molybdenum-rare-metal mineralization. The 
Khaldzan-Buregteg region contains magmatic formations of alkaline syenites (nordmarkites). 
The body of older alkaline rare-metal granites, posseaaing abundant niobium-rare-earth
zirconium mineralization, occurs within nordmarkites. The present mineral paragenesis is 
not recognized by panning. 

The surve~ grid from stream sediments in sampling all ephemeral streams was 500X250-
150 m. The samples were collected !rom the depth of 10-30 em, the 1,5+0,25 mm fraction 
was analysed. The bedrocks of ore-bearing intrusions, rare-metal mineralization and the 
rocks, hosting mineralization were sampled by point specimens as well as by cross secti
ons. The samples were analysed for a wide number of elements via the atomic emission spec
trometry (AES) through evaporation !rom the electrode channel. 

Geocllemical features of the' granitoids of the Kyzyl-Tau massif are reflected in ano
malous fields of W,Mo,Bi,Cu,Li,Be,F which are distinct on the ore knot area. The low-con
trast anomalous field of molibdenum was found to coincide with granitoids outcrops of the 
main intrusion phase, while the fields of ita high concentrations ~re confined to hydro
thermal molybdenite mineralization. In contrast to molibdenumtthe anomalies of other ele
ments reflect only the areas of hydrothermal mineralization. For instance, intensive tun
gsten haloes are evident in the regions of wolframi te-qu.artz mineralizationt· the more ex
tensive tungsten anomalous fields occur in endo-exocontact zones of ore-bearing leucogra
nite domes of the final intrusion phase (Fig. the Kyzyl-Tau deposit N1, the Burat ore 
occurence, N2). 

Fig. The fields of W and Mo anomalous concentrations of geochemical survey from 
stre~ sediments of the Kyzyl-Tau ore knot. 1 - scheme of sampling of ephemeral streams; 
2 - ore objects; 3 - outlines of granite massifs. 

The possibility to apply the geoche~cal survey from stream sediments to map alkali
ne (agpaitic) rare-metal granites is exemplified by results on Khaldzan-Buregteg massif. 
It is established, that lithoohemical streams are characterised by the background concen
trations of the elements analysed within the nordmarkite field, while the massif of alka
line rare-metal grani~es is revealed by anomalous Zr,Nb,Hf,Ce,La,Y,Li concentrations.The 
anomalies of the above elements actually coincide with geolog~cal boundaries of rare-me
tal alkaline-granite massif. So, geochemical survey from stream sediments may be applied 
for prospecting rare-meta~ mineral~zation and for mapping geochemical objects in the arid 
climate. 
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SOME CIMlGENIC GEOCHEMICAL ANOIIALIES OF GOLO ORE IJEI'OSITS IN 
BALD MOUNTAINS - TAIGA LANOSCAPES IN SIBERIA 

Trofim Taisaev, Buryat Geological Institute, USSR 

In the cryolithic zone of bald mountains- taiga Landscape of middle mountains by repeated phase 
transformations and the presence of non-freezing pellicular water an active cryogenic transformation of gold 
ore deposits and their preglacial oxidation zones occurs. Moreover, large gold free separates, but thin
dispersed gold changes into solution. Gold-quartz Low-sulphide veins incorporate Archean- Proterozoic gneiss 
fault and are subjected to post-ore mechanical splintering. In the cryogenic zone of the veins disintegra-
tion free separated from quartz and sulphides Large gold (class -2,5+0,1) accounts for 50-70% of general 
content. Large gold residual concentration presented by elluvial halo and placer deposits are formed in the 
upper parts of slopes over veins outcrop by the regular evacuation of fine products of weathering and fine 
gold. They provide with gold alluvial placers. In the aLLuvial halo gold concentration is 1,5-5 times 
greater than in primary ores. Such surface horizons of gold enrichment are formed in cryogenic and pre
glacial oxidation zones. Small gold and fine gold make up secondary aureolesf fluxes and gold-bearing 
sediments in subpond reservoir. At the foot of rock stream stapes open suffOsional gold aureoles are 
typical. On the platforms of river valleys gold is sorbed from gold bearing water by clay, ferric hydrate, 
peat and falls on native gold. 

The cryogenic zone of sulphate and oxide oxidation is distinguished over gold-sulphide ore in 
Paleozoic black schists. It its composition side by side with original minerals (pyrite, pyrrhotite, 
chaleopyrite, galenite} goethite, hydrogoethite, jarosite, melanterite, malachite, azurite take place. In 
cryogenic zones of fractured sulphide ores a great number of soluble metallic salts transfer to day surface 
with pellicular water in winter. Oxided ores are accompanied by cryogenic saline anomalies. Burried under 
solifluction sediments mineralization is reflected by contrasting water. biogeochemical and little
contrasting lithochemical gold anomalies. In terrigenous sediments and peats of law moors and water-bearing 
fault zones as in arboreous and shrub vegetation on the gold anomalies are informative. Lichen, the 
predominant kind of vegetation of bald mountain landscapes, concentrates gold drastically. 

Thus, the conjugate cryogenic mechanical and saline {lithochernical, water and biogeochemical) gold 
anomalies are fonmed in the zone of gold-ore deposits cryogenests. The cryogenic cores of gold-quartz veins 
weathering are the source of alluvial and alluvial placers in subpond reservoirs. The lithochemical stray 
fluxes are connected with fundamental sources and Late-Pleistocene gold-bearing glacial and fluvio-alluvial 
sediments. The weak lithochemical stray fluxes of gold intensify by moss and plants ateurite testing along 
the river-bed flux and are distinguished by contrasting biogeochemical anomalies. 
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PiliNCIPAL CCJ4PONENT METHOD IU SHELF 
GEOCHEMICAL INVESTIGATIONS 

E.V.Tichomirova 
Institute of Mineralogy, Geochemistry and 

Crystallochemi stry of Rare Elements, t-ioscow, USSR 

Geochemical shelf investigations show that the formation of an active stratum of sediments is 
accompanied by differentiation of a great number of elements. It is found that whole groups of elements 
respond Similarly to different natural factors. Therefore it seems to be justified to basically solve 
prospecting tasks on a multiple variant basis, which enhances the informative significance and reliability 
of conclusions. 

The principal component method, one of the methods for multiple statistics, has been used to solve 
rwltiple tasks. The method permits identifying a number of factors that govern the formation of the 
geochemical field. Zones affected by various factors are outlined and studied with the purpose of bringing 
out spatiaL relationships with geological structures. 

In this respect, the most interesting are fields in which contents of fifteen or mora elements 
increase simultaneously and which correspond with regions of the inherited development of accumulation 
processes. In different water basins, at different geostructural and lithodynamic settings, such regions 
may include subsided tectonic blocks, large baslns, or those parts of shelves that were associated with 
marine regine for a long period of time. In contrast, regions of intense removal of materials (negative 
anomalies) of a given complex. The principal component method identifies such structural anomalies by weak 
correlations, where lithological control is absent. 

On the whole, geochemical investigations of shelves resulted in delineating complex anomalies of 
differing nature; heavy concentrate anomalies of the first mechanical barrier, abrasive drainages, present 
and buried accumulative coastal shapes resulting from mechanical separation of materials; hydrogenic 
anomalies in river moUths which have physicochemical nature; complex anomalies of mixed composition that 
trace fauLt and mixed zonal anomalies of estuary zones. 
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GEOCHBfiCAL MAPPIMG OF AA;':If:i'H PLA.TFOR.\1 SHIELDS 
USED FOR REGIOWAl METAU.OOB!IC ANALYSIS 

V.K. ritov, E.A. Land;l, Z.S. Gd.lotskiy 
All-Union Scientific-Research Geological 

Institute, Leningrad, USSR 

L Zonation of Precambraian regions is carried out on the basis of small scale mono- and 
polyelemantal geochemical maps for revealing far potentially ore-bearing structures such as metallogenic 
provinces, regions, structural-m:!tallogenic zones and ore districts as well as for solving some other tasks 
of geological and forecasting character {correlation and standardization of geological formations, deter
mir.ation of geocnem1cal .,paciat izat1on of rocks, t·eveallng rna in epochs of ore generation, sources of ore 
matter). It is advantageous to make s~tc; of such maps both on the basis of the small-medium scale 
geochemical investigations according to secondary med1a, sampling density being 1 sample per 4-5 km2, using 
automatic map-bui Ldtng system like "Geoskan" and on the basis of avaiLable data on rock geochemistry (such 
maps of Baltic, Ukrainian and Aldan shields \l-lere made in VSEGEI "in the manual variant"). 

2. Three cates-'.:.r ie:. of struct~..<re:3 ar(:! dlstingdis-twd as a result of investigations carried out on 
the shields with regard to the level of elements accumulation in rocks, degree of homogeneity-heterogeneity 
of their distribut~on in space, character of correlatiur1 Links between them: 1) central parts of Archean 
cartonS with quati;:;y of t-.amogenically distributed elem~nts l'<hich is low or close to klark; this indicates 
to the in1tially lmJ matal content in geological formations or to homogenization of the matter of separate 
blocks as a result of met~norphism and to the absence of sub~equent epigenetic processes (Verkhnee Pobuz'e, 
Ukrain, Murmansk, ~rd White Sea blocks of Baltic Shield, central part of Anabar etc.); 2) the regions with 
the presence of S.P3Cialized rocks, initially enriched with ore elements usually as a result of one of the 
main syngenetic processes of exogene or endogene proflles (amphibolite-gneissic belts with jaspilites, 
epicraton depressions with auriferous conglomerates or cupreous sandstones, districts of development of 
copper·nickel-bearing uttrabasi'tes and raremetal granitoids); 3} regions of high heterogeneity in 
distribution of elements at presence of anomalous concentrations caused by complex of epigenetic endogenous 
and exogenous processes supsrimposed on geochemically specialized rock types {regions of tectonic·magmatic 
activization, repeated processes of granitization). The last category of structures includes most 
polygenetic and pol ichronic ore objects typicaL for shie~d;,; including occurrences of "non-conformity" type. 

3. Optimization of matallogeneous forecasting st:ould be carried according to the results of 
geochemical investigation and exploration 8.ccomp,:,n;'lr.g ~~~rg;!-3cal.e geological survey in regions acknowledged 
as promising at the previous stage. IT is fulfilled by the •.,·a:; of both direct detection, distinguishing and 
evaluation of ore objects (ore fields and large depa~.its) i.l:";d by the use of formal methods, taking into 
consideration the total geological, geochemical, geophysical and other information presented on the 
correspor,-ding maps (sys.t<Z.rm.; cf automatic operat~ve ·~c·r~cusc·r.g}. 

4. Information receiv:.:;d ~sa resul\. ;J;' t.•,·.sluzn:·(;.· ct ,·,>\.v,;;a: po-rer.tial in geochemically s.pecialize-d 
9<;;--Dlogical objects is especi;.;.Lly importarn: for shield::..·the appli~d methods are based on the comparison of 
the objects and investigation ·.crith standard objc.cts ha•.-ing teliable geochemical characteristics. For 
example, such are investigation:.:. on prospects of nickel commercial potential of ultrabasites in synclinore 
1'.'1nd belt, Baltic e.hield (l).t·L Orlov), gaochc;,1ic&~ t';~tw;ation of alkaline-ultrabasic complexes for rare 
metals {Lando E.A.). 



CORRELATION BETWEEN OIEMICA.ll Y AND PHYSICAll V TRANSPORTED 
BARIUM -LIES OVER THE VITENGENI LEAD/BARITE MINERAL 

DEPOSIT, COAST PROVINCE, KENYA 

Mwakio P. Tole, Moi University, KENYA 

The Vitengen; lead-barite deposit occurs along a fault in Triassic sandstones of coastal Kenya. The 
mineralised fault zone-extends for several kilometers along a NE- SW strike, although intermittent mining 
has been confined to one area extending for about 200m length over the last 70 years. The main mineral is 
barite, with associated galena and traces of chalcopyrite, Cinabar and oxidised minerals of lead, zinc 
and copper. Soils in the area were analysed for Pb, Zn, Ba, Cu, Mn and Hg to get an indication of the extent 
of the mineralization. 

Chemical Pb, Zn and Sa in soils show good correlations with the mineralized vein. Copper defined 
the vein to a lesser extent, and mercury, where it occurred showed very board dispension holes. Physically 
dispersed barite shows very good correlation with the mineralised fault Location, although the extent of 
the physical dispersion is less restrict~d than that of the chemically dispersed Ba. This would imply that 
in barite-associated mineralizations, it may be faster and more cost effective to analyze for physically 
dispersed barite. 
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CLASSIFICATIO!l OF ENDOGENIC GEOCHEMICAL ANOMALIES OF ORE REGIONS 
Yu.F.Troshin~ V.I~Grebenschikova, M.A.Mitichkin, Institute of Geochemistry, Irkutak,USSR 

The ore regions of Kuznetaky Alatau and East Trans-Baikal areas with developed gra
nitoid magmatism include several main types of geochemical anomalies different in compo
sition, zonation and genesis. 

1e Intra-intrusion syngenetic and epigenetic anomalies associated with crystalliza
tion and ems~ation differentiation of melts at pluton origination. 

a) Contrasted petrochemical differentiation may cause formation of anomalous element 
concentrations and appropriate mineralization characteristic of each rock type. 

b) Geochemical zonation within the same granitoid facies ia due to emanation diffe
rentiation; the volatile components are separated in accordance with a number of their di
minishing mobility and volatility:(H20)-co2-H2S-HC1-(B2o

3
J-H2Se-H20-H2Te-HF-(B2o

3
J. The 

metals show the tendency to be subdivided and concentrated according to affinity to vola
tile components~ The zonation may be direct, reverse or rhythmical within the intrusive. 
The composition and zonation of mineralization are closely associated with zonation of 
anomalies ( ]'ig,1). 

2e near-intrusion geochemical anomalies { Fig.2) .. 
a) Positive anomalies formed as a result of intensive emanation supply of elements 

from the intru13ions to host rocks{K, F, B, Li, Rb, Cs, Sn, w, Be, etc,); 
b) !legative-positiva anomalies around strongly heated but low-volatile intrusions 

ret:~ult from substance removal together with water from the e:x:ocontact under the influence 
o~ intruaivs heat to distance over 1-2 km from the intrusive { e.g. H2o, Cl, B, Au, Ag.s, 
Se~ Ta 0 Zn, Cu and other elements around gold-bearing plutons); 

o) Anomalies around volcanic bodies and minor intrusions resulting from the substance 
transportation via convective flow of cold underground waters towards heated magmatic bo
dy; leaching and mobilization of the substance { Au, s, Cu, Zn, As and other elements) 
occur at a distance from the magmatic body while deposition of ore mineralization near it. 

The positive anomalies of 2a type are characteristic of the rare-metal intrusions 
rich U1 volatiles and associated with greisen and hydrothermal deposits Sn, w~ Nb, Ta, Mo, 
Be~ u. 1he amomalies of 2b and 2c types are common for the massifs associated with gold, 
copper and pnlymetal deposits .. 

). Geochemical anomalies of tectonic faults. Their geochemical specific features are 
closely cormected with ore,-magmatic and metasomatic activity. 

4. Geochemical anomalies of ore fields and deposita. They are local and occupy a de
finite position within the structure of above types of geochemical anomalies around in
trusions and have higher levels of elements concentrations. 

The classification of geochemical anomalies and data bank allow solution of the re
verse problem fer recognizing the image of a geochemical anomaly from data of geochemical 
mapping. 

SnO,p ZnS,PbS 

1 P p~:aco, 
/ I 

Fig. 1. An example of vertical geochemical 
zonation in the apical part of rare-metal 
granites and zonation of hydrothermal 
minergJ.izatio::t 
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Distance from contact, M 

Fig. 2. Distribution of chemical elements 
and water in emanation haloes around masai:fB 
of rare-metal granites (a) and gold-bear
ing diorite-granodiorite batholiths (b) 



ENHANCEMENT OF Cu GEOCHEMICAL ANOMALIES USING PARTIAL EXTRACTION TECHNIQUES. APPLICATION IN 

GEOCHEMICAL EXPLORATION (PORTUGAL) . 

M. Margar!da Vairinho, D.G.G.M., Lisboa, Portugal 

J. Claudina Cardoso, Departamento de GeociSncias, Universidade de Aveiro, Portugal 

E. Cardoso Fonseca, Departamento de GeociSncias, Univers!dade de Aveiro, Portugal 

The study described herein concerns the application of selective chemical extraction in 

two areas situated in Southern Portugal. A Mediterranean climate prevails in the areas. 

The Salgadinho area is situated in a Upper-Devonian Volcanic-Siliceous Complex. The 

stratabound replacement pyrite- chalcopiryte mineralisation is presented in variably altered 

felsic pyroclastic rocks. 

The Tinoca area is situated in the Arronches-Camp Maier belt, were stratiform copper 

mineralization is found, related to Precambrian gneissic formations. 

About 440 soil samples were collected in the Salgadinho area and 300 soil samples in 

the Tinoca area. The minus eo mesh fraction is used for acid decomposition and was submitted 

to an extraction procedure. 

OXALATE U.V (>8 ppm) 

~ 
~ 

I 

ACIO (>30 ppm) 

SALGAOINHO 

Fig. 1 - Salgadinho area: anomalous areas in oxalate 

u.v.and acid decomposition 

For the Kinetic study in 

soil samples, in order to 

obtain the Cu bearing phases , 

the minus eo mesh fraction \-las 

submitted to a sequential 

extraction procedure using 

the following reagents : NH 4 
acetate, hydroxylamine hydro

chloryde, NH
4 

oxalate in dark

ness, NH 4 oxalate under U.V. 

radiation and finally strong 

acids. 

The use of NH
4 

oxalate under U.V. radiation in partial extraction compared with the 

hot mixed-acid extraction for copper, gives a better geochemical anomalous area and contrasts 

for both areas studied here (Figs. 1 and 2). 
OXAtAT£ U Y ( >7ppm) 

Fig. 2 - Tinoca area: 

anomalous areas in oxalate 

u.v. and acid deComposi

tion. 
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REGIONt-\L VARIATIONS IN MAJOR ELEMENT AND 1RACE METAL 
CCNTENTS IN TIIE FINE FRACTION OF TILL. 

Henry Vallius 
Geological Survey of Finland 
SF-02150 Espoo, Finland 

The Geochemical Atlas of Finland, based on the fine fraction(- 0.06 mm) of till, 
shows sevewJ regional multielement anomalies. One of them is located in SW- Finland. 
fhe study area, 17,000 krri' in size, is situated at the eastern edge of this anomaly. The 
element contents are highly anomalous in the western parts of the area and decrease 
going eastward. until the concentrations reach background values, after some 50 km:s. 
Rock sar:1pk' v·ere taken in order to find out the correlation between bedrock and till. 
The be•Jrock ~UJalyses show local variations in element contents, due to the different rock 
typ·~s. bm there are no signs of any regional anomalies, like those found in the fine 
frw:,;on ot tilL Co c.-elation analysis showed positive correlation between bedrock and till 
in the western :nu-rs ami no correlation in the eastern parts of the area. 

>lew r"cfo:'r•;l1ce till samples were collected along two profiles across the study 
a~ea. XJ-:D- ;malyses of the samples indicated an increasing amount of quartz and 
•e!dsp~-, ;;: 'he; eastern part, and a higher amount of mafic minerals in the western part 
:)~-the area. The samples were chemically analyzed using total dissolution and aqua regia 
:eaches, showing eastward increasing contents of Ca, Na, Si, Sr and Zr. Both methods 
indicate higher quantities of felsic minerals in the fine fraction of till, in the eastern part 
of the area. 

The good correlation between bedrock and till in the anomalous western part 
indicates a short glacial transport, and that the till represents the underlying bedrock. 
In the eastern part till does not correlate with the bedrock. Here the amount of felsic 
minerals \s higher, and the anomaly pattern is more flat. The mafic minerals may have 
been part I; 'vashed out, or the till may represent several cycles of till, in which resistant 
fcL;:c miner:•h and accessories have been mechanically enriched. Two types of till is 
representc>tl: the western, ·normal' type, that correlates with the bedrock, and the eastern 
typ.::, witi:Jou_ ::ay ;;orrelation, and an origin that is more complex than the 'normal' tills. 



THE EFFECT OF WITHDRAWAL ON GROUNDWATER CHEMISTRY 

IrP.n VarsS.ny:t, Publtc Gea.lth Department of Caongrcid County, Hungary 

It i.e supposed that th:tck and htghly permeable de-ep artes:tan aquifers m:fght be endangered 

by overdevelopment :f.ndtcated by dim:fn:t.sh:tng pressure (ErdP.ly:f and GB.lf:f_, 1988). The effect of 

w:l.thdrawal on chern:toal water qual:l.ty on the bas :Is of long term var:l at:! on :l n the compostt:l.on 

of groundwate·r is dtscussed. 

The study ts based on the analys:l.s of water samples from 140 walls of Water Supply:lng 

Plants, and on the var:l.atton of water head depend:l ng on depth and t:l.me dur:tng a 15-year perJ.od 

from 1975 to 1989. Groundwater samples from the Ple:latocene aqu:lfer :In the Southern Great 

Hungar:l.an Pla:l.n were analysed for eleven chem1.cal var:l.ables, these are: electrlcal conduct:! v-

:l.ty , alkal:l.n:l.ty, water hardness, chem:l.oal oxygen demand (COD), :1 ron, manganese, ammontum 

:l.on, nltrate J chloride and sulphate an:t on a. Data were evaluated by mul t:l var:l ate atat:l.at:J cal 

methods. 

Water qualtty :t.s not unlform :l.n the study area. Cluster analysis was performed to separate 

water samples with s:l.mtlar water quallty. The groups reault:lng from cluster analysts correspond 

to d:l.fferent parts of the study area w:l.th d:l.fferent hydrological features (VaraAny:l., 1989). 

Pr:l.ncipal component analyses were performed to determ:l ne the processes :1 nfluenc:l.ng chem:l cal 

compos:! tlon of groundwater. Water head and pressure grad :I ent were also determ:l ned. 

Wells w:l th a:l.rn:l.lar water qual:l.ty, head and presoure grad :I ent were chosen to study the 

variat:l.on of water qual:l.ty. Long-term trends of the d:l.fferent chem:l cal canst :I tuents were 

detected us:l.ng concentrat:l.on-t:l me relat:l onshi p. 

The dissolved components exh:lb:lt considerable fluctuat:lona but a linear trend :In the long 

term may be detected, Th:l.s long-term trend was quant:l.f:led dur:lng the per:lod 1975-1989 us:l~g 

l:l.near regreas:l.on between concentrat:l on and t:l me. The most character:! stf c trends are the 

:1.norease of water hardness and decrease of chem:l cal oxygen demand. There were no regular 

measurements of pH dur:l.ng th:l a per:! od but the :l.ncrease of water hardness together w:l th the 

decrease of COD suggest that pH plays an :l.mportant role :In the var:lat:lon of chem:lcal water 

quality. These changes are in good agreement w:lth the decreas:lng trend :l.n water head, 

mon:l.tored :l.n several groundwater wells· dur::l.ng the same per:! od (R6na:l 1 1985). 

References: 

ErdAly:I.,M., J.G<ilf:l. (1988): Surface and subsurface mapp:l.ng :l.n hydrogeology. AkadP.m:l.a K:l.ad6, 
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R6nal, A. ( 1985): The Quaternary of the Great Hungar:l.an Pla:l.n. Geolog:l ca Hungar:l ca. Tom. 21 
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GEOCHEMICAL PROSPECTING IN PORTUGAL: A REVIEW 

L. Viegas, DGGH, Coimbra, Portugal 

H. Margarida Vairinho, DGGM, Lisboa, Portugal 

L. Rodrigues, DGGM, Porto, Portugal 

E. Cardoso Fonseca, Univ. de Aveiro, Portugal 

F. Muge, IST, Lisboa, Portugal 

The actual state of geochemical prospecting in Portugal is outlined. 

<J::he already sampled area, the sample media, {Fig.l) sample spacing and analytical 

procedures used are illustrated by global maps. 

·Fig 1. Geochmnical I'rozpecting 

in Portugal - samr!.ed areas 

The sampled area covers a surface of 

about 30 000 Km2. 

The more often used sample mediWI is the minus 

80 mesh size fraction of soils and stream 

sediments but other media like water for uranium 

prospecting, rocks or gossans for local studies 

have been analysed. Occasionally selective 

extraction techniques (using either physical or 

chemical processes) have been investigated. 

Several anal .tical techniques are applied: 

colorimetry, atomic abso~ion spectrometry and 

direct current plasma emission spectrometry. 

fn ,some cases1 studies are presented as they are examples of geochemical maps used for 

representation and/or interpretation of geochemical data. 

Most of these maps are actually computer processed and several algori~s have been used 

for contourin~ or mapping anomalies (mobile average, factor score, inverse distance, 

krigging, factorial krigging, etc). 

Practical recom~ndations such as analysing old samples and resampling at selected pilot 

areas, implementation of a National Sample Base, Inventory and Review of Geochemical Data, 

are made in order to achieve a correlation and normalization of data. 

This should permit to maximise information no. only to guide~ploration but also 

environmental and agricultural studies. 
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GEOCHEMICAL EXPLORATION IN THE NORTHEASTERN PART Of THE 
CATALONIAN COASTAL RANGES (NE SPAIN) 

M. Viladevall •• X. Font•. A. Ferrer·. A.M. Marim6n'', A. Casas'. R.Vaquer ', J.M.Carmona' and M. Cardoso• 
('). Dept. of Geochemistry, Petrology and Geological Prospecting. Zona Universitaria de Pedralbes. 08028 
Barcelona. Spain. ( ... ). Geochemical Service Analisys. Zona Universitaria de Pedralbes. 08028 Barcelona. 
Spain. 

The Montseny-Gu-Hieries, Gavarres and Montnegre Massifs in the Hercynian context of the Catalonia 
Coastal Ranges (CCR) occupy an extension of 2854 km2, and are located 50 km NE of Barcelona. 

The physio-graphic features of the region are of Alpine type and its climate is Mediterranean. Its 
highest altitude is 1714 m, with an average of about 600 m. 

The CCR lithologies are mainly intrusive, sedimentary and metamorphic materials (fig.1.). The 
intrusive Hercynian rocks are chiefly monzonitic and granodioritic granites with little leucocratic
monzonitic granite stocks. 

The most metamorphic materials are composed of Cambro-Ordovician gneisses, micaschists and 
marbles; slates and black shales with embedded Upper Ordovician volcanic tuffs; Silurian-Devonian black 
shales and black limestones; and finally carboniferous slates and greywackes. All these materials 
affected by a metamorphic contact aureole. 

The ore ocurrences are mainly F-Ba-(Pb-Zn) and Ba-(Cu) vein-type post-Hercynian mineralizations ; 
Cambro-Ordovician Cu-Zn-(Cd)-Pb-Fe stratiform ·deposits;Upper Ordovician Fe stratiform deposits; late 
Hercynian Cu vein-type mineralizations; and Hercynian W-Pb-Zn-Cu-{Sn) skarn deposits, associated with 
Cambro-Ordovician and Upper Ordovician materials. 

Geochemical stream and panning survey was made during 1982-83-84 and 1987-88. A total of 3729 
stream sediment samples, 450 panning concentrates and 1832 water samples were collected. These 
studies were made with the support of the Geological Survey of Catalonia and partially financed through 
a project of the "Comision Asesora de lnvestigacion Cientifica y Tecnica (CAICYT)" 

The analyzed elements were:Pb. Zn. Cu. Fe. Mn, Ni. Co. Cd and Ag by the ASS technique with 
conventional flame was used; for As, Sb, Bi and Hg by the AAS technique with hydride method: and for Ba, 
W and Zr by XRF technique; and finally F was analysed by Specif1c Electrodes techn1que. 
Results :The Paleozoic cover 

A) There are two anomalous areas having high values on the Zn-Cd·(Cu-Pb-Hg) factor score. with an 
extension of 1 o and 15 Km2 respctively, located at the North and the Soulh of the Montseny-Guilleries 
Massif, related to micaeschists, gneisses and marbles of the Lower Cambro-Ordovician. 
B) Four anomalous areas, in Zn-Pb-(Cu-Fe-Mn-Cd-As-Ni-Co), assoc1ated with slates and black shales 
over the Upper Ordovician tuffaceous formations (the most anomalous ·40 Km2 in extension. is located 
in the Montseny-Guilleries Massif, and the others are in tha Gavarres and Montnegre Massifs). 
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A) There are two Ba-(Cu-Pb) and F-(Pb-Zn) anomaluos concentric belts (fig.2), about 7 km wide. 
bordering the Montseny-Guilleries and Gavarres Massifs; 
8} A 30 Km2 anomalous area, in Pb- Cu-{Zn-Cd-Bi), located in the northern part of the Montseny
Guilleries granitic matedals. 
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GEOCHEMICAL ANOMALY OF ALTAI ORE FIELDS 

V. M. Vi ldyayev 
PGO "Centrgeofizika", Aleksandrov, USSR 

The region described hereinafter is a part of the limited number of mineralized provinces of the 
USSR where geochemical exploration was initiated as early as in l930th. 

Important scientific and practical knowledge has been collected since that in the most efficient 
prospection methods, studies of that period were fruitful in data on distribution of anomalous geochemical 
fields (AGF) in soils, transported unconsolidated material, ~<~eathered rock and bed-rock of Paleozoic 
basement. This information permits to picture the existing state of geochemistry of the region which is 
a necessary prerequisite for optimization of prospection depending on deposit characteristics (outcropping, 
blind, buried or blind-buried) and for solution of ecological problems that appear now in this old mining 
region. Evolutional aspects of these geochemical fields (of Paleozoic-dated pr1mari ly) may also be 
considered. It is important for metallogenetic mapping and solving background problems of th,se ore 
deposits. 

Studies of AGF for the sake of prospection has shown that the most efficient technique applicable 
within the exposed metallogenetic areas in Altai is prospection followi·rtg secondary ore guide aureoles. In 
buried regions the most promising method is a deep lithochemical exploration following secondary (buried) 
and primary aureoles of mineral- and rock-forming elements accompanying a geophysical prospection 
(resistivity and magnetic measurements). 

Evolutional aspects of AGF studies show that the present geochemical picture of Paleozoic base rock 
is a consequence of two actions: geosincl inal formation of polymetallic ores and orogenic events with 
silica-alkaline metasomathosis and with regeneration of the earlier polymetallic ores. The second stage 
fields are more extended and associated mainly with despersed sulphide mineralization where concentrated 
Au-Ag metallization is eventually present. 

AGFs of any stage have quite definite geochemical assemblages determined by their formation 
environments. 

A special feature of these ore deposits is their formation within "sodium hole" areas (regions of 
abnormally tow Na content). 

The "sodium holes" formed during both stages of mineralization. The first stage formations are 
syngenetic to polymetallic ore. The "sodium holes" of the second stage are associated with silica-alkaline 
metasomathosis though periferic parts of these "holes" have narrow zones of superconcentrated sodium and 
of deficient potassium (K is overabundant in all other zones within the "holes"). This anomaly is 
codimensional with mineralized fields and thus it is an important instrument of prospection. 

As a rule AGFs of both stages are correlated in space and demonstrate nodal distribution: anomalous 
geochemical nodes are formed to occupy 7 to 10% area within productive series. 

Geological structural analysis of these nodal anomalies in Altai shows that their arrangement is 
associated with extended linear structures that may be specified with geological, geophysical and with 
airborne and space-sellected data. Negative gravitational effects accompany the greatest part of geochemical 
nodal anomalies and this is indicative of acid volcanism centers. 

Data concerning AGF of the region permits to correlate major polymetallic mineralization to Devonian 
volcanism. These ores regenerated and recrystallized to a certain extent during Carboniferous and Permian 
periods, hence the present disseminated sulphides in enclosing and overlying rock. 

The existing data on AGF of this region permits to provide for more efficient prospection for ore 
deposited at 500 meters and deeper. 
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GEOCHEMICAL PROSPECTING FOR ORE DEPOSITS IN VIETNAM 

Nguyen khac Vinh, 

Research Institute of Geology and Mineral Resources, Hanoi 

Geochemical prospecting for ore deposits in Vietnam has been 

conducted for over 30 years. 

The geochemical survey on bedrock and secondary haloes accom

panied with geological and geo~hysical surveys has been undertaken 

on three stages, e.i. at the scales of 1:500,000 ; 1:200,000 and 

1:50,000 and has contributed to the location of thousands of pri

mary and secondary geochemical anomalies of Cu, Pb, Zn, Bi, Sb, etc. 

This approach has proved to be the most suitable one for Vietnam, 

which is covered by thick zones of soil or detrital material and 

dense forests. 

Geochemical prospecting has been adopted and become an integral 

part of geological work. 
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EXPERIENCE IN GEOLOGO-GEOCHEMICAL RlRECASTING 
OF CHALCOPYRITE-BASE METAL DEPOSITS OF 

SOUTH-WEST -G!JISSAR TYPE 

S.A. Voladko,E.I. Filatov 

Hingeo USSR, Institute of Mineralogy, Geochemistry and Crystallochemistry of Rare Elements 
Moscow, USSR 

!.Anomalous geochemical fields, equivalent to the ore fields are expressed by the following series 
of typomorphic elements:Pb- Zn - Cu - Ag - Mo- Sa - As - Sb- Ca - Ni - Sn - Cr - Mn- V- Cd - Bi - W -

Au - Ga - Ge. 

The deposits are characterized by lateral zonality of endogenous halos along the stratigraphic 
normal from the bottom upwards: Co- Sn- Be- Ni - Ag- Cu - Mo- Zn- Sa- Pb.The ore bodies are fixed 
by primary halos with zonality from a flat wall to a hanging wall:Co- Ni - Cu- Zn- Ag- Pb. 

2. The structure of anomalous field of different l;ierarchic levels is described by the coefficient 
of lateral (Pb.Ag/Co.Ni) and axial (Ba.Pb.Ag/Mo.Co.Sn) zonalities. 

3. To distinguish potential ore fields at the stage of geological survey of 1:50 000 scale with 
general exploration it is recommended to carry out aeromagnetic survey, seismic prospecting, geophysical 
prospecting by electric means, litho-geochemical survey of bedrocks and overburden. 

To reveal potential deposits at the stage of prospecting it is necessary to carry out magnetometer 
and gravimetric surveys, geophysical prospecting by electric means and litho-geochemical investigation of 
primary halos. 

As a result of works at both stages it is necessary to create geochemical bases for prognostic maps 
of corresponding scales, which increase efficiency of geological mapping and Local forecasting of mineral 
potential. 
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ABSTRACT 

The hydrogeochemistry of a sedimentary basin at Idanha a Nova, Portugal. 
Thermodynamic modelling used in Uranium exploration. 

S.P. Vriend, M.J. Dekkers, and P.F.M. van Gaans 
Institute of Earth Sciences 

Department of Geochemistry 
PO Box 80.021 3508 TA Utrecht 

The Netherlands 

A hydrogeochemical study was carried out to prospect for areas with a potential for Uranium 
mineralization in the Tertiary basin of Castelo Branco, Portugal. Water samples were collected south 
and east of Idanha a Nova. The samples were filtered over 0.45,um and analyzed for major, minor and 
selected trace elements. 
With the aid of Fuzzy C-means clustering, a method allowing for the composite character of waters, 
the samples are classified in four major types: 1. bicarbonate-waters; 2. polluted bicarbonate waters; 
3. schist-type or surface waters and 4. gracile-type waters. Non-linear mapping of the clustering 
confirms the partition. The water types show geographic consistency. Uraii.ium concentrations are 
highest in the bicarbonate waters. 
W ATEQX calculations on the composition of these dilute waters confirm the free principal ions to be 
the major species for all elements, except for P, Al and U. Phosphorous is predominantly present as 
HP04" or H2PO;, Alas Al(OH); or Al(OH),+, depending on pH. For Uranium an uranyl phosphate 
complex (U02(HPO,),") is dominant. 
Nitrogen was measured in the laboratory as nitrate. The results of W A TEQX indicated the 
thermodynamic stability of ammonium at the measured Eh-pH condition;;. Considerations based on 
the ionic charge balance lead to the conclusion that kinetic barriers prevent the formation of 
ammonium in the eastern part of the basin. 
This citrate-ammonium distribution corroborates the gradual decrease of Eh from northeast to south
west in the basin, which apparently coincides with an increase in Uranium concentrations. 
In the relatively oxidizing part of the basin U has either never been present in considerable amounts 
or has virtually been leached. In the more reducing area the elevated U-concentrations in the waters 
are close to equilibrium (within two orders of magnitude) with minerals like uramph.ite, schoepite and 
rutherfordite. 
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THE AUTORADIOGRAPHY STUDY OF GOLD DISTRIBUTION IN A PROCESS 
OF THE BLACK SHIST METAMORPHISM 

Zhmodik S.M., Kulikov A.A., Shestel S.T. (USSR} 

The dimensional distribution of gold in the carbon-bearing of Proterozoic age of Vitim-Patom 
highland Wa5 studied by a method of the activation beta-autoradiography. A series of the samples studied 
by the autoradiography method represented the are-bearing carbonaceous schits: prosedimentary these with 
the syngenetic schistously distributed sulphides: metamorphogenetic these with a wide development of tenses 
of quartz-pyritic and arsenopyrite with the quartz margins, schistaus pyrite-quartz veins cutting bedding. 

Gold does not form the independent emanations in the black schists with a schistous dispersed 
sulphide mineralization assigned to the prosedimentary one. In the process of a collective recrystallization 
and a consolidation of the sulphides takes place a redistribution of dispersed gold in pyrite with an 
enrichment of the places timed to the Little fissures of a content of Au O,n -O,On%. In the single cases 
in the little fissures in pyrite are fixed the emanations of gold sized 2-5 mkm with the content Au- SOX; 
Ag- 10%. In the zonal metacrystals of pyrite gold in the form of the micron emanation is concentrated in 
the central parts of the crystals, around the granulomorphotogical "embryos" of pyrite. On the whole, the 
distribution of gold in this type of the ores is subordinated to layering that evidences about the 
prosedimentary (volcanogene sedimentary or hydrothermal sedimentary) nature of gold. Only native gold (from 
2-3 mkm up to 20-30 mkm),spatially timed to the faces and fissures of the sulphides (pyrite,arsenopyrite) 
is established in metamorphogene hydrothermal formations. 

The obtained data evidence about the existence of the dispersed fonm of gold and its entry into the 
defects of the crystalline lattice of pyrite. Under metamorphism takes place the diffusive redistribution 
of gold in pyrite in the direction of the fissures (dislocations) and its isolation in the fonm of the 
independent emanation. The use of the autoradiography method allowed to establish the local distribution 
of gold in the black schists in the different stages of the ore process. 
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LOW-TEMPERATURE SORPTION OF GOLD AND SILVER BY THE SULPHIDE MINERALS (ACCORDING TO AN AUTORADIOGRAPHY) 

Zhmodic S.M., Mironov A.G. 

The dimensional relation of gold with the sulphides is most often explained by a superposition of 
silver-gold ore mineralization on the earlier formed sulphide minerals. 

The interaction of the sulphide minerals with gold- and silver containing solutions was studied by 
a method of the radioisotope indicators in combination with the autoradiography. As radioactive tags were 
used the radioisotope 195Au (T/2=183 days) and 110mAg(T/2=253 days) that allowed to conduct the experiments 
with the contents of gold and silver in the solutions equal to 5-10 mkg/1, that in close to the natural 
ones under the different pH. The polished plates made from the samples of the most typical ores of gold 
were taken for the experiments . The opposite shears were used in the experiments on a sedimentation of 
gold and silver. The samples were placed by the polished surfaces into the working solution for 72 hours 
under the temperature of 239°K and pressure 1 bar. Exposing was conducted with a use of the emulsion 
(films} of a type PT, F0-5, AP-3. The coefficients of a distribution of gold and silver were determined on 
a relation of a density of blackening of a photoemutsion above quartz or pyrite. 

As a result of the conducted investigations were established the series of the minerals according 
to a degree of the sorption of gold and silver from the solutions (pH-2; 10 mkg/g Au 5 Ag) which have the 
next form: 

for gold 

Mineral !GoLd-Bornite-Galenite-Arsenopyrite-Sphalerite 
K !39.6 36.8 5.8-28.6 7.4-10.3 5.7-7.4 
min.-qu.!Chalcopyrite-Antimonite-Faded ore-Pyrite-Quartz 

11.8- 2.2 1.9 1.3 1.1-1.51 

for silver 

Mineral !Gold-galenite-Bornite-Sphalerite-Arsenopyrite 
K j38.8 20.7-37.4 8.1 6.0-9.3 4.3-11.0 
min.-qu.!Chalcopyrite-Antimonite-Faded ore-Pyrite-Quartz 

j4.7-7.6 6.5 3.5 2.8-4.31 

K -the coefficient of the distribution of gold (silver) 
min.-qu. mineral-quartz 

A quantity of sedimentary goLd and silver decreases from metallic gold in the direction of pyrite. 
The established sequences do not agree with the known series of the electrode potentials of the sulphides, 
in this connection the process of the sorption of the studied elements cannot be explained by the 
electrochemical sedimentation. The process of the sorption of the elements with their subsequent 
reestablishment on the surface of the sorbent (mineral) is more real. This conclusion corresponds .to 
thermodynamic calculations ( Letni kov, Vi Lor, 1981) and direct experimental measuri ngs carried out by a method 
of photoelectron spectroscopy (Bancroft, Gille,l982). The interaction of the auriargentiferous solutions 
with the sulphide minerals in the natural conditions, with the higher concentrations of silver, must result 
into the formation of mostly gold-siLver compounds (custerite, electrum, low-standard gold). 
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IHPRJVEMENTS IN HETMOO$ OF EVALUATION AND EXPL.ORATION OF 
COHPLEX SILVER-BASE METAL DEPOSITS ACCORDING TO TilE !lATA 

OF MINERALOGICAL-GEOCHEMICAL INVESTIGATION 

B. F. Zlenko, A. M. Gubanov 
Institute of Mineralogy, Geochemistry and 

Crystallochemistry of Rare Elements, Moscow, USSR 

The prospecting works are performed at specific units with proved commercial value. In all deposits 
geologo-mineralogical studies are carried out to determine forms of occurrence of ore components productiVe 
associations, technological grades of ores, evaluation of flanges and deep horizons of the known ore 
deposits and detection of new ore bodies. The experience in investigation of complex silver-base metal 
deposits at the stage of search and evaluation and prospecting shows that mineralogical and geochemical data 
provide valuable information on some other problems: 

1) well-grounded selection of main and accompanying components which ~hould be considered during 
delineation of ore bodies or by group samples in the calculated outline; 

2) delineation of separate ore intersections and their space interrelation with determination of 
commercial outlines of ore deposits; 

3) study of distribution of maximum concentrations of some elements, which is important for 
substantiation of density of sampling grid and determination of a necessary number of cuts for the 
reliable quantitative evaluation of main calculation parameters (average thickness and 
concentration); 

4) determination of mechanisms of elements distribution and forms of their occurrence in veins, 
salvages and halos for substantiation of different kinds of work (e.g. drilling) for exact 
evaluation of mean content of particular elements. 

Application of mineralogical-geochemical data for solution of the above mentioned problems 
significantly increases the quality of prospecting, provides complex use of mineral resources and decreases 
quantity of costly trials. 
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PATTERNS OF ELEMENT DISTRIBU TION IN POST-MAGMATIC FORMATIONS OF THE DARASU!l OHB -MAGM.J\"l'lG 
SYSTEM 
L. D. Zor ina, Z.I . Kulikova , Ins t i tute of Geoch emistry , I r kuts k, USSH 

The deposi t s of the Da rasun ore -magmati c system ref er t o gold-sulphide formutio n . The 
host r ocks i nclude gabroids, which underwent an i n t ens i ve graniti zation, and granitoi ds. 
The minera lizat ion was preceded by t he i n t rus i on of stock-like bodies a nd dyxe s diori te 
and quartz diorite porphyrites , grani t e-porphyri es, pl agiograni tes and pl agi oporphy r ies, 
f e lsites and fe l site- porphyries. The above rocks underwent t o s ome extent pre-or e propyli
ti zation : replacement by albite , s ericite , ca rbonat e, act i nol i te, epi do t e , chlor ite. The 
simila r zonal me t asoma t ic columns a r e present in t he vici ni ty of ore bodies , mineralized 
(ore zones) and non- mi neralized tect oni c di s l ocations . The abs olute age of propflites is 
149!9 ml n . yea r s ( Rb-Sr method) , Or e bodies are r immed by zonal ~ist venites ( quartz, carbo
nate , chlori te, sericite, pyrite) in gabbroids and berisites ( quar t z , pyrite, ae1·ici~et 

chl orite ) in granitoids , which a s though "compl ete " metas omat i c propyli t e columns . The a ge 
of lis tvenites-ber i site s is 144!9 , 6 mln . years . The miner a lization proper developed through
out 4 stages: tourma line (tourma line , pyrite ), pyri tes (pyr i t e , arsenopyri t e, cha l copyri te ) 
pol yme t allic ( pyrite , ga l eni te , sphal eri te ) and s ulphosal t ( s ulphosal t s Ag, Bi , Cu , Sb, 
As , Pb), veined-quartz and carbonates . The ore pr ocess terminates by t he post-ore quartz
carbonat e stage. 

The f oll owi ng distribut ion pat t erns of sever a l e l ement g r oups are studi ed in the gra
nitized gabbroids, propy l i t i zed rocks, li s tvenites , ber isite s , ore vei ns, ore :z.or.cn and 
non-miner a lized tect onic d~alo cations : a l kaline (K , Na, Li , Rb , Cs ) , r a r e-a lka line-ear th 
( Ba , Sr), Fe gr oup (C o, Ni , Ti , V, Cr , Mn) and f ormi ng ore bodies (Au, Ag, Bi, As , Cu, 
Sb, Pb , Zn , Hg , B). The leve l s of el ement concentrati ons ar e normali zed a f ter background 
and are expressed by contrast coeffi cients (CC) . This permitted the geochemical fiel ds of 
concen trat ion (GFC) , removal ( GFR) a nd fields of disper sion (GFD) t:) cc classHje'.i. 

The following t r ends should be indi cated . Potassium in the n ocr>t.!'P!l c:f pre -ore tUHl 

syn-ore alteration of the host r ocks t ends to accumul ati un &nd ft r mc t:!.oa o£ ·": ,.,~ .1. t. u 

removed from the zones of maximum sulphide depos i tion (or e vei ns ) . Sodium ot: tl:(; cOHti ... ry 
is charact eri zed by the s t abl e remova l, which i s obs er ved f r om t he prop:rll ti~r<t:Lon pr'Jces:.. 
Rare a l ka lies and Ba , as well asK tend to accumul ation. Al ong wi th i t, in some w; 1.c .. <'~O itk!.
t i c zon es of granit i zed ga bbroi ds, propylitized rocks and beri sitea, alkalic~ a~d llu re 
main a t the background l e vel. Strontium and t he element s of Fe group form CFR, "hid. •I e 
connected wi th GFC of or e and alka line el ements. GFD of Co, Tj., Mn ,ra and If m1q 0ccu only 
in the pr opyliti zed granit oids and berisi tes. Such or e elements as Au, Ag, F<.1, I'b "'lr:·~ 

accumulating i n the pr ocess of pr opylit i za tion. The i r coutrast belng low (GC -P ~u 10) 

The spectrum of elements i s extended in l i stvenites and berieite s a nd corresponds to that 
o f ore veins (Au , Ag, Pb , Zn, Cu, As , Bi , Sb, Hg , B ) , t he contrast increasin~ up to 100. 

It i s maximum ( CC» 100 ) in the ore veins from which all petr ogenic and aso;)ciat cd r·are 
e l ements are r emoved . The ore zones a re charact eri zed by a verage and hi gh contraat GFC of 
ore e lemen ts , which are ass ociated with K, Li, Rb, Cs , Ba , Mn and corUlect ed with GFR of 
other e l ements studi ed. Geochemi cal f ield of concent r ation of Li a md l o11-contrast eeoche
mica l fields of con centr a tion of or e e l ements , associ ated in some cases wii;h GFC of K, Rb , 
Cs , Ba, Mn, Co, Ni , Ti , V, are the markers of t ectoni c di slocations. 

The analysis of GFC, GFR , GFD of the Daras un ore-magmatic sys t em indicates the juve
nile suppl y of ore elements, B, K, as well as di s placement o f Na and Fe group element s 
and redi s t ribution and possible juvenile supply of Ba and r ar e ala kalies . 'I'he above fea
t ures are proposed t o be a pplied in pr a c ti ce of prospecti ng. 
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APPUCATI!lll OF THE HETIIODlC BASES DEVELOPED lN THE USSR 
RlR ~ DPI.ORAH!lll AIID EVALUATIXJII OF GOU>-ANTIMONV 

IIINEIIALIZATI!lll IN SLOVAK DEI'OSITS 

M. A. Zubov (USSR), E.Oryznik (CzSSR), 
Institute of Mineralogy Geochemistry and 

Crystallochamistry of Rare Elements, Moscow, USSR 

Hultifactor models of ore objects at different hierarchic levels (ore bodies, deposits, ore fields) 
serve as the base for interpretation of geochemical data. Generalization and additional study of occurrences· 
of Au-Sb mineralization in Slovakia allowed to reveal similarity and/or difference with soviet standard 
objects of the analogous type and to create a generalized exploration-interpretational geologic-geochemical 
model of Au-Sb mineralization. The interpretation methode of geochemical components and model 
characteristics-chem1cal composition, geochemical zoning, proportionality of parameters of halos and ore 
bodies. 

In the applied interpretation technique, specific features of chemical composition are used to 
distinguish geochemical anomalies and evaluate their possible formation type: the geochemic•L zonality is 
the criterion for estimation of the erosion level of anomalies. The size of mineralization is forecasted 
on the basis of quantitative dependence of parameters of geochemical halos and ore bodies. 

The application of the developed technique in the districts of Au-Sb mineralization in Little 
Cal"p.athians, Low Tatras Mountains and Spishsko-Gemersky Ore mountains demonstrated its efficiency and 
allowed to obtain interesting practical results. 

'· 
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GLACIAL DISPERSAL OF CHROMITE FROM THE KEMI CHROMITE ORE IN 
NORTHERN FINlAND 

Tuomo Alapieti. Lars Forsstr6m and Vesa Peuraniemi 
Department of Geology, University of Oulu, 90570 Oulu, Finland 

A considerable number of chromite ore boulders had been found in the area east of Oulu, Northern Finland, 
even by the mid-1960's, and thungsten and sulphide ore prospecting was carried out by Rautaruukki Oy 
Exploration in the same area in the early 1980's using heavy mineral till geochemistry. It was then decided 
to employ this method to reconsider the source of the old chromite ore boulders. 

Samples were taken from a surficial part of the till and the heavy fraction was concentrated by sluicing 
and panning for chemical analysis by XRF. Selected samples were investigated mineralogically with the aid 
of scanning electron microscopy and an electron microprobe. 

As a result, a glacial dispersal train of chromite was found which is exceptionally long by Finnish 
standards. The source rock turned out to be the Kemi chromium ore, already discovered inl959, one of the 
largest chromite deposits in the world, which is situated over 100 km northwest of the chromite ore 
boulders. The chromite anomaly in the heavy till fraction extends in a coherent form for 80-90 km to the 
southeast, the direction of ice movement, and up to 120 km in a discontinuous form. The dispersal trdin is 
so Long that it must have been generated during several successive glaciations. The fact that the sub
outcrop of the Kemi chromium ore is broad wilt also have contributed to the length of the dispersal train, 
as has high resistance of chromite to chemical and mechanical weathering. 

The results of the survey also shOwed that the Last ice flow phases were highly important for the dispersal 
of surface boulders, although the average direction of successive ice movements is the most important factor 
when considering the transport of the whole till material. 
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ORE-RELATED AlTERATION AS A GUIDE IN BOUlDER PROSPECTING 

William 0. Karvinen 
W.O.KARVINEN & Associates Ltd., 32 Lakeland Pt. Or., Kingston, Ont. K7M 4E7 Canada 

Ore-boulder prospecting, particularly in glaciated terrains, has been successfully used in locating 
ore deposits especially in Scandinavia and Canada. But, because economic concentrations of mineralization 
tend to be relatively small compared to other rock-types and generally have limited exposure to 
mechanical/chemical weathering, the representation of ore material in the overburden, especially on or near 
surface, is restricted, To expand the effectiveness of boulder prospecting, methodology has been developed 
which makes use of the unique alteration assemblages associated with hydrothermal ore deposits. Such 
alteration zones are a few magnitudes greater in volume than the associated ores and therefore are 
represented in greater abundances in transported overburden. 

Several alteration types which are intimately associated with Archean base and precious metal 
deposits in the Canadian Shield of Ontario and Quebec have been documented and used with varying degrees 
of success in locating areas of mineralization. Examples are presented from existing mining camps as well 
as case histories of new discoveries. 

232 

A 
c 
If 



Some pros and cons of using the heavy fraction of overburden in 
geochemical exploration 

by: Y.T. Maurice 

Geological Survey of Canada 
Ottawa, Canada 

Because it requires more time to collect and to prepare for analysis, the heavy mineral fraction 
of overburden is more costly on a unit sample basis than the equivalent unseparated sample 
material (soils, glacial till, alluvium, etc) commonly used in geochemical exploration. Yet 

· mining companies and prospectors increasingly include heavy mineral sampling in .C.eir 
exploration programs. Thls is partly the result of the shift, in the mid-80s, in the then current 
and forecasted long terrn demand for mineral substances, away from base metals and more 
towards precious, strategic, and high-tech materials. Another likely cause is the realization 
that the heavy mineral approach has a number of distinct advantages over more conventional 
techniques and provide a more sensitive mean of detecting the increasingly-difficult-to-find 
ore deposits. This paper is based on nearly ten years of accumulated experience on heavy 
mineral geochemistry, mostly in the Canadian Appalachians. 

Most of the advantages of using heavy minerals in geochemical exploration can be 
summarized as follows. 
Heavy minerals provide: 

I. a substantial lowering of the detection limits for all the elements that make up the 
heavy mineral suite, 

2. greater representativity of the samples due to the larger volume of original material 
processed, 

3. geochemically less complex samples which facilitates data interpretation, 
4. more opportunities to study anomalous samples using a wide range of follow-up 

techniques based on mineralogy and mineral chemistry. 

Some of the drawbacks include: 
a. higher cost per sample, 
b. requirements for more elaborate field and sample preparation procedures and 

facilities, 
c. interferences when using certain techniques of analyses (e.g. XRF, INAA) which 

often result in a loss of sensitivity, 
d. limited usefulness for certain impoitant metals types (including some base metals) and 

pathfinder elements, 
e. loss of potential information resulting from a geochemically simpler sample. 

Other often-cited problems with heavy minerals, such as greater sensitivity to metallic 
contaminants and insufficient heavy minerals due to low heavy mineral content of overburden 
in some areas, rarely constitute serious impediments to the technique and can generally be 
overcome by simple means. 
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GEOCHEMICAL FEATURES OF SCHEELITES RJR PROSPECTING OF TUNGSTEN 
DEPOSITS 

J.L.Nikolaev, A.G.Gurbanov, V.J.Rekharsky. 

Institute Ore Deposits Geology, Petrography, Mineralogy and Geochemistry, 
USSR Academy of Sciences, Moscow, USSR. 

Scheelites of the North Caucasus Bolshoy Blib deposit of quartz-scheelite type related to diorite
plagiogranite association presumably of Precambrian age, are higher in Cr, Me, Sr, Pb, K and Rb than 
scheelites of the same type North Caucasus Kti-Teberda deposit related to diorite-granite association of 
Late Paleozoic age enriched in Sb. 

Scheelites of the North Caucasus Ojimidon polymetallic deposit are related to diorite-granite 
association of uncertain age (PZ3- Il?) and concentrations of Cr, Mo, Sr, Pb, K and Rb in them are 
decreasing with the increase of Sb contents. Geochemical features of scheelites of the Jasenie-Cista depo
sit in Czechoslovakia (quartz-scheelite type) resemble those of Kti- Tebera deposit. 

In vertical section of Kti-Teberda deposit scheelites of the upper units are enriched in Mn, Sn and 
Pb while those of the lower units in Cr, Fe, Na, Si, Sa, Li and K. 

These results can be used for prospecting and search of scheelite and scheelite-bearing deposits 
of different age and origin and also for estimation of their erosion level. 
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GEOCHEMICAL METHODS RlR SHELF PLACEHS SEARCHING 

Patyk-Kara N.G. 
Institute of Ore Deposit Geology, Petrography, Mineralogy and Geochemistry of the USSR Acad. of Sci., 

Moscow, USSR 

Geochemical methods make it possible to get a direct express information about ore mineral 
accumulation in coastal shelf zones. They are based on the study of elements of lithologic-geochemical 
background and elements of ore paragenesis proper. It was noted that buried and submerged placers in the 
coastal shelf zone are associated with contrast geochemical anomalies. The composition, length and stability 
of the anomalies is determined by the nature of primary feeding sources and the evolution of sediments. 
Being a variation of mechanical flows belonging to a slime class, the shelf placers are associated with 
disperse aureoles and flows in aleuritic, pelitic and subcollodial fraction of the sediment. In the 
destruction zone, for example, on the abrasive platforms, the aureoles primarily have a mechanical nature; 
over buried placers saLt, sorbtion and some other aureoles are formed. They all have a vertical development. 
In the both cases the nowadays active layer is an important geochemical barrier zone to intensify a signal 
about buried ore accumulations. 

The geochem1cal study of the nowadays active Level of the bottom placers allows us to discover 
potential placer (ore placer) joints with buried and submerged placers and fields of deposits. In the cut 
of metal bearing sediments by means of geochemical methods we can draw an outline of placers. We can also 
determine the type of the cut and Level of primary source cut according to the composition of the associated 
complex lithologic-chemical anomalies. 
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GEOLOGICAL EVOlUTION OF PLACERS 

Patyk-Kara N.G. 

Institute of Ore Deposit Geology, Petrography, Mineralogy and Geochemistry of the USSR Acad. of Sci., 
Moscow, USSR 

Placers are traditionally regarded as a product of simple mechanical differentiation. But the modern 
theory of placers is about diffusion and concentration processes of ore substance on the geochemical Level. 
You cannot avoid studying the geochemical level to develop the theory of placers and to improve methods of 
prospecting and Searching of placers. 

From the point of geochemistry all the placers are divided into two big groups: near drift placers 
(having a local primary source) and far drift placers (they appear after numerous residementation processes 
of regional source substance}. The main tendency for the occurrence of the first group can be formulated 
as "Concentration on the way to diffusion". As far as the second group is concerned, an absolute 
concentration of raw components takes place in relation to primary rocks. 

The geochemical evolution of placers has several aspects. The first one deals with the level of ore
fonmation processes. It comprises the analysis of transformation of ore substance of placers depending on 
a tectonic-geomorphologic evolution of the region with the consideration to cyclicity and irreversibility 
of placers formation processes from stage to stage. The second aspect covers the problem of concentration 
and diffusion of the substance in placers under the influence of various factors, that determine the level 
of source cut( a reflected geochemical zonality of placers). The third aspect is the study of geochemistry 
of placer formation processes in definite sedimentation environment. The fourth aspect concerns the analysis 
of placers from the point of various mechanical flows of diffusion. Here local facies, Lithologic-dynamic 
and structural environments act as gravitation geochemical barriers that can change migration conditions 
and raw mineral concentration. The fifth aspect is the study of secondary aureoles and diffusion flows, 
appearing in the process of postsedimental changes in metal-bearing sediments and used as most important 
measures for prospecting and searching of buried and submerged placers. 
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ON THE MODE OF OCCURRENCE OF ZINC IN GLACIAL TILL AND ITS APPLICABILITY 

TO THE USE OF HEAVY MINERAL GEOCHEMISTRY TO SEARCH FOR ZINC ORES 

Vesa Peuraniemi, Department of Geology, University of Oulu, 90570 Oulu, 

Finland 

Economically the most important zinc-bearing mineral in zinc ores is 

zinc sulphide, or sphalerite, which is readily decomposed in a 

surficial, oxidizing environment to release zinc ions into the 

circulating water. In glaciated terrain, till samples taken from deep 

down near the bedrock surface, often below the groundwater table, can 

contain glacially dispersed primary sphalerite. Since it is usually the 

fine fraction rich in phyllosilicates and secondary iron hydroxides that 

is most often analyzed in till geochemistry, the hydromorphically 

dispersed zinc can also be identified. 

On the other hand, heavy mineral geochemistry, in which the samples are 

usually taken from the surficial part of the till, is not regarded as a 

reliable means for searching for zinc or other sulphide ores. It is 

widely believed that the glacially dispersed sphalerite has decomposed 

in the oxidizing surficial parts of the till deposits during postglacial 

times. The present survey deals with the mode of occurrence of zinc in 

till in four areas in Finland where anomalous zinc concentrations have 

been encountered in the surficial parts of the till. 

A primary sphalerite has been found in the surficial part of the till in 

the Ylikiiminki area, the reason for this being that the area is flat 

and the groundwater level high, so that also the surficial parts of the 

till are quite moist in places and postglacial weathering has not caused 

decomposition of the glacially dispersed sphalerite. 

In the Leteensuo area a zinc anomaly fan was 

samples · from the surficial parts of the till, 

found in heavy mineral 

but no sphalerite was 

identified. The samples also contained iron and manganese anomalies. The 

interpretation is that glacially dispersed sphalerite was decomposed and 

the zinc ions liberated by this immediately became bound to Fe-Mn 

hydroxides. 
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A zinc anomaly in the surficial part of the till in the Saajanmaki area 

led to the discovery of a sphalerite mineralization. Some sphalerite was 

also found in till samples, but some had evidently been decomposed, 

generating secondary iron sulphate, melanterite, as a result. 

Melanterite can still contain some zinc in its lattice. 

Heavy mineral samples with zinc anomalies obtained in the 

Kataloistenjiirvi area contained no sphalerite, and the anomaly was found 

to be caused by a green, entirely fresh mineral identified as zinc 

spinel, gahnite, which occurs in connection with sulphidic zinc ores, so 

that it can be regarded as an important indicator mineral. 

The sulphide-bound metals Zn, Cu, Pb, Ni, Co should also be analyzed in 

regional heavy mineral geochemistry surveys, and if anomalous metal 

concentrations are found It may be rewarding to look into the mode of 

occurrence of these metals. 
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HEAVY MINERAL PROSPECTING IN THE JiORTl!-IVEST PART OF BOHEMIAN MASSIF 

Simek Jo, Geoindustria Praha, Czschoslovakia 

Reconnaissance heavy mineral prospecting covered up to this time more than 70 % of the 

Czech republic /eogo 5J 500 sqokm/o The last project was finished in 1986 and covered the 

area of the Geske stredohori /the Czech Midmountaina/ Wld contiguous areas in the north-vrest 

part of Bohemian massifo 

The area of interest is represented by various type~ertiary volcanites, platf~rm ~ 

diments of cretaceous and neogene age, not very large islets of Paleogene System, porph~ 

o~ permocarboniferous age and, in lesser extent, the rocks of crystalline complexo 

In this area of about 2 600 sq.km the set of 2. 654 heavy mineral samples were taken 

from active recent stream sediment$ eogo the density of sampling was about 1 sample/sqokmo 

Then sieving followed (2 mm sieves) and -2 mm fractions vrere panned. Ne~t laboratory pro

cessing included 1 sieving into -2 + 0,15 mm and -0,15.aubfraetions~ magnetic separation 

and separation in heavy liquids of the former and, finally, colouring testiJ for barite, cas

siterite and \VDlframiteo The -2 + 0,15 mm fractions vrere analysed in mineralogical way, eogo 

the contents of present minerals were estimated in grams/cuomo The fine fractions (-0,15 mm) 

\~re pUlv~ri~ed and, using optical emission spectral analysis, the concentrations of 17 ele

ments (Ag, As, Au, Bi, cu, Hg 11 La, Mo, Nb, Ui~ J?b, Pt, Sb, Sn~ W, Zn and Zr) were estimated., 

After statistical eiraJ.uation the anomalies of oaasiterite, soheelite, wolframite, pyri

te, ohnlcopyrite, gold, barite, pyrope and topaz (111 anomalies together) \~re delineated as 

probable source areas in the colour-printed distribution maps of 1 1 50 000 scaleo In addi

tion, the distribution maps of apatite, perovskite, light-green monoclinic pyroxene and 

cr-diopside (in the same scale) were delineated; these minerals (and namely pyrope, pioZ.o

ilmenite, or-spinel, olivine etoo) are knovm as the pathfinder minerals for diamond occu

renceso Unfortunately, diamonds were not f'ou.nd in any sample. 

The distribution maps of selected minerals and/or chemical elements (1 1 200 000 ecale) 

ware plotted by means of aomputero The most interesting and contrast are extensive anomalies 

of bloody-red pyrope, some anomalies of scheelite, cassiterite, topaz and baritea 

Generally, the pyrope anomalies are associated with higher contents of Cr-diopside, 

light-green monoolinio pyroxene and/or perovskiteo Some of these anomalies are of similar 

association type as the contrast one in the surroundings of Tiebivlice, which reflects the 

lmown and mined py:rope gravels, 

As for cassiterite-soheelite anomalies, there was very contrast one delineated in the 

south-aest surroundings of Teplioeo Its significance is stressed by the presence of coarse 

-grained and angular cassiterite, high contents of topaz and some elements such as Sn, Mo, 

Bi, Zno Tb.e minereJ. as.eocia.tion corresponds to the near-by anomaly between well lmown Ci

noveo and Krupka deposits .. 

Barite, in contrast to the other nUnerals of special-interest, makes up highor namber 
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of the more extensive anomalies, which are situated along the fault system of NE-SW direction. 

It is possible, th~t some of the barite anomaliesreflect the existence of the neoidic barite 

(+fluorite) mineralizationso 

The associated anomalies of two types were delineated on the bassis of single elements 

distribution: 

1o Sn- W (* Mo, ± Bi) type of association, which can be stressed by higher concentrations 

of Zn and/or Pb, Ag; and 

2o .Pb - Zn (;;!;: cu., :1; Ag) typ-e of association, with higher concentrations of Sb, As., but even 

Bi, Mo in single anomalieso 

The distribution mapa of single rook-forming minerals (1 1 200 000 scale as well) 

served among others as the basis for delineation of mineral association fieldso The oompra

ring of these mapa with the geological situation made possible to delineate four b~sic mi

neral associations; each of them oharaoterizes distinct lithological environment: 

- association of heavy minerals indicating volcanite oocurances 

- association of heavy minerals of pennocarboniferous rocks 

- association of heavy minerals of neogene basins, and 

- association of heavy minerals oorrespoding to the crystalline complex 

The map of industrial pollution indications is the final output of evaluation of metal 

and non-meteJ. human activity fragments in the aampleso There were found three subregions 

with significant poll~tion of stream sediments, alltogether in the surroundings of the indu

strial centreso The moat aignifificant is the relation between non-metal pollution and glass 

industry, accentuated locally by higher concentrations of Hg and/or Au, lib":' and Pb. These 

results confirm the applicability of the method also in environmental studies, 

References: 

Dolezalova et alo /1986/: D:iJ.Ci zaverecna zprava Ukolu "Severoceske vulksnity". - MS Gao

industria Jihlava 
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SOME CRYOGENIC GEOCHEMICAL ANOMALIES OF GOLD ORE DEPOSITS IN BALD HOUHTAlNSi 
TAIGA LANDSCAPES IN SIBERIA 

T.T.Taisaev 
Geological Institute, Buryat Research Center of the Siberian Branch USSR Academy of Sciences, 

U lan-Ude, USSR 

Active cryogenic transformation of gold deposits and their preglacial oxidation zones, caused by 
repeated phase transformations and presence of non-freezing pellicular water, occurs in the cryolithic zone 
of Bald Mountains - Taiga landscape of Middle Mountains. Moreover, large gold grains separate, but thin
dispersed gold changes into solution. Gold-quartz low-sulphide veins incorporate Archean-Proterozoic gneiss 
fault and are subjected to post-ore mechanical splintering. Coarse-grained free gold from quartz and 
sulphides (class -2,5+0, 1) accounts for 50-70% of general content in the cryogenic zone of the vein 
disintegration. Residual concentrations of coarse gold represe~ted by elluvial halos and placer deposits, 
formed in the upper parts of slopes over vein outcrops by the regular transport of fine products of 
weathering and fine gold, represent the source of alluvial placers. The gold concentrations in the elluvial 
haLos are 1,5 - 5 times greater than in primary ores. Horizonts of surface gold enrichment are formed in 
cryogenic and pre-glacial oxidation zones. Fine-grained gold forms secondary aureoles, fluxes and gold
bering sediments in subpond reservoir. Open suffosional gold aureoles are typical in the foot of rock stream 
stapes. Gold is sorbed from gold-bearing water by clay, ferric hydrate, peat and falls on native gold an 
platforms of river valleys. 

Cryogenic zone of sulphate and oxide oxidation is distinguished over gold-sulphide ore in Paleozoic 
black schists. Apart of original minerals (pyrite, pyrrhotite, chalcopyrite, galena), goethite, 
hydrogoethite, jarosite, melanterite, malachite, and azurite occur. In cryogenic zones of fractured sulphide 
ores, great number of soluble metallic salts transfer to the surface with pellicular water in winter. 
Oxidized ores are accompanied by cryogenic saline anomalies. Mineralization burried under solifluction 
sediments is indicated by contrast water, biogeochemical and little-contrasting lithogeochemical gold 
anomalies. In ferrigenous sediments and peats of Law moors and water-bearing fault zones as in arboreous 
and shrub vegetation on the gold anomalies are informative. lichen, the predominant kind of vegetation of 
bald mountain landscapes, concentrates gold drastically. 

Thus, the conjugate cryogenic mechanical and saline {lithochemicaL, water and biogeochemical) gold 
anomalies are farmed in the zone of gold ore deposits cryogenesis. The cryogenic cores of weathered gold
quartz veins are the source of elluvial and alluvial placers in subpond reservoirs. The lithochemical stray 
fluxes are connected with fundamental sources and Late-Pleistocene gold-bearing glacial and fluvio-alluvial 
sediments. The weak lithochemical stray fluxes of gold intensify by moss and plants aleurite testing along 
the river-bed flux and are distinguished by contrasting biogeochemical anomalies. 
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THE GOLD PANNING EXPLORATION IN TilE EASTERN PYRENEES AND 
CATALONIAN COASTAL RANGES (NE SPAIN) 

M. ViladevaW, J. Marturil~ .. F. Espiell*"', G. Camacho • and A.Uobet • 
n Dept. of Geochemistry, Petrology and Geological Prospecting. Zona Universitaria de Pedratbes 08028 
Barcelona, Spain. { ... ) Dept. of Chemical Engineering and Metalurgy. Zona Universitaria de Pedralbes 08028 
Barcelona, Spain. 

The panning surveys covered an extension of 9500 km2 In the Hercynian materials and were made in 
1986, 1987,1988 and 1989. A total of 450 panning concentrates were made in the Catalonian Coastal 
Ranges (CCR) with the supper! of the Geological Survey of Catalonia; 73 in the CCA and 280 in the Pyrennes 
with support provide by the ~comisi6n Asesora de lnvestigaci6n Cientllica y T9cnica (CAICYTr, Ref.PB86-
0023 . 

The major content of gold comes from the rivers draining from the Axial Pyrenees (fig.1), principally 
the Segre River (Viladevall, et. al.,1989): the Tar River; and the Orlina River. However, in the CCR. the most 
Important area Is the Tordera River In the Montseny Massif.AII these were very likely workered in the 
Middle Ages and possibly already In the Roman period. 

The primary source of gold proceeds from the Cambrian-Ordovician siliciclaslic rocks, paleoplacers 
of the Silurian and Devonian age, epithermal volcanogenic gold deposits of the Permian age, Hercinian As
Au lodes or/and Hercynian skarns deposits. The secondary sources proceed from the Quaternary tills. 

The average particle content In 10 litres ranges from 2 to 3. The richest zone found Is in the Segre 
River with a maximum of 3g per m3. The silver content in the gold particles varies from 13.9 pc t to 3 p~ t 
on SME·EDS (Vaquer, et. al., 1989) In the Axial zone and the Tordera River . In the lower parts of the rivers 
the silver content varies from 6~ ~ to 3 p<.t on SME-EDS. 

References: 
Vitadevall, M., Serra, J., Espial!, F., Colombo, F., Canals, M., Camacho, G. & Marturict J./1989/: "The gold 
placer of the Segre River (Catalonia, NE Spainr. 4th International Conference on Fluvial Sedimentofogy. 
Barcelona. October 1989, pp.237. 
Vaquer, R., Espiell, F., Viladevatl, M. and Camacho, G./19891. "Determination of the Au/Ag ratio in gold 
particles by SME-EDS". Gold 89 In Europe. Toulouse Mai 1989 . 
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JllQ.GEOCHEMICAL GOLD EXPLORATION IN THE OLD RIG ART RIVER MINE IN THE PYRENEES 
CCATALONIA.NE SPA IN> 

G, Camacho •• F, Espiew• and M, Viladevall . 
(•) Dept. of Geochemistry, Petrology and Geological Prospecting . Zona Universitaria de Pedralbes 08028 
Barcelona, Spain. (•• ) Dept. of Chemical Engineering and Metalurgy. Zona Universitaria de Pedralbes 08028 
Barcelona, Spain. 
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Recent research in the old As-Sb-Cu (Au,Ag) mine in the Oriental Pyrenees (Catalonia, NE Spain), 
shows an anomalous content of silver and gold in the plant waste and mine waste. Fig .1. 

Samplings were from the bank waste plant, bank waste mine, the soil forest track, the terrace of 
the Rigart River which is beside the bank waste plant, and leaves from some trees which grow in the bank 
waste plant. 
Results: 

The analytical method was the AAs graph ite furnace for gold and silver and INAA bay gold and 27 
other elements.The gold and silver content in the bank waste plant is 65 ppm and 200 ppm respectively. 
The gold content in the bank waste mine is 7 ppm and the gold content in the soil forest track beside the 
old mine range from 1.5 ppm to 21 ppm. (Fig.1.) 

The gold content in the oak leaves varies from 260 ppb to 6 ppb in three samples taken in November, 
July, October and November (1988-1989); the pine varies from 26 to 21 ppb; the poplar from 125 ppb to 4 
ppb; and the alder between 58 ppb to 15 ppb. (Table 1.) 

METAlliC CONTENTS IN LEAVES OF OAK PINE POPLAR AND ALDER TREES ITabla 11 . . 
I Novambor 1988 I I Ju ly19811 I I Novombo r1989 J !October 111891 

I oak plno poplar alder Ol k plna poplar alder oak pin a popler elder oak 

Au ppb 210 28 125 51 I 11 4 15 94 21 10 28 24 

A• ppm 228 31 75 41 4 36 5 11 88 37 7 19 12 

Sb ppm 311 • u 12 2 8 2 4 15 7 3 7 8 

Zn ppm 80 54 188 83 22 35 .. 55 3 2 31 es 63 33 

Co ppb 540 280 141 460 - 380 510 200 - 900 - -
L• ppb 100 360 11 850 180 600 170 380 550 - -

The most constant gold contents, in the biogeochemical samples studied are found in the pine and the 
alder leaves. The oak and poplar show very unstable contents varying sharply according to season and 
weather. 

Full support was provied by "Comisi6n Asesora de lnvestigaci6n Cientffica y Tecnica (CAICYT)", 
Ref.PBSS-0023 
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ON THE GEOCHEMISTRY OF HEAVY METALS IN THE 
GEOHICROBIAl BARRIER SYSTEMS 

V.V.Oemidov, B.S. Kogan, 
Institute of Mineralogy, Geochemistry and 

Crystallochemistry of Rare Elements, 
Moscow 1 USSR 

It is accepted now that biogenic factors belong to the most effective ones for halo and ore 
formation process. At the same time however the mechanism of biogenic differentiation of metals in the 
barrier systems and the selectivity of biochemical interactions of microorganisms with heavy metals are 
insufficiently investigated. 

Our investigations of peculiarity of metallotransformation activity of autochthonous microorganisms 
of geomicrobial barrier systems discovered that the biochemical interactions are selective ones not only 
to the sort of metal associated anions. The estimations display high efficiency of dissoLVed heavy metals 
by selective formation of precipitated metalloorganic flocculs. Thus, the discovered selective biofloc
cu lation together with the1 r earlier displayed processes of electoral cot loid:..biogenic aggregation and 
biocoalescence are the powerful mechanisms for differential concentration of dissolved and colloidal farms 
of heavy metals. 

The results obtained make the frame work for quantitative physic-chemical and physicomathematical 
modelling of processes of geochemical differentiation of metals on such biochemical barriers. They allow 
to estimate the role of metal lophi t ity of microorganisms for formation of complex geochemical halos in 
metalliferous sediments. Selectivity of interactions of microorganisms with the concrete metals explains 
zonal deposition of cobalt, nickel, copper, cadmium and other heavy metals in organometallic fractions of 
organomineral beach deposits. 

We have modelled experimentally the processes of autocleaning of waters from heavy metals on the 
river-marine barrier. Regularities of this mechanism may be used for the governing of barrier geochemical 
processes and serve as a test-signs in the geomicrobiological and ecogeochemical investigations. 

Several ecological aspects of microbial-metal interactions in geomicrobial barrier systems are also 
discussed. The possible consequence of environmental pollutions by heavy metals, for example, the increase 
of the beach abrasion and the raise of pathogenity of marine microorganisms as the results of violation 
of ecological equilibriums on the Level of microbial population are drawn. 
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BIOGEOCHB41CAL EXPLORATION FOR NOBLE METALS IN WESTERN CANADA. 

Colin E. Dunn, Geological Survey of Canada 

Much of western Canada is rugged, mountainous, and heavily forested with coniferous trees 
characteristic of temperature latitudes. Exploration for the noble metals is hampered by both the physical 
environment and a cover of glacial deposits. Recent studies have attempted to characterize the efficiency 
of these trees in absorbing metals derived from deposits of the noble metals, and thereby established the 
value of each plant species in helping to discover mineralization. 

To date there has been only limited success in applying biochemical methods to the exploration for 
the platinum group metals (PGH). The Tulameen mineralization comprises mainly Pt and Ir associated with pods 
of chromite contained within serpentinized dunite. Weak enrichments of Pt (up to 30 ppb in ash) have been 
observed in the bark and twigs of Douglas-fir (Pseudotsuga menziesii) and lodgepole pine (Pinus contorta), 
and in the foliage of western cedar (Thuja plicata). The small flower Er1ogonum ovalifolium also contains 
slightly elevated levels of Pt. Data on Pd, Rh, and Ir indicate lower concentrations than Pt with no 
consistent patterns of enrichment in the species studied. 

Considerably mare success has been obtained in studies of Au. In general the twigs and outer bark 
of the conifers contain appreciably more Au than other tissues. Levels of up to 3000 ppb Au in ash have been 
found near zones of Au mineralization, demonstrating that there is significant enrichment with respect to 
the 10 - 20 ppb Au that represents background concentrations in ash. 

Around the Nickel Plate mine, contained in skarn-hosted Au mineralization in southern British 
Columbia, Au concentrations are enriched in outer bark of Lodgepole pine throughout an area of 100 sq. km. 
Distinct patterns of metal enrichment {notably As and Bi) in the bark appear related to the mineralogy of 
the deposits. The area of enrichment of each element is different, and tests indicate that the patterns 
observed are not a result of air-borne contamination. 

In the central part of the Province a survey was undertaken to examine the feasibility of exploring 
for Au by collecting tree tops for analysis. The procedure, which involved leaning out of a helicopter to 
snip off the top 1m of Douglas-fir trees, proved a practical and cost-effective method of quickly screening 
rugged of heavily-forested terrains for the mineral potential of the ground. Results indicated a 10 to 100-
fold enrichment of Au in tree tops near the undeveloped zone of mineralization. 

Another study compared biogeochemical and lithogeochemical data and showed a considerably larger 
zone of Au and As enrichment in western hemlock (Tsuga heterophylla) and Pacific silver fir {Abies amabilis) 
than in the bedrock. In the steep terrain of this survey area, groundwaters caused significant dispersion 
of metals down-slope from the deposit, providing a much larger biogeochemical target than that of the 
bedrock chemistry. This phenomenon of large biogeochemical haloes of metals around mineral deposits provides 
a sound reason for including biogeochemistry as an integral part of an exploration program. 

245 



RELATIONS BETWEEN THE HYDROCARBON GENETIC FEATURES OF KEROGENS ANO THEIR BIOLOGICAL 
PRECURSOR MATERIAL 

M. Hetenyi and M. Kedves, A. J6zsef Unive~sity, Hungary 

Hydrocarbon genetic features of organic rich sediments derived from different bio
logical precursor materials were studied on some Hungarian fossil fuels (oil shales and 
low-rank coals). 

Type and thermal maturity as well as hydrocarbon potential of the kerogens were 

determined by Rock Eval pyrolysis. Immaturity of organic matter of the investigated 
samples offered a possibility to simulate their catagenesis and to measure their liquid 
hydrocarbon potential by laboratory thermal degradation. 

Alginites formed in Upper Pannonian maar-type volcanic crater lakes and the organic 
rich sediments deposl ted in Upper Triassic lagoons (Sol ti, 1985; Knutson et al., 1989), 
contained kerogen very favourable to produce hydrocarbons. Their biological precursor mate
rial was mainly Botryococcus. braunii algae of different preservation. Absence of the 
benthic organism in the anoxic bottom water permitte~ a good preservation of algae. 
It led to kerogen of type I with very high hidrogen index (HI> 750mgHC/TOC) and good 

conversion ratio of organic carbon (PC/TOC=65-70%) as well as an excellent liquid 
hydrocarbon potential ( > 750 mg/gTOC). At the same time the kerogens originating from 

Botryococcus braunil algae which was extensively reworked by microorganism proved to be 
of type II (HI=S00-600 mgHC/TOC; PC/TOC=45-50 %), and their liquid hydrocarbon potential 
(290-450 mg/g TOC) seemed to be a moderate one. 
Kerogen of type II with lower hidrogen index (350 mgHC/gTOC), PC/TOC ratio (33 %) and 

liquid hydrocarbon potential (290 mg/gTOC) filled in a maar-type volcanic crater lake of 
special biological activity. Its organic material consisted of a mixture of land derived 
higher plants and algal material. In addition to the considerably reworked Botryococcus braunii 
algae sporomorph assemblages were identified in good preservation. 

Kerogen of type III and type II were found in low-rank coals made essentially of 
plants of terrestrial origin. Miocene lignites (HI<l50 mgHC/gTOC, PC/TOC<.J.S'o) derived 

from subtropical swamp vegetation produced a small yield of liquid hydrocarbons (<100 mg/g 

TOC). Eocene brown coals(HI=lSD-320 mg HC/gTOC; PC/TOC=l9-30 %) originating from tropical 
vegetation had fairly high liquid hydrocarbon potential (l00-310 mg/gTOC). Comparing the 

to the re-parameters measured by Rock Eval pyrolysis and the yield of pyrolysate 

sults of other works (Mukhopadhyay et al. 1989; TeichmUller et al., 1983) the studied t~io-

cene lignites could be classified as humic coals and the studied Eocene brown coals as mixed 
ones. 

Due to the dissimilar depositional environments kerogens could have different 
hydrocarbon genetic features. Brown coals deposited in periodically inundated Fagaceae 
semiterrestric swamp seemed to be very similar to the kerogen derived from a mixture of algal 
material and terrestrial higher plants (yield of pyrolysates=309 mg/gTOC). Whereas, brown 
coals formed in a swamp rich in Ericaceae shrub were nearly as unfavourable for liquid 
hydrocarbon generation (105 ~g/gTOC) as Miocene lignites. 
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BIOGEOCtiEMICAL METHOD OF TIN ORE DEPOSIT SEARCHINGS IN lliE FAR EAST 

IVASHOV P.V. 
Institute of Water and Ecological Problem of the Far East Branch of the USSR Academy of Sciences 

USSR, Khabarovsk 

For the purpose of establishing a possibility of biogeochemical indication of tin mineralization 
many practice and methodic tests were carried out at various tin deposits and tin ore manifestations having 
different genetic types in the Far East such as: 1) quartz-cassiterite, 2) sulphide-cassiterite, 3) 
sulphide-stannite-cassiterite, 4) cassiterite-polymetallic, 5) cassiterite-skarn, 6} cassiterite-pegmatite, 
7) cassiterite-greisen, 8) cassiterite-placer. 

It was found that in all cases tin ore manifestations represented generally by cassiterite were 
fixed by biogeochemical aureoles of tin dispersion according to data obtained by analysis of plant ash. 
Biogeochemical tin anomalies corresponding spacely to epicenters of tin ore bodies or mineralization zones 
are distinctly marked out among some dispersion aureoles. Contrast of biogeochemical tin anomalies ranges 
from 2 to 300 when the content of this metal is equal to 0,001% and contrast coefficients are dependent upon 
deposit genetic types and intensity of tin mineralization. 

Tin content of plant ash in the Far East species spread in the places of tin deposits in comparison 
with plants clark equal to 0.0005% (Vinogradov, 1954) is 4-600 times greater which is indicative of a high 
degree of accumulation of this metal by plant species. Such lower plants as Bryophyta, Cladonia, Lycopodium 
and some species of higher vascular plants as Carex, Pteridium and Artemisia have the greatest tin content. 
Coefficients of tin biological absorption vary from 0.1 to 16.6. It must be that tin absorption by plant 
is the greatest one in deposits with fine-dispersed and microcrystalline cassiterite and also in such tin 
ore manifestations where tin mineralization contains except cassiterite, the other mineral - stannite. 

Tin capacity of accumulation by plants at all climatic zones of the Far East seems to be indicative 
of unknown yet biogenic features of this chemical element - heavy metal which is not influenced by 
biological systems regardless of literature information. 

The experience of working out scientific foundations and practical ways of biogeochemical method 
for indication of tin mineralization testifies the fact that: 1) as a rule natural tin mineralization is 
fixed by biogeochemical aureoles of tin dispersion and its associated chemical elements-indicators, in 
particular lead, copper, zinc, silver, bismuth, scandium, boron, beryllium, arsenic, antimony, fluorine, 
tungsten, gallium, lithium, 2) biogeochemical tin anomalies are characterized by high contrasts and also 
on such ore manifestations, where mineralization is completely represented by primary hypogenic cassiterite 
which is very stable to chemical erosion in hypergenesis zones, 3) tin does not make false biogeochemical 
anomalies not connected with tin mineralization, 4) biogeochemical tin anomalies on the steep stapes of 
mountains covered by vegetation fix more exactly epicenters of tin ore bodies than t ithogeochemical 
(edaphic) anomalies. 
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THE MAIN MODELS OF THE BIOGEOCHEMICAL EXPLORATION FOR MINERAL DEPOSITS 

Kovalevskii A.L. 

Geological Institute of the Buryat Scientific Center, Siberian Division, Academy of Sciences 
Ulan-Ude, USSR 

It is offered to distinguish 3 main models of exploration by indicator elements in plants: litho, 
hydro- and atmobiogeochemical exploration (Kovalevski i, 1985, 1988). This division is based on the facts 
that in the concrete conditions the main sources of the biogeochemicaL haloes may be litho-, hydro- or 
atmogeochemical haloes of mineral deposits. These models have solid, Liquid or gaseous phases of indicator 
elements in the root-inhabited zone of soils and rock as the main sources of the biogeochemical haloes. The 
intensity of absorption of chemical elements by plants from these three phases may differ in hundreds and 
thousands times. The average intensities of this adsorption are related between themselves approximately 
as 1:3000:300000 (Kovalevskii, 1973-1989), 

The practical advisability of the division of these three biogeochemical exploration models is 
stipulated by the various depth of mineral deposits, first, This depth is 1-20 to 70 m for 
lithobiogeochemical, 20-200 to 1000 m for hydrobiogeochemical and from tens of meters to 1-2 km for at
mobiogeochemical exploration (Kovalevskii, 1984-1989). In accordance with the various sources of indicator 
elements in their biogeochemical haloes and also ltith the various depth of mineral deposits' revealing which 
is determined by the distance of the upward migration of chemical elements in a corresponding phase, methods 
of carrying out and especially interpretation and detailization by complex investigations of the revealed 
biogeochemical anomalies of these three types, have significant peculiarities. 

In the conditions when roots reach ore bodies and their primary and residual eluvial haloes, and 
the mineral composition of ores and their primary haloes in the various parts of deposits show no 
significant changes, lithobiogeochemical haloes of some ore elements (Me, Au, Ag, Be, Pb) in nonbarrier 
plant species and parts may be interpreted quantitatively. With the help of corresponding quantitatively 
infonmative bioobjects the probable contents of ore elements in native rocks and ores can be determined 
(Kovalevskii, 1979-1988). At the same time it is established that under conditions we have studied, the 
quantitative interpretation of the presumed ore tithobiogeochemical haloes of easily Leaching ore elements 
(Zn, Cu, for example) is not possible. The principal possibilities of the results of Lithobiogeochemical 
exploration quantitative interpretation in the practice of prospecting for minerals need to reveal and to 
investigate the conditions under which a close quantitative connection between haloes in the nonbarrier 
bioobjects and the ore bodies takes place. According to the factual data the quantitative interpretation 
of lithobiogeochemical haloes is possible when ecraning Loose covers have thickness up to 5-20 m. It is 
evident that the list of elements, tithobiogeochemical haloes of which may be interpreted quantitatively, 
will be significantly enlarged in the future. Methods of this quantitative interpretation demand elaboration 
for concrete geological and landscape conditions. The spheres of the practical application of these 
quantitative methods need special investigations, 

The quantitative interpretation of atmobiogeochemical haloes is considered to be unsuitable for the 
quantitative interpretation of the atmogeochemical haloes even for the direct indicators of corresponding 
deposits: Hg,F, S, Se, Rn, methane and other elements and the compounds which are gaseous migrants. The 
possibilities of the semiquantitative interpretation of atmobiogeochemical haloes are limited. They require 
special investigations. In the last years mercury-biogeochemical exploration for ore, nonmetal, oil and gas 
deposits achieved some practical significance (Kovalevskii, 1981-1989; Lukasl,ev, 1986; Radchenko, 1982). 
Atmobiogeochemical exploration for oil and gas deposits by hydrocarbon gases in plants (Stadnik, 1984) can 
be considered very prospective. 

In real conditions the main sources of biogeochemical haloes may be complex. It is relatively often 
observed the simultaneous influence of the solid and liquid phases of the indicator elements in a root
inhabited zone, i.e. the model of L ithohydrobiogeochemical exploration. 
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EJCBEOCHEMICAL HALOES OF GOLD IN VARIOUS SPECIES AND PARTS OF PLANTS 

!;o·Jale'JSkii A.l"., ~~ovalevskaya O.H. 

Geological Iro:>titute of the Buryat Scientifir: Center, Siberian Division, Academy of Sciences 
Ulan-Ude, USSR 

Gur results (J{ovalev::.;ki i, 1973-1989; Kovalevski i, Kovalevskaya, 1982; Kovalevski i, Prokopchuk, 1978) 
and the sum;narizing of numerous publications show that the intensity of gold haloes in plants and the 
effectiveness of biogeochemical exploration and prcspect1ng for gold deposits depend upon quantitative 
barrier characteristic (QBC) species ar.d parts of the plants -..1hich are used for sampling. 

The determinations of 194 S1berian blolog~c:..L obJects QBC show that only 33 bioobjects (17% from 
investigated ones) are quantitatwely-informatlve, r.onbarrier to high concentrations of gold in the root 
inhabited zone of soils, rocks and ore bodies. This first group of bioobjects includes cork of outer and 
middle cork Layers of almost all the investigateo species of trees and also some shruby and grassy plant 
sr.oots ar.j floor litter of some fore?,;: types. This grcuo of bioobjects is recorrvnended for the first turn 
sampling in b10geochemi cal pmspecti ng for gold ore deposits. It is very important that biogeochemical 
haloes of gold in nonbarrier plant specie::; and parts may give quantitative information about gold content 
in ore rodies ar.d their primary l ithogeochemical haloes which are ecraned by various allochthonous or slope 
loose co··ters cf !:1.11al~ (2-20m) thickness (1\o·:alr::·:sldi, Kovalevskaya, 1982). 

The majority (99 from 194 or 51%) of the investigated Siberian plant species and parts are included 
into the second group of practically r.onbarrier of hectabackground-barrier bioobjects. They are recQI1l'llended 
for sampling •;~hen biaobjects of the first group are absent. It is necessary to remember that the 
quantitative interpretation of gold ore biogeochemical anomalies and haloes is impossible when they are 
registered in the practically nonbarrier bioobjects. 

The revealing of not numerous (14 from 194 or 7%) background-barrier plant species and parts with 
lo1-J, close to Local backgrour.d L im1tir.g conter;ts of gr;ld above its ore bodies situated in the root-inhabited 
zone (Kava levsk i i , KovEHevska'/a, 1982) indicates the i mpo r i:ance of the bi oobjects · choice in exploration 
prospecting for gold ore deposits. Sampling of background-barrier uninformative plant species and parts is 
useless waste of time and money. That is why l'le do not recommend to use them for sampling in prospecting 
works. Such uninforarntive bioobjects must be "forbidden" for using in exploration and prospecting for gold 
ore bodies and deposits. It should be noted that according to Dunn's (1985) data such a background-barrier 
bioobject uninformatwe to high concentration of golc:J 1:" the rout-inhabited zone of soiLs, rocks and ores 
are twigs of alder (Alnus crispa) sampled frc;n mid June to mid September, 1984 and 1985, when they have 
stable goLd contents from 6 to 23 ppb. At the same t1me in mid April, 1984 these alder's twigs were 
informative with content of gold up to 250 ppb on the background of approximately 20-30 ppb. These data 
show that the QBC of gold in the young gro~.ing parts of plants and correspondingly the intensity of gold 
ore t;:~dics· bios;e,Jchemical hs.loes in thern may significantly change with time. At the same time in our 
inv::stigatron£; it >>'35 established t.hat in "old" suberinized and lignificated plant parts the contents of 
gold, the QBC ar.d the intensity of biogeochemical haloes are stable in time. It is evident that preference 
should be given to the old mnbarrier parts of plants in sampling for biogeochemical exploration for gold 
ore bodies and deposits. Gold is represented in mineral form as particles of native gold in the outer 
suberinized tree r:ork Layers (Kova .. e·Jskii, Prokopchuk, 1978). ~his is the main cause of the stability of 
its contents in these old parts of trees. It i~ established that in the green parts of plants gold is 
represented in water soluble ionic forms (Kovalevski i, 1976), Mineral forms of gold were not found in them 
by our special investigations. 

Biogeot'.nemicctl haloes of separated gold ore b'.Jdies in nonbarrier bioobjects of plants are usually 
very Local. fh::>ir ._,.~fith is comparable with the width of industrial gold ore bodies' outcrops and seldom is 
more thon 10-20 rn. Sometimes they are accompanied by the near-ore biogeochemical haloes of gold with the 
width .JP ·i;o the f;r~t hundred meters, These near~ore haloes are stipulated by wide ore-containing zones 
of h·,-drothermally-altt:!red rocks, which are enriched by mobile- fluid forms of gold. 

For the ci'oice of the most informative bioobjects in concrete conditions it is necessary to 
determine the QB\. of the de>111nant plant species· various parts in l'lell investigated deposits and gold ore 
occurrences with rich ore bodies, The reco~ended methods of QBC determinations are published (Kovalevskii, 
1976; Kovalevski i, Kovalevskaya, 1979). 
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BIOGEOCHEMICAL PROSPECTING FOR SILVER ORE LODE BODIES AND DEPOSITS 

Kovalevskii A.L., Kovalevskaya 0.1>1. 

Geological Institute of the Buryat Scientific Center, Siberlan Division Academy of Sciences 
Ulan-Ude, USSR 

At the first stage of investigations the bioobjects nonbarrier in relation to the high 
concentrations of silver in the soiL and rock root-inhabited zone were revealed. They are: the wood of old 
(including rotten) stubs of Pinus silvestris and Larix dahurica with the relative content (RCBO) taken as 
stardard- 1.0 and suberized pine cones from forest litter (RC80=0.1 correction x 10). 

DetaiLed biogeochemical survey was done on the area about 1.2 km2 with two known silver ore 
occurrences. The net of crossed profiles was used and the interval between probes along the profiles was 
1-5m. In order to secure such a small interval plant probes were sampled with the deviation from profiLes 
to 10-30 m, i.e. in the stripes of 20-60 m width, About 10500 plant probes and more than 2100 soil, rock 
and ore probes were investigated. The survey of plant pathology v~as done. 

A very intricated biogeochemical silver field in nonbarrier bioobjects was revealed and was partly 
contoured. Maximums of silver concentrations in stub wood ash were unique - to 1000-3000 ppm on the 
background of 0.5-1.0 ppm. After standardization with the help of plant-rock (PRC) and plant-ore (POC) 
coefficients this anomalous field became significantly simple and interpreted. More than 130 supposed near 
ore biogeochemical anomalies (SNOBA) of silver and 89 supposed ore ones {SOBA), mainly of the before unknown 
north-north-east direction, were revealed in it. They ~1ere divided into 9 geochemical types. The most 
investigated are the tree types: Lead-rich (Pb:Ag~3-30 to 100), lead-poor (Pb:Ag=0.4-2.5) and Lead-free 
{Pb:Ag=0.03-0.35, without statistically trustworthy Lead anomalies). In the north zone of thickening of 42 
silver SOBA 330m wide these three geochemical types form approximately symmetric zonality. The lead-rich 
SOBA of siLver are situated in the center· and the Lead less SOBA of siLVer in the periphery of this zone. 
Poor quartz-galena, quartz-galena, and quartz, sulphide-poor mineralization was consequently revealed during 
their ditching. 

SOBA with the silver concentrations of 70-3000 ppm are very Local. In ditching of SOBA under them 
practically without dislocation 3-6 silver ore bodies or the mineralized zone divided by oreless intervals 
were revealed. According to the preliminary data the biogeochemical probes of stub wood correspond to the 
channel probes of rocks and ores 2 m Long. 

In the east zone of thickening all of 35 revealed silver SOBA were displaced between 6 bulldoser 
ditches of 3-6m depth which were made for opening the soil-geochemical anomalies of silver and lead. The 
example of ttlis zone revealing shows that by the detailed biogeochemical prospecting on the 1:500- 1:5000 
scale may be revealed not only lode siLver ore bodies, but even silver ore deposits on the areas where the 
rare net of ditches and drilling cores has been made before. 

The majority of revealed SOBA is not accompanied by the soil anomalies (SA) of silver. In the 
revealed rare SA contents of silver were tens and hundreds time Less than in SOBA. In contrast SOBA soil 
anomalies of silver cannot be interpreted quantitatively with the geological prognostic resources 
evaluation. 

The studied part of the stiLl uncontour·ed ccmr.-letel:.' biogeochemical silver field may be pictured 
as a model of a distinctive wavy field. In one of the cross ~•ections three zones of silver SOBA thickenings 
are interchanged and contoured by the zones of their absence. This wavy Structure is seen more exactly when 
the complex of halo-forming elements {Ag, Pb, Cu, Zn, Hg, Cd, Na, Fe, Mn) is examined. This biogeochemical 
field model is similar to the wavy field of thickenings and dischargings of tectonic breaks which was 
described by V. V. Bogatski i ( 1986) . 

The data described testify that revealing and contouring the Lode silver ore bodies and the 
evaluation of geological prognostic silver resources in the mapped SOBA with the help of the non-barrier 
bioobjects in the studied conditions are possible. This method may be named as the nonbarrier biogeochemical 
prospecting (NBP) of the known and supposed silver ore deposits and silver ore fields. The concrete methods 
of NBP must be elaborated for various landscapes, geological and metallogenic conditions. By NPP it is 
possible to make the preliminary mineralogical conditions. By NPP it is possible to make the preliminary 
mineralogical and technologiCal mapping of silver ore deposits when the various geochemical types of silver 
SOBA are presented as it takes place on the area explored. 
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BRIOGEOCI~CAL METHOD - THEORY AND PRACTICE 

Gennady P~ Lapaev, Buryat ~eological Institute, USSR 

In the nearest decades the realization of the International Geochemical Mapping 
Project (IGSP 259) proposed by A.G.Darnley can play an appreciable role in the life of 
mankind and in particular for solving ecological tasks. For geochemical mapping of humid 
areas of the Earth briogeochemical method can become a basic geochemical survey method. 

The main point of briogeochemical method is studying chemical elements abundance in 
surface-waters by sampling bryophytes available in them. The following phenomena are the 

basis oi the method: 
I. Aquatic bryophytes having no roots absorb the dissolved chemical elements from 

their water surroundings through their entire surface and accordingly an element content 
of plant ash depends on chemical element content of mineral substance dissolved in water. 

2. Both geographic and ecological distributions of the aquatic bryophytes are wide. 
The bryophytes occupy abundantly practically all the streams and fresh lakes, lakelets 
and various basins, wells and sources in all humid areas· of the Earth from the humid tro
pics to the arctic and antarctic zones. 

3. Aquatic bryophytes are very tolerant to the high content of the trace elements 
in the environment and can exist even in mine waters. 

4. The bryophytes concentrate many trace elements very well. From the 26 elements 
studied only Cd, Li, Sr and Sn have been concentrated poorly or haven't been concentre

t ed at aJ.l. 
5. Aquatic bryoph;ytes are practically "non-barrier" plants. Anomalous trace elements 

content in bryophyte ash can be many hundred and thousand times higher than their back -
ground including such elements, as As, Sb, U, Od, Tl and Pb considered to be toxic for 
higher plants. 

6~ % ASH of aquatic bryophytes has a wide range of values (from 2-3 to· 25-30'#) and 

depends on water temperature* but does not depend on the level of water mineralization. 
The briogeochemical survey can be used for solving the following tasks: 

I. to locate mineral occurences and to estimate their range and chemical element 
composition; 

2. for ecological,aims- to estimate surplus/lack trace elements in the landscapes; 
to map technogene pollution; to create the basis for bryogeochemical monitoring of envi
ronmental pollution; 

3. to map the Earth crust substances on atomic level. 
The aquatic bryophytes are almost always more effective than the stream sediments. 

The bryophytes oan be successfully made use of for geochemical surveys even of the areas 
overlayed by loose deposits of thickness up to 200-300 m where stream sediments are prac
tically useless~ In general case, however, to receive the most complete and trustworthy 
information as the result of geochemical survey it is better to collect the samples of 
both the bryophytes and the sediments, the latter should be optimized and unified •. 

The method is practically simple enough. The technique of collecting and processing 
the bryophyte samples were worked out. The stock of the water migration of the elements 
is taken into account in the interpretation of the briogeochemical data. 

In the USSR the briogeochemical method has been made use of since 1972 only in Sibe
ria and in the Far East. The first practical usage of the method dates back to 1965-1966. 
In Yakutiya the briogeochemical surveys have been made of the area of more than IOOOOO 
k:m2 • The sample density was from 2-4 samples per I km2 up to I sample per 6-I5 km2 • The 
contrasting briogeochemical anomalies of As, Sb, Cd, Pb, Zn, Au, Sn, W, REE and other 
elements have been mapped~ The ore mineralization of Au, Sn, V, REE has been revealed. 
The results oi some briogeochemical surveys made under conditions of various landscapes 
are demonstratedg 
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STUDY OF TilE BACILLUS CEREUS~HYCOIDES~T!!UJUfiGIWSIS COl!i'LEX PRESWT IN AURIFEROUS SOILS 

Neybergh H.(l), 1-iourenu z.(2), Remacle J.(J), SHinr,s J.(4), Verrnes G.{5), Sulten E.(2), 

Champenois D.(2), Hambuckers-t>erhin F.(3), Kersters K.(L,), Vanhonaclter K.{4) et Verdonck L.(4). 

In previous articles, a relationship between gold bearing zones and their Dacillue cereus content 

has been noted {Pardhun and \/atterson 1984, Watterson 1985). This was confirmed by Neybergh and al.(1989). 

The aim of the present study has been to investigate this relationship further, focusing on the 

folloHing torit.M : 

- The distribution of positive bacilli lecithinase and the Au-As content in soils collected along profiles 

crossing auriferous quartz bearing veins. One profile studied in detail is presented in the graph below j 

it illustrates the distribution of bacilli, gold and arsenic in relation to the auriferous vein. 

- The identification of bacilli by fntty acids analysis and API 50 CllB system. 

- The resistance of the same bacilli against toxic ions (Au, Co, Zn, As and Sb) and 14 different antibiotics. 

These methods will allow a better understanding_ of bacterial populations in mineralized soils. 

The first results show a good correlation between the number of bacilli and the gold-arsenic content 

of the soils. Furthermore they seem to indicate that the Bacillus cereus-mvcordes-thuringienais complex 

contains several populations characterized by a particular antibiotics resistance pattern and a particular 

fAtty acid fingerprint type. 
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~ Assignment of the isolates to one of the 2 tatty acid groups distinguished within the Bacillus. 

// Between 1 and 25, shift of the profile. 
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EXPERIENCJ<; IN BIOC!!EMISTRY MET!iOD APPLLIED TO PROSPEOTING UNDER PERMAFROST 

Marina G, Opekunova, University of Leningrad, USSR 

Secondary biochemical zones developed under permafrost sho~ several peculiar features. 

The chemical composition observed from 18 species of plants from tOe Norilsk Plateau ref

lects underlying rock pattern, regular ~eatures of heavy metal lateral migration and spe

cific characteristice caused by their systematic position. Mean Bat Cr, Sr, Zr concentra

tions adopted aa the regional background are half again as little, wherea3 those of Ag, Pb, 

Zn, Y are 8 to 10 times less than the floral clare according to R.Brooks (1976) .. Ga and Mo 

contents are close to the latter, whereas those of Cu, Co and Mn are 2 to 5 and that of Ni 

is 10 times as much. Within copper-nickel ore occurences all plants are enriched in Cu, Ni 

Co and thl, reaching in some samples 271,180, 5 and 904 mg per kilogram of dry matter, res

pectively. The strongest concentration capability is shown by Betula nana L-, Salix lanata 

L., S.glauca L~ shrubs and Vaccinium uliginoeum L., Ledum palustre L. small shrubs. Heavy 

metal concentrations in the leaves of these plants are 2 to 4 times as high as in their 

branches. Among herbaceous plants high indicating capabilities are reported by Saussurea 

alpine (L.) DC (Aeteraceae), Silene paucifollia Ledeb. (Caryophyllaceae), Delphinium ela-

tum Lo (Ranunculaceae). However, paucuty and rare occurences of the latter prevent from 

their overall use in exploration biochemistry. Lichens are enriched in CU, Cr, Ni. Sta

tistic parameters have estimated unusual concentratO:r.a of heavy metnls to exhibit higher 

dispersion and higher variation !actor. A close correlation has been revealed in Cu, Ni, 

Cr, Co, Zn accumulations on one hand, and Ti, Ba 1 Zr, Ga, La, V on -t;he other. Multiple 

correlation technique b.as confirmed subdivision into elemental groups above causing the 

ore and rocks associations~ Major component technique in factor analysis has revealed 

3 to 6 signidicant factors. The most versatile factoral structure is reported from leaves 

of shrubs. All the samplines invcstig.Tt;ed contain along with elemental biogenic accumula

tion the ore factor manifesting an antagonism in Ni, Cu 9 Zn, Cr, Co vs. Ti, La, Mo, v, Zr 

accumulations. Its average weight reaches 40 to 45 %. In branches of shrubs the ore-form

ing process is usually determined by only one factor whereas iD leaves it is caused by 

"two factors showing on one· hand Cu, Ni, Zn accumulations and those of Mn on the other, 

which may be attributed to a specific physiological development iD leaves. Mapping _the 

major ore factors has indicated that positive values fall on ore-enriched sites and tec

tonic fracture ~ones. However a displacement of secondary biogeochemical zones take place 

due to lateral migration causing the reetriction of some anomalous values to the negative 

topographic forms • 

Therefore, the studies conducted have confirmed the possibility of applying biogeo

chemical exploration for comprehensive geochemical sampling under permafrost. 
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BIOGEOCHEMICAL EXPLORATION IN LOESS ENVIRONMENT IN CHINA 

Gao Ping 

Institute of Geophysical and Geochemical Exploration 
Langfang, Hebei 102849 People's Republic of China 

China's loess leads the world with its vast area and great depth. The loess terrain which mainly 
distribute along the middle and lower reaches of the Yellow River cover up to 632 000 km2 . The sediment 
thickness is from 10 m to 100 m with the maximum of 200 m. 

The Loess areas have long been taken as the forbidden zone for geochemical exploration because the 
conventional geochemical methods can not detect element distribution and geochemical anomalies related to 
mineralization under the loess. Biogeochemical orientation survey in two loess areas found very valuable 
geological information and mineralization below the thick loess. The results show that it entertains high 
hopes that biogeochemical exploration is able to break through the forbidden zone using deeprooted plants. 

Jiaolong Zhang stratabound pyrite-type polymetallic deposit in Gansu Province, which was hosted in 
the Ordovician clastic rocks, is totally covered with loess. Tertiary red clay-layer is commonly developed 
under the loess, the total thickness of the overburden is from 30m to 120m, Vegetation is sparse, Salix 
Matsudana Koidz (Hankow willow), one of the predominant species, grows mainly along arroyoes in the area. 
Its root system is at the Lesat ten meters. Biogeochemical orientation survey revealed that iron, V, Ti, 
Mn, Mo, P, K, S, Zn, Cu, As and Ba have anomalous concentration in Salix matsadana Koidz over the Jiaolong 
Zhang deposit. The element distribution pattern is similar to the primary halo of the deposit. According 
to this orientation survey, biogeochemical survey was carried out in an area of 140 km2 on outskirts of the 
Jiaolong Zhang Mine. Twig and fresh bark were taken from Salix matsadana Koidz. Analyses discovered three 
biogeochemical anomalies. The significance of the anomalies were proved by drill geological information. 

About 70% of Xinzhang Gold Mine in Shanxi Province was covered with loess of a few to 50 meters in 
thickness, which makes prospecting and follow-up difficult. Vegetation is scarce, and Wikstroemia pampaninii 
Rehd alone is common in this area. Biogeochemical section displays a strong anomalous concentration of gold, 
As, Sb, 81, Cu, and Hg in Wikstroemia pampaninii Rehd above the gold vein under ten-meter thick loess, which 
clearly delineate the location of the gold vein. 

The two case histories show that biogeochemical methods can provide mineralization information for 
buried ore and will become an effective prospecting tool in loess terrain. 
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GEOBOTANICAL AND BtOGEOCt-tEMICAL ZONATION 1N TERMITE MOUNDS 

E.A.V.Prasadl, M.Jayarama Guptal, and Colin E. Ounn2 

1 Department of Geology, Sri' Venkateswars University, Tlrupatl - 517 502 (A.P), India 
2 Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario, KlA 0£8, Canada 

An ancient scientific Sanskrit text of JyottSSastra (astronomy/astrology), called Brlhat Sarilhita (master 

collection}, considered the termite (Termltidae) mound as an Ideal example of microcosm constantly maintaining 

homeostatic eq.J!Iibrluml. This sctentH!c text described It as an Important tool In exploration and exploitation of 

ground water2 and mineral resources3. In recent years such mounds have been employed In geochemical exploration 

for gold4 and other ore deposltss. 

This study deals with biogeography and geochemistry of the termite mounds occurring on the campus of 

Hyderabad University (Lat. 17° 26'- 17° 2f3' N; Long. 78° !B'- 76° 21' E), Andhra Pradesh, South India. In this 

semi-arid tract, underlain by granites of Archaean complex, three types of termite mounds are recognised. These 

are (1) barren mounds•, I.e.: the mounds devoid of any vegetation; (2)~monophytlc mounds•, l.e., the mounds 

colonised exclusively by one particular taxonomic plant species; and (3) •polyphytlc mounds•, I.e., the mounds 

colonised by more than one plant species. These mounds are further categorised Into the following five types. 

(1) Conical mounds (height 0.9-2.2 m, base diameter 0.8-2.0 m) built by Odontotermes mathadl generally developed 

on dry sites. Some of them exhibit horizontal or vertical zonation, each zone being reflected by the development of 

a partlcular vegetation type. (2) Low curvature mounds (height 0.6·1.5 m, base diameter 0.9-2.6 m} developed by 

Trlnervltermes blformls on seasonally water-logged sites. These mounds, like the mounds of 0. mathadl, also exhibit 

horizontal or vertical zonation. (3) Subconlcal mounds {height 1.1-l.S m, base diameter l.ll-1.75 m), constructed by 

0. redemannl on dry sites; (4) Small, barren, conical mounds (height 0.20-0.40 m, base diameter 0.15-0.30 m) bultt 

by Macrotermes estherae developed In shady, moist sites., and (5) Subterranean termite {?} nest system, with a 

well-defined circular patch (diameter 3.5-4.5 m) on dry ground surface, demarcated by a particular, profusely 

developed, plant species consisting of either Hyptls suaveolens or Klrganella reticulata. 

In this study, the detail~ of two types of zoned termite mounds, located In seasonally water-logged sites have 

been recorded. In one case, a huqe conical mound of 0. mathadl conspicuously exhibits six, well-derined, horizontal 

layers. Starting from base upwards, 1st, 2nd, 11th, and 5th layers are occupied by different species of grass; 3rd 

layer Is barren, while the top layer 6 Is colonised by Digitarla Sp.-a grass species, associated with Lantana camara. 

The vegetation on the ground surface surrounding the mound consists of an admixture of all these different grass 

species. 

In another case, certain mounds of T. blforrnls are divided vertically Into two parts,and each Is colonised 

with distinctly different plant species; and these two parts of the mound show preferred north~south or east-west 

orientation. In some cases, one part of the mound Is colonised by vegetation while the other remains barren. 

For different soil layers of these zoned mounds, the pedological properties (bull< density, organic matter, 

sand-slit-clay ratios, grain-size parameters, pH, and conductivity) were determined; and thirty elements, viz., Mo, 

Cu, Pb, Zn, Ag, Nl, Co, Mn, Fe, As, U, Au, Th, Sr, Cd, Sb, 81, V, Ca, P, La, Cr, !v1g, Sa, Ti, 8, AI, Na, K and W 

were analysed by Inductively coupled plasma emission spectrometry (ICP). This data reveal biogeochemical 

differentiation of the mounds by termite activity. 

These pedological, geobotanlcal, and blogeochernlcal charecterlstlcs reflect the extraordinary capacity for 

genetic lrmovatlun or the terrnltes with necessary nd<l!Jlotlon lo motllfy the cll•nalogenlc, pedogenic, and biogenic 

processes within the microenvironment of these mounds to maintain ecological equilibrium. 

The mound with different tiers of vegetation Is considered as a microcosm representing the altitudinal 

zonation of vegetation, due to variation In bioclimatology, on a global scale (macrocosm). 

This study throws light on termite mound In arid or semi-arid regions as an extremely significant tool In: 

(1) geochemical and agricultural reconnaissance surveys; (2) biological monitoring of the environmental pollution; 

(3} reclamation and revegetation of adversely affected environments; and (4) the study of adaptations and evolution 

of llfe forms. 

References: 

1. Prasad, E.A.V. /1980/: Ground Water In Varahamihira•s Brlhat Samhlta, Sri Venkateswara Unlv., Tirupatl, p.351. 
2. Prasad, E.A.V. /1989/: Tropical Ground Water Hydrology In Varahamlhlra•s Brlhat Sarnhlta, 28th Int. Geol. Cong., 

washington, D.C. · 
3. Prasad, E.A.v., Nagaraju, A., Raghu, v., JayaranH1 Gupta, M., and lvlotooka, J, /1989/: Biogeochemistry of 

Termite Ecosystem, 28th Int. Ceo!. Cong., Washington, O.C. 
4. Prasad, E.A.V., Jayarama Gupta, M., and Dunn, C.E. /1987/: Significance of Termite Mounds In Gold Exploration. 

- Curr. Sci. 56, 1219-1722, Bangalore. 
5. Prasad, E.A.V., and Vljayasaradhl, 0. /1984/: Termlle Mound In Geochemical Prospecting. -Cure. Sci. 53, 649-

651, Sangalore. 
255 



HIGH-SELECTIVITY ATOMIC ABSORPTION ANALYZERS FOR THE DETERMINATION OF THE MERCURY CONCENTRATION IN GAS, 
LIQUID AND SOLID SAMPLES 

Alexander A. Ganeyev, Nicolaj R. Mashjenov, Sergey E. Sholupov, Gleb B. Sveshnikov 
Leningrad State University, USSR 

At present geochemists and ecologists pay attention to the problem of t~e mercury detection in the 
various media. This attention can be explained by two reasons: mercury is a pathfinder of different kinds 
of deposits and mercury is a toxic element, which concentration in air, water, foods must be kept under 
control. 

In the Leningrad State University two high-selectivity atomic absorption analyzers for the express 
determination of the atomic mercury concentration in the broad range are elaborated. Using commercial 
atomizers or barbaters and our instruments one can detect mercury in gas, Liquid and solid samples without 
any preliminary treatment procedure. Both analyzers are based on the differential atomic absorption 
spectrometry, but they differ in the manner of real i:zation of two-wave scheme. In the first instrument the 
source of light is in the constant magnetic field, as a result the resonance mercury line is sptitted on 
several components (it is a direct Zeeman effect). One of these components takes place on analytical line 
and other- reference line. By means of the polarization modulator the radiation of the Zeeman components 
penetrates the analyte cell in turn and then it is detected by Pt.JT. In another analyzer the discharge in 
the spectral lamp with the mixture of two mercury isotopes is excited by the high-frequency generator which 
is modulated by radiofrequency voltage. Due to spectral-phase effects it is possible to detect the radiation 
corresponding each component. In this case the radiation of one isotope component takes place on analytical 
line and another-frequency line. Further treatment of signals is carried out in traditional algorithm for 
differential techniques. 

Due to differential technique we can guarantee high selectivity and decrease the limit detection 
and now it is limited only by drop noise of the PMT. Both analyzers have similar analytical parameters: 
limit detection 10ng;m3 , time of one analysis- 15s, they can suppress the interference of the matrix up 
to 3 a.u. 

By means of our instruments in the geological and ecological objects we carried out the 
detenmination of the mercury concentration in 1) ambient air using moving platform (airplane, helicopter, 
car, ship) and in the back-pack version 2) natural gas in the USSR and SFRYu 3) Liquid and solid samples. 
Everywhere we've got good agreements of our results and the results got by other analytical techniques. 
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PROGRESS IN THE APPliCATION OF ICP-MASS SPECTROMETRY TO ANAlYTICAl GEOCHEMISTRY 

Gwendy E.M. Hall 

Geological Survey of Canada, 

ABSTRACT 

The extremely variable composition of geological materials, particularly 
that of rocks and soils, poses an immense cha 11 enge to the accurate and prec1 se 
multi-element determiflation of trace and ultra-trace level constituents. Hence, 
it is not surprising that nun~rous geoanalytical laboratories leapt with both 
feet into ICP-MS in its early days, with promises of such features as sim~ple 
spectra with few interferences, wide linear dynamic range and detection limits 
in solution in the order of 0.01-0.1 ng ml- . Inevitably, we have since learned 
to temper enthusiasm with caution, as fundamental and applied studies of matrix
; nducect interferences have evolved. However, new doors have been opened in 
geoanalysis by this technique whose ultimate power is yet to be fully exploited. 

Undoubtedly two of the most significant achievements to date 1 ie in the 
determination of two groups of elements: precious metals and the REEs. The 
collective determination of Au and the PGEs (Pt, Pd, Rh, Ru, Ir, Os) by 
commercial laboratories has been the sole domain of NAA. Application of ICP-MS 
in this field offers the advantages of superior sensitivity for Pt, Pd and Ru 
and rapid turnaround time without the necessity of lengthy decay periods. This 
technique has also found a niche in the determination of Au, Pt and Pd following 
Pb fire dSSay where previou£ly ICP-AES and AAS have dominated. As in other 
applications the critical factor affecting detection limits is the purity of the 
reagents used, not the sensitivity of !CP-MS. Biogeochemical exploration for 
Pt and Pd has now become a practical tool, owing to the reasonable quantity of 
sample required to attain adequate detection levels. This technique now reigns 
supreme in its proven ability to determine all REEs down to l ng g-l if a 
separation step is incorporated into the procedure. This capability together 
with abundance level detection of high field strength elements (e.g. Nb, Hf, Ta) 
is greatly facilitating tectonic interpretation studies. 

The application of surface and ground waters in geochemical exploration 
is yet to be thoroughly evaluated but the ability of ICP-MS to analyse waters 
directly and adequately for many trace elen~nts assures it a key role. Research 
1s active currently into the introduction of gaseous hydrides into the ICP mass 
spectrometer In an effort to improve detection lim1ts over those offered by !CP
Aii>. 

These comprise some of the accomplishments reviewed in this presentation. 
Progress in the use of alternative sample introduction techniques and calibration 
strategies is also discussed. 
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USE OF OPTlWIZATIOK PROCEDURES FOil THE QUAl'lilTATlVE DETEIU11NATIOI' OF WINEHALS AND FOH 
THE DISTRIBUTION Of Cr , Ni ANU Co IN LATEHIT~S. 

Zdenek llika, Ivan Kolomaznik, Technical University of Mining nnd Wetallurgy,Czechoslovaki& 

The ch~mical quuntitativ~ phase nnolysis (CQPA) was for the first time used for 
calculation of minernl concentrations tor clastic sediments (Klika et al./l9~B/, Chmi~
lov6 et al./1986/ ). The chemical compouition of rocks may b0 described by a sot of Ri - · 

mul t;meous equations: 

y. = Lx . . cj 
1 .i l.J 

where xij and y 1 are porr.onlagas of the oxides of 1-th elements in mineral j-t.h phases 
and the bulk rock respor.t.ivaly, and cj aro the percentages of j-th phasP.s present in 

the rock, The detf!rminntion of the concnrttrutinn of c j-lh phases is based on the internal 

optimization procf!dure 

I: <y 1 - Lc .x . 1>
2 

i j J 1. , . 
l!lin 

The resultR ot CQPA and optical mr.tho<ls wer«1 tested on 21 samples of latAritP. s 

from Cuba. They show vAry good ugrcf!mcnt, Three of t.h~ samples (1A,3D,lf) with very 
different mineral composition are presonte d in Table 1. 

(2) 

Toblo 1. RESULTS o~· ll.INEHJ.L CONCENTIIATIONS (~;) IJEIEI-Uilrlt:ll OY OPTICAL ( a } AND CGP.A (h ) 
METHOllS. 

a 31) lf 

a b a · h a b 

kaolinite } 2.5 9,6 6.7 

clay miner11ls 1.0 J. :J . 3 B, l 

gibbsite 17.2 15.8 

puilomelane 1.0 1.1 I) . ,, Cl. l 0.2 0.3 

chromite 3.1 3.!1 1.6 l. G 1.2 1.2 
magnetite 1.1 3.1 ·1. 2 'l• 3 

serpentine lo3 1.7 5G, 7 59 .G 80 .5 81.0 
goethite + } +hematite H . G 72.5. 21 .0 23.6 4.8 1.7 

pyroxene l.ll 1.0 1.0 1.0 

ThA optin:ization mnthod was ulso used for the calculatiol\ of Cr2o3 , NiO and 

CoO concentration dependPnces on mineral r.oncentr~Lions. The following cquatiottS were 

found out: 

%Cr2o3 = 0.453( lehr·omite) + 0.018( %g oe th ite ) • 0.017( %he matite) (3) 

%Ni0 0.013 ( %serpentinu) +0,017( %goethite) + 0.015( %hematite) ( t) 
%CoO O.OC19 ( ~goethitP) (5 ) 

Th~ chro~ium is honded predominuntly on chromtte and dependence (3) has a very 

high correlation coefficient. Nickel und cobalt urn probably honda d predominantly hy 

sorption and their dependences ( 4) and (5) have a low correlation coefficient . 
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CONCENTRATION OF RARE EARTHS BY VARIOUS CATION EXCHANGE RESIN TYPES 
RlR ICP-AE ANALYSIS OF GEOCHEMICAL SAMPLES 

N.A.Sorokina, L. B.Efremova 

Institute of Lithosphere , USSR Academy of Sciences, 
Moscow, USSR 

Rare earth elements are widely used for petrogenetic modelling of magma genesis and chemical 
heterogeneity of mantle and crustal reservoirs. They are also the effect ive tool for precise studies of 
geodynamic s,etting of magmatic series and ore formations. All these applications require an accurate and 
sensitive analysis of rare earths in geologica l samples. 

One of the rapid and sensiti ve methods of REE analysis is the ICP-AE spectrometry with preliminary 
concentration of lanthanides using cation exchange resi n chromatography. 

The process of evaluation of rare earths on different types of exchange resins was studied using 
standard solutions . The e luation curves for eight rare earths (La, Ce,Nd, Sm, Eu, Gd, Er, Yb) were measured 
and compared with exi sting extraction methods. The proposed technique allows full extraction and 
concentration of REEs fo r ICP-AES analysis at ppm leve l s . The detai ls of concentration process were studied 
using international references samples. 

The accu racy and reproducibility of the method are evaluated and compared with other chromatographic 
techniques. The standard deviations and misfit corridors for measured and reported va lues for rare earths 
in reference samples were calculated. The results of this study are in a good ag reement with previously 
published data . Different types of OOWEX and BIORAD exchange resins were used for extract i on and than 
compared to obtain the best fitting resin type and regime of e luation. 

The application of the method for ICP-AES determination of rare earths in geological samples (mafic, 
intermediate and acid i ntrusive and volcanic rocks, sedimentary rocks) shows good results available for all 
types of common geochemical and petrological research . 
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CHEMICAl-ANAlYTICAL PROVISION 
OF GEOCHEMICAl WORKS 

Yu. P. Sotskov 

Institute of Mineralogy,Geochemistry and Crystallochemistry of Rare Elements 
Moscow, USSR 

At present geochemical works are widely used not only at all stages of geochemical exploration but 
also for the solution of various scientific and applied problems including the environmental investigations. 
A study of a matter composition of various materials used in geochemical investigation (bedrocks, soils, 
bottom sediments, water, air, plants, etc.), a wide range of concentrations under determination (6-7 orders) 
require such methods and techniques that often differ from those used in other fields of science. 
Unfortunately there is not any universal method which could help to prov1de a comprehensive information on 
the chemical elements content, forms of their existence isotopic composition, physicochemical properties, 
grain sizing etc. for the material being studied. We have to choose the most promising, reliable and 
economical complex of the anaLytical methods for the time being. The fallowing criteria are usually taken 
into consideration while selecting a complex or a separate method for the solution of a specific problem: 

a type of supposed investigations: scientific or applied; 
a sample phase state: solid, liquid or gaseous 
a set of components necessary for the solution of the problem; 
an expected range of concentrations; 
a number of samples to be investigated, their approximate matter composition; 
a remove of the area being investigated from the base laboratory; 
the necessity of the material preservation for the future investigations, its unique properties; 
the cost of works and some other important criteria. 
Based on the generalization of the big actual material an attempt is made to create rational complex 

for the solution of the specific tasks of the applied geochemistry. Alongside with the traditional methods 
of analysis (atomic emission, atomic absorbtion, X-ray fluorescence and neutron activation) are also 
considered the place and significance of chromatographic, electrochemical, mass-spectrometric methods and 
phase matter composition methods of investigations. Much attention is given to the field and remote methods 
which allow to increase the expressness of geochemical works and to reduce the time and cost of these 
investigations also makes it possible for a geochemist to obtain all the necessary information immediately 
in the process of exploration and evaluation. 

Besides the problem Of the complex chemical-analytical investigations in the present work are raised 
the questions of the creation of the quality control system in analytical investigations of the necessary 
Level to solve the tasks of the applied geochemistry and unification of sampling and sample preparation 
methods for the analysis. The reliability and information quality of the obtained results can be only 
achieved by the improvement of all stages of the analysis and realization of all possibilities of modern 
methods. 
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TEACHING IN GEOCHEMISTRY: INDIA 

K.S.Murty 

Univ. Dept. of Geology, Law College Compound, Nagpur 440 001, India. 

Reviewing the status of Geochemical Prospecting in the World in 1965, Hawkes mentions that 4 
publications, out of 225 were from India during the period January 1960 to July 1964. Of these, three were 
Reports of field observations and location of field areas. However, the year 1922 was noteworthy because 
K.K.Mathur and Sir S.S. Bhatnagar published their paper "Studien Uber Bandstrukturen - Die Synthase 
gebanderter Steine" in German and also because the classic work on the geochemistry of the rocks of Mt. 
Girnar was also started by Mathur and his team that year, which led to the enunciation of the series of 
geochemical problems by Mathur in his Presidential address at the Geology section of the Indian Science 
Congress at Bombay in 1934. It was not until 1954, however, that teaching of geochemistry was formally 
started at the Be nares Hindu University when Mathur and Bhatnagar established a school of geochemical 
research. The first well-equipped geochemical laboratory was also established by Sinha and his co-workers. 
A year before this, the Geological Survey of India had launched a programme of geochemical prospecting 
for base metals in the Singhbhum thrust belt. Subsequently, the Indian Institute of Technology in Kharagpur 
started a Master's Degree course in geochemistry. In most of the Universities in India, petrochemistry and 
mineral chemistry formed part of geological teaching in late fifties. From 1962 onwards, both teaching and 
research in geochemistry was started in the Universities of Patna, Mysore, Osmania, Andhra, Roorkee, 
Udaipur, Calcutta, and St. Xavier's College in Bombay and IIT, Bombay. 

Now, geochemistry forms either an essential part of the curriculum for Master's degree in Geology 
and/or Applied Geology, or it is offered by many postgraduate geology departments as one-semester course. 
For instance, Nagpur University postgraduate department of Geology has a one-year course in Exploration 
Geochemistry since late seventies. The practical work is generally confined to rock and ore analysis by 
conventional wet chemical methods, colorimetry, spot tests and flame photometers. Few departments have AAS 
spectrophotometers and fluorimeters. Among other institutions that make significant contribution to research 
in geochemistry are the Tata Institute of Fundamental research, Physical Research Laboratory, National 
Geophysical Research Laboratory, and Indian School of Mines respectively, located at Bombay, Ahmedabad, 
Hyderabad, and Dhanbad. Geological Survey of India, Atomic Minerals Department, and Bhabha Atomic Research 
Centre (BARC) are equipped with AAS 1 XRF, FRS, INAA, MSID, electron microprobe etc. The inability of 
Universities, part i cu tar ly located in the States, can be attributed to two reasons, if they are not 
maintaining teaching of geochemistry at high Level: 1. Nonavailability of adequate if!struments, thus 
depriving the student of opportunities to aquire laboratory skills, and 2. classroom is purely descriptive 
and the student does not get the feel of the problem by processing and interpreting stimulated experimental 
data. In view of this, the University Grants Co!Miission has identified certain departments of the 
Universities as special centers to be equipped with necessary instruments so that the two problems can be 
solved. 
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EDUCATION IN GEOCHEMICAL PROSPECTING 

SOLOVOV A.P., Moscow State University~ USSR 

The contemporary methods of geochemical prospecting for mineral deposita were 
created in the Soviet Union (1931-32) by N.I.Safronov and based on the scientific 
conception of primary haloes and secondary dispersion aureoles of such deposits. 
Similtaneoualy V.A.Socolov proposed the hydrocarbonate gas surveing fer oil and gas 
prospecting. Now these methods are largerly used over all world. 

In the Soviet Uni&n teaching of students in applied geochemistry flaa started in 1938 
on the Geophysical Faculties of the Leningrad and the Moscow Mining Institutes under the 
a.eme "Physioo-chem.ical Methods of Proapect~ug 11 and now is obligatory for the all SQTiet 
Geological Collegas UDder the Zl.ame "Geochemical Methods of Prospecting for Mineral 
Depoai ts•• .. 

The leading rGle in developing of this discipline now belongs to the Chair of Geo
chemistry of the Geological Faculty of the Moscow State University (prof. A~A.Saukov and 
author of this contribution) and to the Chair of Geochemical Frospeoting of the Geophysi
cal faculty of the Leningrad Mining Institute {prof. E.M .. Kvyatkovsky) and to some other 
Geological Colleges in Kiev~ Irkutsk and Alma-Ata. 

After three years of general geological education all students, who belongs to the 
Geochemistry Chair of MGU, have monthly field practical training on a special Geochemical 
base near the Sadon polymetalic deposit on the Narth Caucasus. In this time they studies 
theory and practice of Lithochemical prospecting for ore deposits by secondary haloes and 

dispersion trains~ including field sampling, preparation of samples for analysis, emission 
spectrographic analisia of samples for Pb, Zn and Cu, graphical and quantitative interpre
tation of obtained data~ Discovered geochemical anomalies are examined on place by using 
microchemical testa with KJ and by collection of additional samples for XRRA and ESA§ After 
evaluation of expected Pb+Zn resources the main secondary haloes are investigated by tren
ching. 

After presentation of report about practice, students who1Vill obtaine a specialisa
tion in Geochemical Prospectinig, especially foreign students, have continuation of their 
field work in the district of Sadon deposit on study of primary haloes and ecological mni
toring~ Students of other geochemical specialities are leaving for areas of their field 
practice in ether parts_ of the Soviet UnionD 

The main course on Gemchemical Prospecting is given to the all students of tha Geo~ 
chemical Departament during the 7th (autumn 9 72 hours) and the 8th (winter, 28 hours) termB, 
and followed by paaeing a special examination. The study of the main course is ensured by 
special textbooks (ADP~Solovov~ M1 D Nedra., 1985; A.,P.,Solovov and A.A .. Matveev, the 2d edition~ 
M., MGU, 1985) and an English tranlation of the Russian textbook (A.P .. Solovov, Mir Publ.p 
M., 1987) .. Fer· the next summer field practice all students are going as e members of diffe
rent geochemical teamea of the Geological Faculty to Siberia and Kazakhstan .. The next two 
terms they are using in Moscow for analitical work and computer processing of obtained data 
followed by presentation of graduation theeises for public defence before the State Scienti
fic Couneil with participation of an external opponents~ 

The post-graduate course on Geochemical Prospecting for a PhD degree in geological-mi
neralogical science (speciality 04&00G13 - GeQchemical Prospecting) takes additional 3 years 
for the Soviet geochemists and 4 years for foreignerS~· This time are using fGr scientific 
resr ~chee ia any of ch&5en theoretical OI' experimental domain of selected speciality. Pre
sen: . tioR of a dissertation for its public defence haa take place before the Scientific Coun
ai~f the Geological Faculty of the MGU, consisting by leading geochemistB of Moscow Scien
tific organizations, with participation of. 3 external opponentso 

Fer a DSc degree it is necessary to cemplete additional fundamental inyestigations 
and a number of publications on selected field. 
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