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FOREWORD

The Geological Survey, Prague (Ustfedni Ustav geoclogicky)
together with other gecleogical institutions of Czechoslovakia
have organized the l4th International Geochemical Exploration
‘Symposium of the Association of Exploration Geochemists (AEG)
and the Sth 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, 1290. 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
rnew research approaches.

The contributions were arranged into individual thematic
biocks to make the volume easy to use. However, the classifica-
tion is only approximate since scme 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.Hlavatd 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 Mrna
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RADON RISK MAPPING IN CZECHOSLOVAKIA
Ivan Barnet
Geological Survey Prague, Czechoslovakia

In 1989 the radon risk mapping project started in Czechoslovakia. The joint project of Geclogical
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 measureinents 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 municipat authorities require detailed measurements at the building sites of nursery
schools, basic schools and family houses.

Gata used for radon ri maps construction

1. Field measurements of 2 fn in soils - performed by SAN method {alpha card modification, developed
by Uranium Exploration Enterprise};

2. 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;

3. Database of Uranium Exptoration Enterprise - catalogue of natural and man-made anomalies,
environmental impact of uranium exploration;

4, Geological maps (Geological Survey) - scale 1:200,000; Llithology, areal distribution of granitoids
and rock types with enhanced radicactivity; tectonic setting;

5. 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.);

6. 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 & lack of primary radiometric data. These areas are covered by
measurements Llocated on the test sites representing the prevailing rock types {at least 15 to 25
measurements on gach test site). The reliability of radon risk maps in the scale of 1:200 000 was tested
by comparing the results of field radon measurements. The comparisan 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 scaie 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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TECHNOGENIC FOLLUTICN OF TEE BAIEAL LAKE BASIN SNOW COVER WITH CHEMICAL ELEMENTS

viadimir F. Belogolovov, Alexander Yu. Zyablitsev, Alexander V. Tyzhinov,
Buryat Research Centre, SB, USSR Academy of Sciences

The urgency of atmospheric pollution study in the water-protected zone of Baikal
15 determined by:

-~ the regional charscier of the most dangerous crisis situations because of direct
influences (Aral, Chernobyl, Alyaska, etc.);

- the priority of inorgauic pollutors (lead, zine, fluorine, etc.) considered "eco-
logically the most dangerous ones" for Baikal;

-~ the complexity of progrosis, control and influence control on atmosphere, especi-
slly for Baikel limnoclimete. Atmospheric processes conesiderably determine the relations
in the region ecosystem upon which and this way its stability depends.

In 1987-1989 on the territory of the Baikal water-protected zone a snow geochemical
survey on & small scale (1 sample/200 sq. km) was meade. The resulis obtained are the
first estimation of atmospheric pollution according to depositing medium realized in spa-
ce. The contrastive multi-meagured anomalous geochemical field was found. Its size is
from 10 to 80% of the whole territory, the contrastity is by 2-5 orders more, in some ca-
ses exceeding the maximum concentrations for water and soil. The usual pollutors are sul-
phate ion, nitrates, lead, vanadium, copper in filtrate snd lead, zinc, copper, vanadium
in solid sediment, and epecific one for the region is fluorine. The influence was estima-
ted according to the values of the summary index of pollution and technogenic load. The
gstructure of technogenic geochemical mnomalies epicentres in some cases adds to the ideas
of position and parameters of the concentirated anthropogenic 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 temporal division into districts wes realized. As for Ulan-Ude 65% of its ter-
ritory is modern pollution, 10% is a stmble one and other 10% is a relic one.

The formation of grouadwork fall on the snow cover is connected with the far trans-
fer from the west direction. The hightened accumulations (deposits) of dustgasthrowings
in between mountain depressions are connected with the high potential of atmospheric pol-
lution. Thus, the determination of s special zone of nature use is expedient, including
the Baikal luke and neighbouring hollows.
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THE USE OF LAKE SEDIMENTS CORES TO MAP ENVIRONMENTAL CHANGE IN ONTARIO; CANADA

John A.C. Fortescue
Ontario Geological Survey, Ministry of Northern Development 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 material may
be used to map areas where increased levels of As, Pb, Cu, Ni and Zn (due to antropogenic fallout) occur
in surface sediment. Results of recent pre- and post-Ambrosia based, regicnal lake sediment geochemical
mapping near Wawa, Ontario, will be described to illustrate how baseline geochemistry can be successfully
completed in areas 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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MERCURY HALOES IN THE ATHMOSPHERE [GEOCHEMICAL AND ECOLOGICAL ASPECTS]
Alexarder A. Gzreyev, Nicolaj R. Mashjanov, Vladimir V. Ryzhov, Sergej E. Sholupov, Gleb D. Oveshnikov

Leningrad State University, USSR
and

Nina A.Ozerova
Institute of Ore Depcsits Geology, Petrology, Mineralogy and Geochemistry of the Academy of Science, USSR

There are two practical aspects in the atmospheric mercury investigations: ore, oil and gas
explorations on mercury haloes in the atmosphere and the environment pollution control.

It is known that mercury is a universal element-indicator of endogenic ore deposits and its vapours
form haloes in 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 indirectly 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 University the original technique of direct [without sampling or preliminary
enrichment] determination of mercury concentration in ambient air or in complex gas mixtures has been
elaborated. It is based on differential atomic absorption spectroscopy. High selectivity of analysis is
provided by Zeeman or spectral-phase effects [G.B.Sveshnikov et al.,1980; A.A.Ganeyev,Yu.I.Turkin,1989].

Realizing these techniques portable spectrometers permit to carry out the geochemical survey in real
time with low Limit detection of mercury in air. There are back-pack and helicopter versions of our
instruments. When natural gas is analyzed high selectivity is allowed to avoid the interference of matrix
on results. Special techniques have been worked out for the detection of some volatile mercury components
and for analysis of mercury isotopes in ore minerals.

Natural investigation has shown that mercury vapour haloes in the atmosphere are the pathfinder of
most types of the endogenic ore deposits under various Landscape, geochemical and climatic
(subarctic,moderate and arid) conditions. In ore districts the helicopter survey can help to locate the
parspective plots where ore objects may be discovered by the detail geochemical and geophysical methods.
Other types of the vehicles give us the possibility to map regional haloes connected with the deep faults
on the continants or the oceans.

Direct determination of this metal in hydrocarbon gases shows the increasing mercury concentration
in number of gas and cil fields.This reason and existence of atmospheric mercury haloes over the gas-
penetrated faults gives the possibility to use the method in question in oil and gas explorations.

Anthropogenic mercury emissions have been investigated by means of a helicopter, car and ship survey
near the local and distributed sources. Some examples of the differential atomic absorption spectrometers
application to exploration geochemistry and atmosphere pollution control under various conditions are given.



A PHYTOGEOCHEMICAL METHOD FOR STUDYING HEAVY
METAL CONTAMINATIONS OF THE TECHNOSPHERE

A.V.Lapo and M.S.Vdovets

AlLlL-Union Scientific-Research Geological Institute
Leningrad, USSR

A phytogeochemical method occupies a special place among various methods used for studying
contaminations of the technosphere; it gives information on heavy metals which are involved in the
biogeochemical 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 physiological demands of plants, by contents of these elements in environments
(Adriano, 1986; Kabata-Pendias, Pendias, 1985). This conclusion is a methodological basis both for
phytogeochemical method of prospecting for base metals and for the same method used in technospheric
studies. The experience gained 1in prospecting phytogeochemistry, however, has a Limited significance for
technospheric contamination studies since metal bearing solutions travel from bottom to top during the
formation of dispersion haloes associated with ore deposits, whereas technogenic heavy metal contaminations
are Largely affected through air (Golenetsky, Malachov,1985). 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 system and horizontal rhizomes. A.L.Kovalevsky (1984) has
proposed to divide bioobjects (including plants) into a) barrier-free; b) practically barrier-free; c)
barrier and d) background barrier biocobjects, depending on their ability to concentrate microelements. The
possibility of the usage for technogenic contamination studies is increased from background barrier to
barrier-free plants.

Studies of technogenic heavy metal contaminations by the phytogeochemical method are implemented
by comparing heavy metal contents in plants of the same name within the studied background areas. Plants
that are selected as biogeochemical indicators must have the highest values of heavy metal concentration
coefficients, must be widely spread in the area under study and posses an adequate phytomass.

The following plants can be used for heavy metal contamination technospheric studies in humid
moderate zones by the phytogeochemical method: the pine-tree (bark, branches, cones, needles), the European
fir-tree (branches), the gray alder-tree (bark, Lleaves), the aspen (bark), the cordate Llime-tree
(Leaves),the mountain ash (bark), raspberry-canes (sprouts), red bilberries, bilberry-bushes, officinal dan-
delion, wormwood, dioecious nettle and creeping clover (the whole surface part is studied for shrubs and
herbaceous plants). Out of the listed plant species we can choose a standard set of plants of different
stages (1-2 species for a stage), depending on the composition of vegetation in the studied area. This
provides certainly an information on the environmental heavy metal contamination.

From phytogeochemical studies in the Baltic industrial areas a technogenic lLead-zinc-nickel-copper
association with weak correlations, which is invloved in the biogeochemical cycle, has been recognized. The
phytogeochemical method gives information on technogenic heavy metal contaminations for the Live-period of
the studied plant organs, whereas studies of litter, for the same period (for its initial plant remains)
and for the formative time of Llitter studies of soils yield information on the whole period of soil
formation, of snow, only for winter months of the year. Comprehensive studies of all Listed technospheric
components may provide the most complete information on the state of environments. In monitoring it is
recommended to combine the phytogeochemical method with geochemical studies of the snow cover.
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I.A.Luchin, V.A.Komarow |
NPO “"Rudgeofizika", Leningrad, USSR

Large-scale multi-element hydro- and Lithogeochemical survey is an effective and cost-saving tool,
which allows both to evaluate ecological environment and to delineate areas of anomalous natural and
technogenic toxic concentrations including radionuclides and stuffs 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 efficiency of hydro- and Lithogeochemical survey depends on the following factors: the
homogeneity of sampled geochemical materials, low sampling density (1 sample/100-120 sq. km), high depth
of investigation, the possibility of simultaneous multi-element determination and quantitative resource
evaluation of each element anomaly obtained over a given drainage system. '

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 8 million square km with surveys indicated that all
economically significant deposits occur within hydro- and Llithogeochemical anomalies. The calculated
estimates for known and potential resources are nearly equal. At the same time there exist such anomalies,
which have not been explored yet and which should be the target of future investigations. The results on
Au, U, Mo, F,etc.are of special interest.

Data on macro- and microelement water content obtained during the survey can be used for ecological
evaluation of areas investigated.

It is supposed to cover all accessible regions of the country with regional hydro- and
Lithogeochemical surveys. 1

A/wa\ }/f(fh ; fm j/f ;1’ Dimdits Cltwacdn ) Auilrt "f:?_ﬂ;—.h_ ! '-L-a.\ A -'{”""’_'



GEOCHEMISTRY OF TECHNOGENESIS
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 ideas 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 utilization 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 pericdic table and,
primarily, geochemical mapping of affected environments. The lLatter is represented by maps of element
distributions in soils and streams of urban areas, as well as maps of element distribution 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 lLogical 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 range 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 estimation 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 radiocactivity 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. Maps show that radicactive
fallout covered the regions with high and Low cancer rates. This formed a mottled and complicated ecological
environment. Only in 12 - 15 years it will be clear whether radicactivity essentially affected cancer rates
in the BSSR. There are different opinions among scientists concerning this problem.
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ECOLOGICAL-GEOCHEMICAL EVALUATION OF URBAN SOIL CONDITION
I.K.Nezhdanova, Yu.P.Suetin, G.B.Sveshnikov
Leningrad State University, USSR

Under the influence of anthropogenous activities the natural ecological systems are being replaced
by the agrogerous and technogencus ones which acquire new geochemical features. The most intensive
transformation of environmental geochemistry takes place in the technogenous ecological systems - in cities,
urban zones, because these are the places where the most active various and large-scale anthropogenous
pressures on the original landscape occur. Taking for example the large cities with numerous and various
industrial and municipal enterprises we can study these main tendencies which seem to be spread over the
vast areas and in some extent over the whole biosphere. The evaluation of ecological-geochemical condition
of urban lLandscape can be based on the study of geochemical element content in 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, exist in the present time
and will exist in the future. As a result of technogenous influence, the original geochemical field,
peculiar to the given geochemical province and corresponding to the region, is being transformed to the
mosaic set of technogenous anomal fields, comparatively small in size but having various associations of
elements and their content levels. The distribution of discovered technogenous anomalies over the city's
territory is connected with the disposition of industrial zones and buried dumps, industrial and municipal
wastes and also corresponds to the age of specific city regions in accordance with the following principle:
the older is a region, the more alterated are soils.

The technogenous soils are characterized by the redundant zonal soils of a wide range of rare and
dispersed elements in comparison with the typical soils. In the technogenous geochemical associations the
role of technophyle elements, having in natural scils low Clarke concentrations, is increasing. The
occurrence of negative anomalies for a number of elements and the great disbalance of microelements, which
undoubtedly transmits to the contiguous spheres including Living organisms Living there, is characteristic
of the technogenous soils. The existence of the ''forbidden'' geochemical associations and the large
contrast and complexity of discovered anomal fields appeared to be an important feature of the technogenous
landscapes. Such geochemical parameters of urban inhabitance environment as the redundant and insufficient
content as well as the disbalance of rare and dispersed elements create the prerequisites for the occurrence
of wide range of a man pathologies, called microelementoses.
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GEOLOGICAL AND ENVIROMMENT-RELATED RESULTS OF THE REGIONAL GECCHEMICAL AND HEAVY MINERAL PROSPECTING
IN THE ERZGEBIRGE MTS (GRD)

Pélchen, W.; Ossenkopf,P.

The Erzgebirge - Vogtland region in the GRD was covered by gepchemical stream sediment survey and
heavy mineral panning. The sampling density was 1 to 2 samples per km“. Stream sediment (fraction -0.2mm)
was analyzed for 17 elements and stream water for F, pH and electrical conductivity. In panned heavy mineral
concentrates more than twenty minerals were determined semiguantitatively.

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, ilmenite * olivine; parametamorphic rocks
(phylLlite, mica schist, gneiss) by different concentration of B, Ti; granites of Younger Variscan intrusive
complex by evident geochemical and mineralogical specialization (Sn, Li, F, Be, cassiterite, topaz,
fluorite). Mineralized areas are very well indicated by association of characteristic elements and minerals,
e.g. tin mineralization by Sn, F, Li, W, Be, cassiterite, topaz, fluorite; polymetallic veins of quartz-
sulphide formation by Pb, Zn, Cu, As, and near the source area also by sulphide minerals; barite-fluorite
veins by Ba, F, barite, fluorite. Areal distributed mineralizations with a well-developed primary halo (e.g.
Sn, W) are well reflected in the geochemical or heavy mineral maps, whereas vein mineralization (especially
barite veins) show only point-shaped anomalies of high contrast.

Natural supergenic environment is indicated by pH in stream water and by some characteristic element
associations in stream sediment, especially Mn-Co-NitZn#Be. Local anthropogenic influences are recognizable
by samples with erratic anomal contents for “civilization” elements (e.g. Pb, Zn, Cu, Sn), by slag globes
and metallic chips and wires in the heavy mineral concentrate. Intense cattle breeding effects high values
of electrical conductivity in stream water.
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Mercury in atmosphere over rural, urban and industrial parts of Zagreb city
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Permanent increase of inorganic solid and gaseous pollution in atmoshere over inhabited areas, caused by
uncontrolled growth of cities and unplanned urbanization in stricktly industrial regions with still "dirty" industry,
makes a serious ecological problems. Mercury is also one of the most dangerous pollutants in modern human

environment and study of its concentration, distribution and environmental cycles is of primary importance.

In recent years Zagreb city encounters severe pollution problems in aguatic, terrestrial and atmospheric environ-
ment. A random or permanent monitoring of some inorganic gaseous pollutants in atmosphere has already been
organized and published elsewhere. By means of a sophisticated mercury vapor analyser with a Zeeman effect
background corrector, however, continuous registration along two traverses (monitoring routes) over the atmos-
phere of Zagreb city has been elaborated for the first time. Recent development in construction of sensitive
and selective mercury vapor analysers enables measurements of background values and pollution contral in
rural and urban areas. Continuous registration of mercury in ambient air in the research has been performed
by a Zeeman atomic absorption analyser with attached circulating cell in the compartment between the light

source and mirror and by air pumping at a rate of 4 Irnin-t.

Data, presented by geochemical contour mapes, show strong anthropogenic influence in the Zitnjak industrial
area. The anomaly high 105 ngm_3 Hg, on the 21 October moved slightly to the downtown by change of wind
direction on the 31 October. Intensity raised as much as 155 ngm ™~ Hg, 15 times augmented in comparison to
a background value on the Medvednica mountain. Explanation should be sought in denser public traffic, change

of wind direction and lowering of atmospheric pressure.

The presented researchis an attempt to record possible anthropogenic influence, backround values and rough
distribution of mercury. Future measurments will be taken mere comprehensively regardin length and direction
of monitoring routes and different weather conditions for better understanding of pollution precesses, sources
and construction of pollution maps.
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LANUSCAPE GEOCHEMISTRY AND ENVIRONMENTAL PROBLEMS (methodology, theoretical bases, practical usage)

A.I.Perelman, A.B.Anokhin, E.N.Borisenko, N.B.Lamakina, A.E. Samonov,
IGEM, Moscow, USSR

1. Geochemistry of landscape has a fundamental meaning for solving problems of the environmental
geochemistry - struggle against pollution. Presentation about geochemical deferentation of the biosphere
and neosphere, conception of the geochemical barriers in the concentration of the matter of pollution are
important.

2. Technological pollution of the same sources (mills and factories, roads, agricultural Landscape,
cities) is different in the various geochemical conditions: tundra, taiga, step, desert, hills, plateau,
badlands, plains, regions with basalts, granites, sands, limestones, shales and other rocks. Therefore for
solving problems of the environment geochemistry needs Landscape-geochemistry mapping. Models of such maps
of different parts of our country are created by authors. During these investigations geochemical
classification of anthropogenetic landscapes are provided.

3. The theory of the geochemical barriers is quite meaningful for the fight against pollution of
nature. On the geochemical barriers an increase of the geochemical anomalies occurs which lLeads to the
higher quality of the geochemical monitoring, reduction of the quantity of the samples and improvement of
their information. Localization of the pollution occurs on the geochemical barriers. On account of this
problem it is necessary to create artificial geochemical barriers. The experience with such investigation
in the different regions of the USSR is very great. The earlier established types of element concentrations
on the geochemical barriers may be used in the fight against pollution. The types of concentration depend
on landscape-geochemistry conditions and type of pollution.
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IMPLICATION

P. J. Rogers' and J. G. Ogden ﬂl"

Since the early 1950s exploratior geochemical surveys have been carried out on a variety of surficial
materials in Nova Scotia. To date most of this effort has been directed exclusively at resource potential
applications with the intention of stimuiating development in the mineral sector of the economy. During
this exploration phase an extensive geochemical database has been collected. A traditional mineral
producer, Nova Scotia has a high population 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 landscapz and guality of life is an important environmenta! issue in
North America and especially Maritime Canada.

Most geochemical sxploration activity has cencentrated on stream or lake drainage systems by sampling
sediments and(or) surface waters, lake and stream catchment basins are important repositories of
geochemical information concerning the composition and characteristics of their drainage areas. Modern
drainage systems can be considered as mass storage devices (Ogden et al, 1988) which contain the
‘geochemical genetic code' for each catchment. The extension of the ca:chmem basin concept to
exploration geochemistry (Bonham-Carter et al | 1987) forms a bridge to environmental geochemistry. This
paper will consider studies of a number of catchment basins in Nova Scotia.

One of the principal aims of exploration geochemistry is the estimation of geochemical background to
define threshold levels and indicatc anomalies. Reccgnition of 'natural’ background levels in surface
materiais of various elements is needed to define baseline element levels and principal controls and to
monitor changes in the ecosystem. Widely different element levels can be found in stream and lake systems.
It is possible to define various natural and imposed geochemical controls present in stream and lake
drainage systems. Principal geochemical factors governing background levels include catchmeant lithology,
chemical mobiiity, and dispersion and dilution of netals during transport. pH is one of the most active
geochemical factors and also the one most readily affected by imposed external loading such as from
acidified rainfall. To estimate the pH effect on heavy metal mobilities, background levels and vector
properties of these metals in natural systems musi be elucidated.

Catchment basin analysis (CBA) has been used to characterize background tor 1500 stream sediment and
water samples from the Cobequid Highlands, Background is modelled for element concentrations in stream
sediment as a function of the areal proportion of map units cccuring within each catchment basin. Step-
wise regression uses areal proportions of mapped units as independent variables to model geochemical
background for Cu, Pb, Zn, Ag, Fe, M, Ny, Co, As, Hg, U and Mo in sediment and U, F and pH in water
for each of 65 mapped lithologic units. Calcuiated background levels for each map unit are given as

. weighted means for each element. The model thereby determines 2 measure of the association between the

geology and surficial geochemistry, Voleznic and granitic units of the central upland core have much
higher background levels for most clements when compared to other units. After subtraction of
background the residual varignce of catchiment basins reveals areas of anomalies, which as elevated
concentrations could be seen as potential hazards in terms of heavy metal content. The CBA model also
distinguishes variance due to scavengiug by Fe and Mn and pH effects on the mobility of elements such
as U, Mo and As. Catchment basin plos for these elements clearly outline the pH response in terms of the
underlying geology.

We call attention to, and illustrate, two important properties of Limnic systems:

fa) Catchments with definable sub-watersheds con show distinctive biostratigraphic and geochemical
signatures throughout the lake basin. We describe Scldier Lake, Halifax County, Nova Scotia (Ogden and
Rogers, 1988) which has a hydrogen 1on {H"] uradient {rom distinci sub-watershed units ranging from 0.7
peq L' (pH 6.2) to 102.3 weq L7 (pH 2.99). Mass balance studies (Ogden and Machell, 1985) indicate
retention (presumably by depocltmn) of 33% of Al, 63% of organic C, and 85% of Fe entering the lake.
Outlet pH values of 4.6 (25.1 peg L") imply nevtralization of 38% of the [H*] entering the lake. We show
the presence of distinct geochemical and biostratigraphic (diatom) domains relared to water chemistry,
independent of regional (allocthenous) polien deposition.

(b) Sediment cores from three connected lake basins in the St. Margaret’s Bay ar cz‘. Halifax County, Nova
Scotia, which have shown substantial acidification, with pll values from 6.0 to 6.3 in 1979 and from 4.8
to 5.6 in 1987, reveal four goechemically (and biostratigraphicallv) distinct horizons or zones:

(1) Initiai (ca. 12,50C RYBP (Radincarbon Years Before Present)) high energy ineltwater deposition of

R.R.4 Shubenacadia, N.2. BON 2H0

1
2 Department of Eiology, Uelhousie University, Halifax, Nove Scoulis, payg 4J1
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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. 11,500 RYBP) 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 BETWEEN ENVIRONMENTAL AND EXPLORATION
GEOCHEMISTRY, ILLUSTRATED BY SEDIMENT-WATER INTERACTIONS IN
A DESERT STREAM CONTAMIMATED BY MINE WASTES, ARIZOMA, USA

Donald O. Runnelis
Department of Geological Sciences, University of Colorado,
Boulder, Colorado, 80303-0250

INTRODUCTION

Boulder Creek comprises one of the major watercourses in an otherwise arid region of western
Arizona, USA. Areas of the drainage of Boulder Creek are highly mineralized a variety of metals. The
abandoned Hillside complex, on the banks of the creek, includes tailings, waste piles, and collapsed adits
and shafts. The mine, which operated from the 1880's to the 1950's, extracted chiefly gold and silver, with
quartz, pyrite, and arsenopyrite as major gangue minerals. A variety of other precious-metal and base-
metal ores from the surrounding region were also processed at the mill.

Seepage of metal-rich waters from tailings and from a collapsed adit enter the stream at two
distinct points. At seasonal low water, heavy precipitates of Fe, As, Al, Cu, and other metals form almost
instantaneously below the points at which the contaminated waters mix with creek water. The Loss of metals
from the water is clearly mirrored by the gain of metals in the stream sediment.

COMPOSITIONS 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 CaCOa. and is rich in dissolved oxygen. The water is predominantly Na-Ca-HCGa in
composition. A maximum concentration of 515 mg/L TDS was measured in the upstream portions of the stream
at low water in August. The high rate of evaporation causes an evaluation in chemical composition of the
stream water similar to the chemical evaluation of waters in alkaline Lakes.

Below the mine and mill complex the alkality, bicarbonate, and pH decrease, with increases in
sulfate, TDS, and dissolved and particulate metals. Two distinct seepages from the mine and mill wastes into
the stream can be recognized. The first and most important is an acidic seepage from the base of the
uppermost tailings pile. This water has a pH of 2.4 and total concentrations (in mg/L) up to 8550 TDS, 5240
304, 260 AL, 34 As, 100 Cu, 610 Fe, 52 Mn, and 92 Si. The tailings seepage appears to be oxygenated, with
iron in the Fe (III) state. Filtration using a 0.45 um membrane filter shows that from 30% to 95% of the
metal in the seepage water is in dissolved form, depending on the metal.

The second seepage comes from 2 collapsed mine adit downstream an additional 1250 meters. The water from
the collapsed adit has a pH of 5.4 and contains total concentrations (in mg/L) up to 2640 TDS, 1480 504,
21 As,68 Fe, 45 Mn, 9.5 Zn, 19 Si, but non-detectable concentrations of AL and Cu.The adit water is lower
in oxygen than the tailings seepage, with iron largely in the Fe (II) form.

As the seepage waters mix with stream water, heavy precipitation occurs. Immediately downstream from the
tailing

seepage, a heavy floc of reddish-brown material forms, and during Low-water it quickly settles to the bottom
of the stream. Chemical analysis shows thai this material is mainly iron oxyhydroxide, enriched in As and
S0,. About 20 meters farther downstream a heavy greenish-white precipitate forms and is rich in AL and Cu.
However, at a distance of approximately 1100 meters downstream, the water is clear, the pH has again risen
to 8.4, and most of the metals have precipitated.

It is obvious that the alkaline, oxygenated water of the stream is highly effective in causing the
precipitation and removal of the most toxic metals and thus allowing a rapid recovery of the stream.Such
a rapid recovery would certainly not be the case for Less alkaline, more dilute streams in a more temperate
climate. For example, in the mountains of Colorado, USA, severe contamination of streams may extend for
tens of kilometers below similar point sources of acid-mine drainage.

Upon entry of the seepage waters into Boulder Creek, Fe and As are the first metals to precipitate,
followed by AL and Cu, with Mn, Zn, and Cd being the most mobile. Lead is undetectable in the water, despite
the fact that it is abundant in the waste tailings ard in the stream sediment. Depending on the season and
the metal, as much as 90% of the metal transported in the stream water is in particulate form.

The participation and removal of dissolved metals from the water is very clearly reflected by
increases in the metals in the stream sediments at the corresponding lLocatiors. Computer modeling (WATEQF -

Plummer et al., 1976) suggested that the fe-rich precipitate is probably a jarosite and that the Al-rich
precipitate is probably jurbanite, in agreement with similar studies by Nordstrom (1982), Chapman et al.
(1983), Filipek et al. (1987), and Karathanasis et al. (1988). During periods of high flow, the metal
content in the sediment may be lowered by orders of magnitude due to mixing, dilution, and covering with
normal sediment from the drainage basin,

SUMMARY
Although the main purpose of this investigation was environmental, the results have significant
implications for geochemical exploration in arid regions. In particular, the rapid Loss of metals from the
water suggested that prospecting in arid climate should utilize the stream sediments. Zinc, Mn, and Cd are
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the most mobile of the metals in the water and yield the lLongest dispersion trains. Seasonal fluctuations
in water flow exert a major influence on the geochemistry of the water and of the sediment. The dilution
and mixing of sediment during periods of high-water flow indicate that exploration using stream sediments
in a similar region would be most effective during low-water flow.
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PROSPECTS AND METHOD OF SOIL-GFOCHEMICAL MAPPING AS A
FUNDAMENTAL STAGE ON THE WAY OF SETTLING ENVIRONMENTAL
PROBLEMS AND RAISING THE AGRICULTURAL LANDS FERTILITY

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

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

Ecosystem: soil-plants-living arganisms 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 coner
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 the agricultural Land stock 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
to 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 hectare of arable Land per head. It should be also added
that productivity 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. Soil-cover 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 carring out to rivers and
reservoirs leads to eutrophisation of the lLast ones.

3. To settle environmental problems and to raise agricultural Lands fertility a speeded up method
of soils culturing and raising their fertility was offered, based on structural 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 economic achievements.

3.1. To select the definite (reclamation substances) for soils a soil-geochemical mapping is 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 in biogenetic 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 fertilizers carrying into soils, to reduce expences and utilize mining
and processing industries wastes. It allows to use released territories and to improve much environment.
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ENVIRONMENTAL GEOCHEMISTRY OF A LARGE INDUSTRIAL CENTRE IN THE MOUNTAINS OF THE CAUCASUS
B.A.Sudov

Caucasian Institute of Mineral Resources, Tbilisi, USSR

¥ Combined ecological ang geochemical research has been carried out in the territory of the city of
Tbilisi occupying about 250 km“ in a low-mountain relief area (350-1100 m abogg sea level) in the r. Kura
valley. The climate is semi-arid; the landscape predominantly contains the Ca“ - Na - class of elements

migration. The city is a large industrial centre of Transcaucasia, its chief industries being machine "
building, machine-tool building, instrument building, civil construction, electrotechnical, chemical,
textile and food industries. The city is served by several heat power stations using different kinds of fuel
(coal, oil, gas). The motor traffic is exceedingly heavy. The population of Tbilisi is 1.+million people.

2. The studies involved the general contents of chemical elements (3580 samples) and their mobile phase
(1160 samples) in soils, surface waters (80 samples) and in a temporary snow cover (35 samples). It was
found that the content of 23 elements exceeded the soil clarkes. Concentrations of a numbar of elements
(Lead, mercury, copper, nickel, chromium, zinc) are significantly higher than their admissible Limits.
The Levels of manganese, vanadium, molybdenum, silver, barium, cobalt, scandium, tin and zirconium are much
higher than the soil clarkes.

High lead, cobalt and manganese contents exceeding the maximum admissible Limits in water, were
observed in the Kura and its tributaries.

The snow cover analysis evidenced that the concentrations of titanium, iron, lead, zinc, antimony,
cadmium also exceeded the tolerable Limits in many sites of the city.

3. Technogenic geochemical anomalies, amounting to 142, were discovered all over the city area, being
associated with the particular industries polluting the environment, where the industrial emission into the
air was predominant. The distribution of the pollution is related in the first place, with the valley
circulation of air-masses. The steep mountain slopes are also important, since they hinder the upward
technogenic migration of elements.

The investigation results make it possible to concentrate intently on the most important problems

of geochemical monitoring of the Tbilisi environment and are highly significant from the methodological
points of view for industrial centres situated in similar Landscape conditions.
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REGIONAL ENVIRDNMENTAL GEOCHEMICAL STUDY IN CHINA; SOME EXAMPLES N
Ren Tianxiang, Zhu Lixin, Sun Tianyu and Zhang Hua f?
Institute of Geophysical and Geochemical Exploration Langfang, Hebei 102849 P.R.China

Relationship of the background value and distribution pattern of some trace elements with the
growing and harvesting of crops, the occurrence of esophagus cancer, hypertension and diabetes diseases were
studied in an area of more than ten thousand square km in Quinglong, Hebei by making use of the data of
regional stream sediment survey in 1:200,000 scale. The results indicted that the content of Cu, Zn, Co,
B and Mo is in close relationship with the growing and harvesting of crops. Agricultural environmental
geochemical maps of these elements were drawn. It was also found that regional geochemical background value
and distribution characteristics of Mo are related to esophagus cancer to a certain extent, and Cr to
hypertension or diabetes, and some potential districts of local diseases were predicted.

Geochemical soil and hydrogeochemical survey investigations were carried out for lLocal diseases in
an area of 720 square km in Sanhe, Hebei. The results showed that content of iodine in soil and groundwater
is clearly negatively related with the local goiter disease. The content of available form of fluorine in
soil and that of fluorine in groundwater are positively related with local flucrine-poisoning disease.
The distribution districts of these two diseases are basically correspondent to the variation of icdine and
fluorine in soil and groundwater.

Geochemical characteristic of different media, including soil, groundwater, surface water and crops,
have been investigated in an area of 1,300 square km in Zhengzhou city and its surrounding, Henan Province
of China. It has been discovered that the content of Hg, Se, Cd, Pb and Cu are distinctly increased in soil
Layer near surface in the district irrigated by sewage, which reaches Llight-middle environmental
pollution. The contents of As, Sb, Cu, Ph, S, Fe and Ca were obviously raised in the district irrigated
by water of the Yellow River, these elements mainly come from mining activities 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 lLoam (or sandy lLand) has a trend to extend continuously.
Some ideas for controlling environmental pollution and deterioration of soil have been suggested to the
local government.
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GEOCHEHIG%.T._,“II:AP OF THE REGION OF THE BATEAL-AMUR RAIIWAY (GEOCHEMICAL ZONATION l@
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G.M.Belyaev, 5.D.Vellkoslavinsky, V.A.Maksimovsky, V.S.Pevzner, V.E.Rudenkoy 'A11-Union
Geological Institute, leningrad, USSR 7

Polyelemental geochemical map of the Baikal-Amur Railway region on 1:3,000,000
scale on the structural-formational basis, including about 40 structural-formational
comlexes of various ages was compiled on the basis of principles of geochemical map-
ping, developed in the A11-Union Geological Research Institute (VSEGEI). Geochemical
load of the polyelementel geochemical map reflects types of geochemical associations
of elements and levels (R) of their accumulation relative to a clark K (R < 1.5 K;
1.5 E£R €2,5 K; 2.5 K< R<€ 5K; R >5K) in the structural-formational comple-
xes and geological formations with an accent on revealing of geochemically specialized
geological complexes as potential sources of oreforming elements. Such geological
formations (R > 2.5 K) occupy about 20% of the territory of this region.

The analysis of the polyelemental geochemical map showed that essential geoche-
mical distinctions between separate geoblocks and their fragments accumulated in the
process ofkeological development of the region from the Early Archean through the
Cenozoic. This data serve as a basis of zonation of the territory distinguishing the
gtructures in the rank of geochemical provinces, districts (zones) and regions.
Geochemicel units are in the definite hierarchial relationships with geoslogical and
metallogenic structures; in particular geochemical provinces are of the same rank as
folded districts and platforms as well as metallogenic provinces, which gave the
possibility te improve some debatable boundaries between geological and metallogenic
atructures of the regilon.

Geochemical units in the rank of provinces and districts are confirmed in
variances of geochemical zonatlon of the territory, when geochemical information is
sumparized from structural-tectonic units (anticlinoria, sinclinoria and so on)
either from data of ore element distribution in the local concentrations with R >10 K
(deposits and ore manifestations). In the general case at the level when contents of
oreforming elements are higher than clark (R>1.5 K), the geochemical field of the
region of the Baikal-Amur Railway possesses heterogenious structure. Almost every
structural-formational complex is individual from geochemical viewpoint, 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 stages which age boundaries are determined by the change in
geotectonic regimes are distinguished in a history of geological development of this
region.

Inheritance of some geochemical characteristical properties of the primary
protocrust composition from epoch to epoch is establisjed on the one 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 geochemical regions, established by local concentrations, and metallogenic zones
correspond to each other most completely. When passing to the level of geochemically
specialized geological complexes, this relationship weakens: the type of association
is the same, but the spectrum of oreforming elements is changed. These data enable
to distinguish hew potential ore-bearing structures in the ranks of ore regions and

knots.
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STRUCTURAL-GEOCHEMICAL MAPS OF ORE DISTRICTS

B.I.Burde
Far East Institute of Mineral Raw Materials,
Khabarovsk, USSR

The paper discuses the application of cartographic methods of investigations for delineating
geochemical fields of epigenetic ore occurrences that have hydrothermal-metasomatic origin. Such
investigations employ modeling based on the experience from studies of tin and rare metal ore districts.
The model of the hierarchical geochemical system which is Largely controlled by Linear structural elements
is outlined as certain principles. Elementary geochemical targets are delineated including their temporal,
genetic and spatial relations, the hierarchy of the targets, relations between the zonation, continuity and
transformation at different hierarchical Levels. Periodical structures are most important among symmetry
phenomena.

The relation between the structural elements of geochemical fields and productive metal contents
permits making the lLevel prognosis for ore occurrences and evaluating the extension of mineralizations.

The structural-geochemical map, on the whole, is a model for the geochemical structure 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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GEOCHEMICAL MAPPING IN THE USSR

E.K.BurM

Institute of Mineralogy, Geochemistry and Crystai Llochemistry of Rare Elements, Moscow

P.V.Koval |
Institute of Gecchemistry, Irkutsk
and

N.V.Mezhelovsky '-.?'
Ministry of Geology of the USSR.

The main bulk of geochemical mapping carried out in the USSR from the fifties up to eighties is the
survey that was combined with compiling geological maps on 1:200,000 scale. This survey was Llargely
performed on the secondary environments (soils, bottom sediments, or, more rarely, water and vegetation)
by semi-quantitative spectral analyses and was aimed at solving research tasks. In recent years ecological
tasks were added to them. The above survey covered over 50% of the Soviet Union. The survey resulted in the
compilation of a number of mono-elemental and complex prognosis-geochemical maps. Together with these maps
auxiliary maps, as a rule, are compiled, showing the geochemical coverage and landscape-geochemical
regionalization in terms of application of geochemical methods.

Special-purpose geochemical maps have been compiled in the past years to solve research, ecological,
scientific and methodological tasks. These also include maps of ecological troubles morbidity, snow-
geochemical, atmogeochemical maps etc. Their common scale is 1:50,000 and larger.

General geochemical maps for the whole country or large regions, as a rule, are made at 1:1,000,000
or 1:10,000,000 scale. Maps for solid rocks show geochemical patterns of structural-formational zones and
geclogical complexes. They are usually accompanied by geochemical regionalization schemes which identify
geochemical provinces and zones, deep faults and epigenetic process types (Geochemical map of the Ukrainian
crystalline shield basement, 1:1,000,000, V. K. Titov,1984; Geochemical map of the Eastern Baltic shield,
1:1,500,000, VSEGEI, 1967,etc.). An example of the general map showing secondary environment is the
Hydrogeochemical map of the Soviet Union, 1:10,000,000, VSEGEI, and landscape-geochemical maps of the Lower
Don and Northern Caucasus, (1:500,000, V.A.Alekseyenko).

Complex multi-purpose geochemical surveys at intermediate (1:200,000) and small (1:1,000,000) scales
are under way or planned using secondary environments (Uzbekistan, Southern Siberia, etc.). The main purpose
is to evaluate the ecological and agrogeochemical state of large regions (Uzbekistan, the Angara area,
etc.). In this respect, of particular importance is a project of compiling a geochemical map of the Soviet
Union at the 1:1,000,000 scale which is expected to be accomplished by 1995.

36

49



ATRBORNE RADIOMETRIC MEASUREMENT AND ITS USE IN CZECHOSLOVAKIA

Karel Déddéek, Geofyzika Brno, Czechoslovakia
Milan Matolin, Jind¥ich Rejl, Paculty of Science, Charles University, Czechoslovakia

A systematic alrborne radiometric 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-
metrics GR-B800D airborne gamma-ray spectrometer with detector WaI(T1) 33.6 litres, air
radon correction unit with NaI(T1) 4.2 litres, an automatic energy gamma spectrum sta-
bilization based on 1460.8 keV 4°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 date are registe-
red digitally in 1 s scans, The computer data processing yields maps of contours of K, U,
Th, thelr ratios, maps of total count and ternary radioelement maps. The resultant stendard
deviation of date are 0.1 % K, 0,3 ppm eU, 0.7 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 - 5, 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 radiocelement 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 proapecting and exploration made use of the regional and detailed
alrborne 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 spectrometry maps of ratios of the natural radioelements K, U,

Th were found indicative for rock alterations sometimes mssociated with mineralization.,
Positive results were reached in the areas of polymetallic mineralization in the Jese-
niky Mts. (Northern Msravia) and in the area of the Tertiary neovolcanic rocks in cen=-
tral Slovakia,

Airborne radiometric maps were used for defining the levels of natural environment
radiation in Czechoslovakia, The mean values of the absorbed dose rate of gamma radia-
tion in air of terrestrial origin 19.4 pGy 9'1 in the Bohemian Masgsif, 13.9 pGy 9'1 in
the West Carpathians and 17,0 pGy 3'1 in the whole area of Czechoslovakia enable the
comparison with the estimated average value 15.3 pGy 5'1 for the world, The alrborne
gamma-ray spectrometry analysis of U in rocks is an indirect data base for the compila-
tion of the radon risk maps.

Airborne gamma-ray spectrometry measurements were used to monitor the level of
nuclear fallout contamination in selected areas of Czechoslovakia in 1986, Periodical
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 sirborne quantitative determination of 13705 and 13405 nuclear fallout
radioelements in the nature and their reporting in Bq m'z.
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REGIONAL GECCHEMICAL MAPPING OF EASTERN MACEDONIA ARD THRACE;
N.E. GREECE

A. Demetriades and €. 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 1880. Its aim was to delineate uranium and base metal anomalous areas. The present
worl discusses only the base metal distribution resutts (Cu, Pb, Zn, Co, Ni, Mn) over Easter Macedonia and
Thrace due to purely technical teasons.

The sampling density generaily varied between 1.3 to 3.2 samples per square kilometer. The -80 mesh
(-177 m) fraction was analyzed by atomic absarption spectrophatometry after a partial hot acid (HNO, + HCL)
extraction. The geochemical data were smoothed by a weighted moving average method inm an attempt to reduce
the amount of random error,

The reconnaissance exploration survey succeeded in detineating a number of base metal ancmalous
targets. The most significant anomalous areas are: Kirki-Essimi-Virini (Cu-Pb-Zn), Xilayani (Cu-Pb-Zn),
Thermae {Pb-Zn-Mn) and Palaea Kavala (Pb-Zn-Cu-¥n). Elements such as a Co and Ni were able to map basement
mafic-ultramafic compiexes and Mesczoic to Tertiary basic lavas.

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

Finally, it is hoped to present the results of an ortentation survey using overbank sediments. This
sample medium appears to be suitable for the Low density sample scheme, i.e. ! sample/500 square kilometers,
which will ba 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 FOR GEOLOGY AMD ECOLOGY

R.I.Dubov
Tula branch of Central Scientific research
Geological Prospecting Institute, 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 influence of the environment on the man and of the man
on the environment. For such a complex use, it is reasonable to change slightly the way of mapping. These
field explorations, which were done by the search of minerals only on selective areas (atmo-, hydro-and
biochemical methods) now are desirable to be done almost everywhere together with Lithochemical survey. Some
rise in the cost of explorations is worth it:earlier, by search surveys, the minerals of use were discovered
only 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 Large areas requires to conform to some demands. Principal
of them are the following ones.

1. 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,
the 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 fields optimized in the sense of exactness.

Display of only the relatively intensive ancmalies 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 interferences (errors and fluctuations) and with indication of the picture exactness achieved.

3. Combined interpretation of geochemical and other data.

Effectiveness of geochemical surveys increases many times if their data are interpreted jointly with
the data of other methods. The same fundamental algorithms of interpretation can be used in many cases by
geological search for minerals and by ecological investigations, if to substitute in these algorithms
corresponding initial data and quantaties of outcome.

It is necessary to make the following remarks.

Widespread 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. Especially important is combined interpretation of geochemical and
medical data and its economic expression.

Geochemical anomalies, natural and made by men, of different substances, often reciprocally overlap.
Specially developed mathematical method will give the opportunity in many cases to determine the kind,
harmfullness 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-intestine sickness rate
with the pollution of the environment by wastes of the ashes from several boiler plants was found. The
pollution was displayed on the maps of Be- and Ag- concentrations in the upper Layer of the ground. In the
places of the Largest pollution the sickness rate of inhabitants proved to be 6% a year. Accoiding to- the
found connection, the removal of this pollution would decrease the sickness rate to 2,5%.

In other city the 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-installations. Calculations
showed that the replacement of the coal by other kinds would improve not only the health of the population
but also increase the economic profit approximately to 50% of money spent.

The method described is represented in the form of the algorithms 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 Bdén

Ecparuncnt of Geology
bo Akad=mi University

SF-20500 ABO

FINLAND

The ultimate object of the Global Geochemical Sampling (GGS) program under
IGCP 259, is to collect large composite samples of different materials at
3000-5000 stations over the whole globe. A pilot project over Fennoscundia
was initiated 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, ovcrbink stream sediments and stream water from 50
drainage areas 500-5000 km* In size.

Composite water samples (0.5 1 monthly at each site during one year) and
overbank sediments from two depths are being collected from the down stream
upex of each area. One kg of till and 1.5 | of humus are sampled at 20
randomly selected sites within each drainage area and these are composited
into one grand sample for each maierial,

The project is faced 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 fraction
made sampling extremely slow and expensive. It is also difficult to get reliable
analyses of the very low metal contents in the water samples. Besides,
sampling over several countries causes financial and practical problems, The
big 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 parts of Sweden and Norway, and of
overbank sediments from Finland, are available, The filtered and acidificd
water was analysed with mass JCP and the fine fraction of the sediments
with 1CP after lench with hot nitric acid.

The element contents in both sample types form regional anomaly patterns
related to geological features. The water samples from Norway have distinct
variations in element abundances, depending on whether they drain Upper,
Middle or Lower Allochton Nappes or the Autochton of the Caledonides. Ore
districts in the drainage area are also reflected in elevated metal contents in
the water, In Finland and Sweden there are differences between Archean and
Proterozoic Svecofennian ureas and even within these major geological domains
there ure variations, which in most cases can be related to known geological
features, Areas of sulfide-rich clays and till are reflected in high metal
contents in the rivers of western Finland. ' '

The overbank sediments also show clear differences between the major
geologica]l provinces and between areas of different geology within these.
Some of the samples seem to be anthropogenically contaminated, while others
are affected by precipitated Fe-Mn-oxides.
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SELECTING APPROPRIATE SAMPLE DENSITIES IN THE ARID ENVIROMMENT OF A PART OF THE WESTERN UNITED STATES AND
IHPLICATIONS FOR SAMPLING DESIGN FOR A GLOBAL GEGCHEMICAL MAP

Maurice A, Chaffee
U.3.Geological Survey, Federal Center, M5 })/£, Denver, Colorado B0225 USA

A major concern in regional geochemical sampling surveys is achieving the sample density that will
provide the maximum amount of information reiative to the money spent and the cbjective(s} ef the survey.
The conventional meaning of the term "sample density" is not appropriate for describing surveys in atl
areas; two definitions for sample density are suggested. Gross sample density is herein defined as the
total number of samples collected in a given area divided by the total Lland area of the project. In
contrast, net sample density i3 defined as the number of samples collected divided by the total area of
outcrop. Gross samples densitisgs 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 mn annual precipitation)
environmant, analytical data for part of the Walker take 17 x z2° quadrangle, which lies along the
Catifornig-Nevada border between 38° and 38° North Latitude, were examined in detail. In this area of about
14,700 Wm®, 590 samptes of minus B0 mesh (<0.25 mm) stream sediment were composited from drainages
throughout the quadrangle and analyzed for 36 glements. Twenty-three of these elements {8, Ba, Bi, Ca, €d,
Co, Cr, Cu, Fe, La, Mg, Mn, Ho, Ni, Pb, Sb, Sc, 5r, Ti, V, ¥, Zn, and Zr) were setected 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 originmal 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 ievel at which major anomalies were compared to identify the density Level
at which major anomalies were na tonger obvious. The resuitfs suggest that seiection of the optimum sample
density te adeguately 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 genlogic unit; the end use of the analytical data; and
the algorithms used to grid and contour the chemical data.

Relatively detailed sampling 1is necessary for geochemical mapping for a regional mineral
assessment; whereas, considerably fewer samples are generally needed for a region mapping _program. Ir the
case of the Walker Lake quadrangle, a nef sample density of 1 stream-sediment sample/14 km” {equivalent to
a gross sample density of 1 sample/25 km“) is considered to be necessary to evaluate the arid part of this
guadrangle for a mineral assessment survey. In contrast, to delineate the general variations for most
elements in this quadrangle on a regicnal or crustal scale, a significantly lower net density of about 1
sample/60 km2 is probably adequate.

At a global scale, no single net sample density will work far all regions of the worid because of

the many different parameters that affect the optimum sample density. AsS a resutt, 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
GEQCHEMICAL MAP

Chebotarjov A.A.
Geolagical 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 matier
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 changeabitity 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 structurat
charactaristics 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 associaticns (e.g. factors in Q-mode) or & vector of naormal contents
dispersion weights are put in conformity to every cell of a regular network. Parameters of network cells
conform te a sampling step according to a seale of survey carried out. Thus, a mapping comsists 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 on a map with the help of the
range of colors. Agreed color {unique colour index) is assigned to each element of the Merdeleev'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 ancther cone took 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 colars are appertained to
elements whose atoms fill their quant orbits according to the “"cuprg” model. These are metallogenic
elements. In endugenic processes their geochemical partner in overwhelming majority of cases is sulphur
and its analogues. Their natural concentrations and combinations are geneticalty found in indirect
retationships with magma crystallization processes. P, S amd halogens - green colors. Rare gases are
colorless. Yellow - elements with atoms of "rare gases type" up to the 4th group. Elements with atoms of
transitional type with filling of inner guant orbits are "colored” by orange and red. These are petrogenic
elements characterized more often by the affinity to 0, 51 and AL, Their main quantities and concentrations
are timed either to magma crystalltization 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
s#ction 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 principie proposed allows to visualize and make sasily available reading for different practical
purposes an element composition of associations obtained in fact.
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GEOCHEMICAL MAP PROJECT IN JAPAN

Shiro ITOH
Geological Survey Japan

Preliminary studies retated to the geochemical map project of Japan have been started recently by
the Geotogical Survey of Japan. For determining the standardized methods concerning sampling, analysis
and data processing, the model field of about 4 000 krn2 located around 100km north of the Tsukuba city has
heen gampled 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 ~month.

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 asbundance. 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
anatyzed by the method at the rate of 50 samples per month.

The drainage areas which arae considered to be represemted 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 heen stored for use to computer
processing. In further computer processing, alt these data can be comhined through sample number.

Each Lineated area is coloured with a different colour according to concentration tevel of each
element. A net of 3 km meshes is covered over the preliminary cotoured areas. The corcentration levet 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 became basic data for the further
statistic calculation and to make various kinds of geochemical maps.
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SAMPLING DENSITY IN REGIONAL GEOCHEMICAL MAPPIRG

T. Koljonen /1/ and E. Malisa/2/
1/ Geological Survey of Finltand, Espoo, Finland
2/ University of Dar es Salaam, Dar es Salaam, Tanzania

Geochemical mapping of whole countries or continents with sampling density as lLow as one sample per
several hundred or even several thpusand sguare kilometers has been proposed and vigorousty discussed at
recent genlogical meetings. Some geologists have nevertheless expressed skepticism about tha 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.

Fintand was mapped with a sampling density of one sample per 300 km® for the purposes of the
Geochemical Atlas of Finland. This means that the whote country, altogsther about 340 000 km™, was covered
with 1047 composite samples of till. The demsity was selected at the planning stage as an “educated guess”.
The results have nevertheless proved highly satisfactory from the geological point of view, and have
provided considerable empirical 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 Teatures
and processes, characterizing areas of perhaps thousands of square kilometers, where similar chemical
compositions are manifested as distinct geochemical amomalies. In our view, the most important variables
in this respect are 1) the thickness of the crust (10-70 kmz), 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 istand 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
ltong. To be visible on geochemical maps, at least 2 or 3 samples would need to be taken in_a transverss
section of these 2ones. This defines the sampling density to be one sample per 200-400 km"~ or less. In
continental shields, on the other hand, vast areas are covered with silicic magmatic and sedimentary
rocks of relatively homogeneous chemical composition. For these to show up on geochemical maps, a sampling
density of one sample per 500-3000 kmz or more shoutd be sufficient. On the ocean floor the density coutd
generally be very low, possibly one sample per '10 GCC km™ or mare.

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 ane sample per 500-5,000 km“ can be used, whiée in areas where
volcanism or hydrothermal processes have occurred, z density of one sample per 30 - 500 km~ is recommended.

B



SMALL-SCALE GEOCHEMICAL MAPS: A WAY TO DELINEATE AREAS PROMIS-
ING FOR MINERAL EXPLORATION

T. Koljonen* and E. Malisa*®*
* Geological Survey of Finland, Espoo, Finland
** University of Dar es 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 mm) and the sampling density one sample/300 kn?. 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 Za.
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 kn’ become available in the mid-90’s.
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REGIONAL GEOCHEMICAL MAPPING OF GRANITOIDS (MONGOL-OKHOTSK ZONE)
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
maps 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 kma. They are subdivided into geochemical
types and importent facles. This geochemical classification is based on rock groups and
families (SiO2 as the main parameter), rank of alkalinity (N320+K20 mineralogical criteria),
series (K/Na, etc.); distribution of fully mobile trace elements (Rb, Ba, partly 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 essociated 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) end monzo-
granite (Mo, Au) ranks of alkalinity; syenite-alaskite subalkaline (Zn, Pb, Sn, W, Au) and
alkaline (Be, Can—?) ranks of alkalinity; rare-metal normal (Sn, W, Ta, Li), subalkaline
(W, Mo, Be) and alkaline (REE, Nb, 2r-?) ranks of alkalinity; trachyandesite (Cu, Mo, Au,
Ag), latite (Au, Pb, Zn) and tholeiitic series; the granitoids of alkaline basite-syenite
geries (REE, Sr).

The mverage contents of 45 petrogenic and trace elements in granitoids of distinguish-~
ed types and facies, as well as the Mesozoic granitolds are evaluated 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 B.Chappell and A.White (1974), this one elso 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-granite, syenite-
alagkite, rare-metal, gabbro-diorite-granite, finasl anchieutectic phases of granitoid
plutons) have been formulated. They were used to analyse the geological and geochemical
specific features of different geochemical types of granitoids and relations between them.
The basic amount of granite formation can be interpreted in terms of two genetic models:
(i) intracrustal granitization and subsequent transformation of palingenic magmas
generated by mantle and magmatic fluids (-80% of granitoids amount), and (ii) crystalliza-
tion differentimtion (granitoids of the latite, trachyendesite, tholeiite series, final
anchieutectic differentiates of granitoid plutons).
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PRINCIPLES OF GEOCHEMICAL MAPPING OF GRANITOIDS 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
solution of ecological problems.

The geochemical mapping of granitoids hes 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 sgtudies revealed the main indicative role of contents of granitophile,
including volatile and ore-generating elements (F, B, Li, Rb, Be, Sn, Sn, W, Mo, Pb, Ta,
Nb, etc.) only with respect to rare-metal mineralization associated with granitoids. The
degree of concentrations of these elements in granites was termed "rare metallicity" of
granites (2] , the degree of which in a general case is proved to 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 concentration coefficient have
been developed [2] . Conmsidering 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 oharacteristic of the mapped grani-
toid fields may be substituted by rere metallicity of granites (number of clarkes 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-facles 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 ecologicel 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 include:(i) to distingu-
ish the geochemical areas of granitoid magmatism having an appropriate metallogenic
specific character (small-scale regionasl maepping and metallogenic zonation, (ii) to reveal
geochemical heterogeneity of areas of granitoid magmatism and to renk individual granite
massifs according to the degree of potential ore bearing (small- and average scale mapping)
and to recognize massifs of potentimlly ore-bearing granites; (iii) to reveal the internal
geochemical structure of individual 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).
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SPECIAL GEOCHEMICAL MAPPING CF CCVERED AREAS FOR THE PURPOSE OF PROSFECTING
FOR DEEP-SEATED DEPCSITS

Adelalda B. Lobanova, Baitic Reglonal Y“MOST" Associsiion, leningred, USSR

Vihen prospecting for deep-seated mineralization, the buried and obscurely ocverlapped
depoglits turn cut %o be most problematic. We have established the relmption beiween primary
and secondary geochemical flelds through a continucusly moving flow of diffusing fons. Tak~
ing the kimberlite pipes overleinm by the traps as an exasmple, we show that the substance
diffusing towards the surface containg all of those elements which mre present in different
concentratlons in orebodles and overlying rock formetions. Moving in a wall-boundary layer
of g fluid film the lons help {0 preserxve the slements praragensals of orepodies. This epabl-
ed un to formulate the unblased principles of interpreiing the secondasry halos of diffusion
in terma of paragenetic analysig. To detect and interpret vague secondary halos of buried
ares, we recommend & special geochemical survey to be done with an I-ray fluocrescence ana-
lysls (XRF) using a fleld measuring device of RRX-103 "POISK" type. In thils case the salt
blooms and plants are the beat for sempling. A "film water -~ plant™ natural sysiem provea
to be highly informative, for the plants sre good accumulators and concenirstion of ilons
from the film water goes unbarred. Becmuse of the laiter fact the plants inherit the elem-
enin parageneses of the underlying ore deposiis. Results of blogeochemical research helped
to disclowe a regularlty in the perageneses correlation between primary and secondary geo-
chemical fields of diffusicn origin, with the overburden of any type belng up to 350 metres
thick.

Salt blooms\and aridio plants are extremely favorable targets to be studied by XRF
methods for thelr composition, because In such technique the anelyzed layer makes up the
first millimetres of the surface. Analyzed distribution pattern of heavy metmrls in a plant
tissue proved the cortex of the plant to be most rich in them.

A fleld ERF anelysis is a rapid quan- '
titative method. The possibility of defining
elements compositlon 'in situ' enables spec-
lal gecchemleal survey with IRF to be effec-
ted in ecologically harmless and economical-
ly benefiecial way, One area in Yakutia (zee
fig.} is teken as &n exsmple of such survey
spplied to prospecting for kimperlite pipea
overlain by traps. Total survey area is some
20 kma. line spacing 125 m, sempling interv~
al 50 m. Sampled was a reindeer moss which
waa analyzed for the principal kimberlite
tracers N.,Cr,T1 and V as ZFe, end Zr+Nb as
T Zr, Correlated gnomelles of T Fe and I Zir
were asaumed to be the manifestationas of &
diffusion halo of ascending migretion franthe
¥imberlite pipes burled under the ¥traps, and
of the detached-off-pipes primary hales. As o
saen from the figure, number of the anomalies . guw n oo e
picked with a complex Index of contrast (BS) :@;}aanomaly confidence 95%( ' |enomely con-
is much more than that of known pipes in the i fidence 99,9% CTTT\ kimberilte plpes
area. Interpretation cf these anomalies in Symbols: Qz_akl,q4 - duaternary sedimentas;
terma of paragenetlc enalysis has revealed
here two promising anomalies associated with

'JPPET1 ~ dalerite; P2T1al ~ pandgione;
the previously unlmown kimberlifte plpes.

Geochemical ancmalies of complex index (Bg)
function, aa based on XAF data on T 2r & ZFe

in reindeer mossa samples
g | S (300

O4Pq8hy; ¢2an, - silty sendstones
S1ln ~ limestone.

References:
On the reletionghip between primary & secondary geochemicel flelds in deep-seated deposits.
//Thesls in Trenseofions of XII IGES -~ IV SMGP, Orléang, France, 1987, p. 105-106.
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GEOQCHEMICAT-ZONING OF THE CONTINENT.PACIFIC OCRAN TRANSITIONAL ZONE (ASIATIC PART)
V.4 . Maksimovaky, G.M.Belyaev, 5.D.Velikoslavinsky, E,V,Tolmacheva, 4.0.Sobolev,
L.I.Tikhomirov, All-Union Geological Inatitute, Lenipgrad, 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 teo its position as a zupne of active interaction of two plates-continental and oce-
anlc.

Heterogeneities of various aspects (geologi, tectonic, petrochemical, metalloge-
nic, geochemical, morphostructural, etc.) and of various rankg (global, reglonal, lo-
cal} were established in the conbtinent-oceanic direction.

Geochemical aspect of zeniog in volcanic {plutono-volcanic) belt of various
classes: midland, marginal-continental, margibal-oceanic, oceanic from the Masoziuc to
the Recent ig discussed in %he paper. Apalysis of data was csrried out om the basis
of geochemical zopation of polyelemental maps oa various scales (1:10,000,000 —
1:1,500,000 and larger), compiled specially for the Yransitiopal zone of the north-
eastern part of the Asiatic continent.

Global geochemical zoning is expressed in the consistent alternation of typical
aasociativns of chemical elements in the continent-oceanic direction, namely, from
lithophylic (¥, ¥b, Nb, Be, K, Rb, lLa, and other) ir the contimental belts through
litho-chaleophile (Pb, Zn, Sn, Hg, Sb, Au, &g and other) inm marginal - contipental Ho
chaelco—siderophile (Cu, Mo, Co, Ti, Bi, Au znd other) in marginal-oceanic and side~
rophile (Cr, Ni, Mn, Fe) in oceasnic basalbts. Indicator ratios alternate towards the.
ocean: Ni/Co, Th/U, Bb/Sr, Fe/Mn. For example, the ratio Rb/Sr decreases from 1-0,2
through ¢,* to 0,05-0,07, surcpium minimum decreases and charts of rare earth element
distributions flatten out. & tendency to decreasing of strontium isobopic ratio
(87Sr{868r) from typically crust ratul to typically mantle is revealed. Margimal-ocea-
nic amd oceanic belts are cheracterized by more acid gases in deep flulds, than in
continental fluida.

Regional apnd local geochemical features are manifested io longitudinal and
trensversal geochemical moning of belts and specific volecano~tectonic structures and
geological bodies.

Anglysis of spaclal distribution of ore reglonsp metallogenlc zones and belts

and determined geochemical zoning of varioua ranks, are closely relationed.
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RADTOGEOCEEMYCAL ZONING OF THE USSR
V.4 . Maksimovsky, A.A.Smyslov, V.E.Ti%ov, G.M.Bhor. All-Union Geolopgical Institute,
Leningrad, USSR

Lateral and vertical radiogeochemical zoning of earth’s crust bdlocks and geolo-
gilcal bodies was determined in the process of compilation and analysis of the Radio-
genlogical Map of the U.S.5.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 4.A.Smyslov
and his collegues. It is based on well-known principles and statements of academici~
ans V.I.Verpadskya end E.A.Fersman’s theory and also on laws of radioactive elements
migratione in gecloglcal processes. Main principle statements used during the pro-
cedure development are the followlng:

1. Processes of metal aoncentrations in the earth’s crust are closely related
to the events of scattering and mobllization of ore elements and are a csuponent part
of the common directed migration and differentiation of substahce.

2. Formation of the geochemlcal £ield of element distributions 1s resulted
from a wide spectrum of interrelated and interconditioned geological processes of
endogenic and exogenic ciecles.

The apalyals of the relative role of separate geological processes for the for-
matiod of the zoning of uranium and thorium distribution established in the map,
enabled to estimatic the direction of their migration in the Farth's crust during
varios periods of gealogical evolution. Inppurticular, a substauotial evacution of
uranium and to a lesger degree of thorium from lower parts to upper was established
from regional metamorphism in deep zones of Pre-Cambrian regions. During the plat-
form period of the earthts crust development transportation of the uranium in Hwo
forms resulted in the appearance of two various types of radiogeochemlcal provinces,
The zoning wmanifested in gradual decrease of the uranium and thorium migration from
miogeosyncline zonesa to eugecsyncline is a characberlatical radiogeochemical feature

of the Phanerozoic folded regions.
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REGIONAL GEOCHEMICAL SOIL MAPPING IN THE TROPICAL ENVIRCNMENTS OF WEST#FRICA:
BEDROCK REFLECTION AND RESOURCES ASSESSMENT OF PROTEROZOIC VOLCANO-SEDIMENTARY SEQUENCES
(A contribution to IGCP 259 "International Geochemical Mapping")

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

About one gquarter of the earth's land surface is covered by thick accumulations of
lateritic soils which limit thé occurences of easily detectable bedrock exposures, hence,
leaving these regions among the least explored ones in terms of natural resources. The most
successful way to establish the badly needed geologlical and mineral inventories of these
areas is the regional application of geochemical mappinyg, complemented by remote sensing
and geophysics.

Chemical weathering kinetics are particularly high in the humid tropics, resulting
in extensive leaching of the major rock-forming chemical elements Mg, Ca, Na, K and partly
Si which simultaneocusly leads to extremly poor soil-fertility. Most of the trace elements,
however, retain their relative bedrock asbundances, i.e. the lithologically determined con-
centration ranges are not overruled by weathering processes. In order to gain detailed in-
formation on 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 and the Ivory Coast, respectively. Total as well as selective leaching met-
hods were applied to galn information on clay adsorped, hydroxid adsorped and total geoche-
mical dispersion, respectively, all of which are complemented by IR-analysis. Compilation
and interpretation of both geochemical and mineralogical data are supported by geomathe-
matical methods.

The evaluation of secondary geochemical dispersion patterns is equally important for
applications in both expioration and environmental geochemistry. Another field of increa-
sing importance is the role of geochemists to assess regional patterns of soil fertility as
well as exploring suitable rock material as directly applicable "slow release fertilizers".
Due to the rather complex chemical processes which overprint all weathering products, the
application of selective leaching methods as well as detailed studies of the clay minera-
logy are the basics of any senseful interpretation. Infrared-Spectometry (IR) provides a
rapid end simple method to evaluate mineral species and compositions both qualitatively and
quantitatively: it has the additional advantage to detect non-crystalline phases which may
be very importaent as adsorptive agents for secondary dispersion. Flame-AAS has been develo-
ped as the most versatile analyti?al tool in the evaluation of the cationic secondary dis-
persion patterns. Both types of analytical instruments may be even used in generator-powe-
red mobile field laboratories.

A comparison of the resulting geochemical and mineralogical data with available geo-
logical maps clearly demonstrate the advantages of geochemical mapping under conditions of
intensive weathering. Comparabls studies in central Europe, directed towards bedrock ref-
lection as well as monitoring of environmental dispersion patterns, are equally in support

of the need for combined'geochemical and mineralogical approaches at the regional scale.
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REGIONAL GECCHEMICAL MAPPING IN FINLAND USING HEAVY FRACTION OF TILL

Maria Nikkarinen
geological survey of fintand, p.0. Box 1237, sf-70701 kuopio,
FinlLand

Reijo Salminen
Geochemical Survey of Finland, SF-02130 Esapoo, Fintand

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 titl
as well. Results from an area of 5500km“ 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 fractiom: W, S, Sn, Nb, Zr, La, Ce, Th and U.

Sample grid in the heavy mineral mapping was 1/18 km® and the samples (8l) are ccmbinations of four
subsamples taken at intervals of two kilometers. The sample were preconcentrated in the field by panning.
The concentrates (grain size 2 mm - 0.06 mm) were further upgraded by heavy Liquid (bromsform d=2.83 g/cm™)
in Laboratory. The analytical method adopted for nonmagnetic heavy fraction consisted of emergy 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 aercmagnetic maps and the amount of ferromagnetic minerals in till. This reveals the
vary regionat scale of both methods.

Integration of the results based on the element contents both in fine and in heavy fraction of till make
it possible to interprete the mineralogical origin of anomalies. Aromalies 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. Generaily the mast 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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EMPIOYMENT OF LARGE-SCALR LANDSCAPE-GEOCHEMICAL MAPS FOR INTERPRETATION OF
GEOCHEMICAL ANCMALIES IN HUHID AND ARID LANDSCAPES

Larisa R.Novikova,Inptitute of Miperal Resources,Ministry of Geology,USSR

A a repuli of large-scale lithochemical survey in two regions of the USSR(Kuznet—
gkil Alatau - the south of the Western siberis - and the Western Rear-Azov region ~the
south of the Ukraina) the large group of lithochemical anomalies has been revealed.,Thelr
interpretation is given on the basis of mape of elementary geochemlcal landscapes to a
scale 1 : 5 000 - 1 : 10 000.

In Kuznetskil Alatasu humid south~itszligs landescapes of pqueous migration acid clase
prevell.Depending on geneais of Quaternary depesits seversl species of elementary landa-
cape are gingled out: (a) ortho-eluvial;(b) neo-eluvial aspd (cleluvial-super-agueousd.

Employment of large-scale landscape-geochemical maps to a socale 1 ¢ 10 000 and of =
larger scale made it possible to carry out claselfication of lithochemical anomalies with
singling out of several genetic groups: (1)secondary dispersion haloes of gold~bearing
mineralization zones;{2)rock anomalies;(3)technogenous anomalies;(4)anomalies on sorpti-
ve and gleyic geochemical barriers;(5)ancmalies of neoceluvisl landscapes;(6)anomalies of
eluvial-superaqueous landscapes.

Lithochemicel anomalies on sorptive and gleyic geochemical barriers are confined to
marginal zones of eluvial-superequeous and orthoeluvial lendecapes of acid gleylc class
of aqueous migration - on their conjugation with orthceluvial lendscapes of acod class of
aquieous migration.The group of h¥pergene lithochemical anomalies of molibdenum,fluorine,
mercury and lead has been classified s mnomalies of geochemical barriers.

Detailed landscape-geochemical mapping made it pedslble teo e2ingle out lithochemical
gnomalles of gold and itp elements-matellites{accessory elements) in neosluvial landscap-
es on Middie-Quaternary - Upper Quaternary deluvisl-proluvial deposits,originated by rede-
poaition «of the cryst of weathering, Geochemical spectrum and intensity of hypergene 1li-
thochemical snomalies in indicated neoeluvisl landscapes are highly close to those in se-
condary dlspersion haloes of gold-bearing mineralizetion zones,.

Geochemical anomaliss of eluvial-supesraqueous landscapes are formed in deluvial-pro-
luvial end alluvial-proluvial deppsits,generated at the expense of redeposition of Upper
Quarternary and Ffecent eluvial-deluvial formetlions.Geochemiecsl specirum of these enomali-
es 1ls reduced(gold,srsenic).These amomalies are characterized by signifiéant productivi..
ties,snomalfty coefficients snd indices of contrast range,

Both groups of landscape anomslies do not have connection with mineralization and
are dua to weak auriferousness of deposits,in which they had been developed.

Secondary dispersion haloes and its accessory elements have been revealed within the
limits of asutonomous elu#ial and gently sloping trene-eluvlial landsecapes on eluvial-delu-
vium of various thicknesm.Singling out of secondary dispersion haloes,perspective for
g£0ld mineralization,was carried out on the basias of geocheminal indices of zoning of mine~
ralization (V),areal productivity of haloes(P)} and their coefficients of residual produc-
tivity(k).Batimation og a group of +the secondary dispersion haloes made it possible to
raveal two sones of ore minerslization.

Geochemical lsndscapes of the Western Near-Azov - are para-eluvial lendscapes and be-
long to dry-steppe landscapes of neutral{calcic) class of equeous migretion.The thickness
of loose deposite,overlying ore-bearing formations - iz 80 -~ 100m.The most widespread spe-
cies of elementary geochemical landscapes of the region are: (1) autonomous eluvial and
gently sloping trangeluvisl landscepes with ordinary black scils,forming on Quarternary
ioegp-~like loama;(b) eluvigl-accumulative gently sloping landsecapes on alluviated black
golle;{c) transeluvial landscapes on shallow black seolls,forminh on Lower Necgene depo-
gite,

Buried superimposed gecondary dispersion haloes are typical for two former specier
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of elementary geochemical landscepes.Within the limits of transsluvial landscapes,forming
on Lower Cretaceous deposiis,open spuperimpossd secondary dispersion haloes of buried car-
bonatite mineralization have beer esteblished.They are represenred by contrast complex ha-
loes of lanthanum,cerium and barium,which devselop directly over large bodies of carbonati-
tes on a level of horizone B and BC of soil-eluvial formations. The revealed secondary
dispersicn haloes represent hypergene neogeneslis on sorptive,evaporatlve and oxygenous
geochemical barriers. '

The fulfilled works give evidsnce that forestalling larse-scale landscape-geochemi-
cal mapping makes it possible to increase subetantlially efficiency of geochemical search
for ore deposiis,including buried depoeita{ in arid landscapes).
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REGIONAL GEOCHEMICAL RECONNAISSANCE OF THE LA PARAGUA RIVER DRAINAGE, VENEZUELA

Jean Pasquali, Universidad Central ‘de Venezuela, Venezuela

Santiago Marrero, Williams Meléndez and Ramdén Montero, CVG-Tecmin, Venezuela

‘A regionél geochemical reconnaissance of a Precambrian area of 30.000 Km2 at the head
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 sediments who
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, B and 9 which have correspon
ding drainage areas of : around’7, 35, 370, 1900, 9400, 45000 Km2. The two types of samples
anal}zed were obtained as follows: 1) Material deposited in low-energy environments as mud,
either dried out, wet or submerged (D); and 2) Samples obtalned by seiving material deposi
ted in higher energy environment (T). :

At each collected :site of stream order 6 or higher three sub-samples of each type we-
re taken, which allows the estimation of within-site variation coefficient (VC = _6& 100)

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 cases give rise to anomalies that arenotgeographically coin
cident.

The analysis of chemical results allows the identification of several types of anoma-
lies:

1) Caused by values of concentration of one element that are higher than X + 286§ ; 2) cau-
sed by a coincidence of higher than average concentration 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 Xj; > X of tributaries of one margin or both margins of main rivers.

It has béen found that in this 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 generally 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
KmZ,
TABLE 1

AVERAGE CONCENTRATION OF ANALYZED ELEMENTS (ppm) IN SAMPLE TYPES D AND T (i). WITH
THEIR AVERAGE VARIATION COEFFICIENT (CV X) FOR THE WHOLE POPULATION (140); AND AVERAGE
VARIATION COEFFICIENT (VC) FOR 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 i3 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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GEOCHEMICAL MAPPING OF THE SOIL COVER OF THE BYELCRUSSIAN SSR }
Petukhova N.N., Institute of Geochemistry amd Geophyslcs of the BSSR Academy of Scilences,
Minsk, BSSR

The territory of the Byelorussian BSR is situated in the west of the USSR Buropean
part. Its area covers 207,6 thousand sq.km and extends from north to south to about 560 km,
and from west to east - 650 km.

The historical-geological past and present are 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 end 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 buried Upper-Pliocene and Lower-Pleistocene s
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 agueo-glacial formations are mostly ebundant. Elu-
viel accumulations bf the old and modern crust of weathering are found in southern Byelo-
russia, where granite rocks are exposed. However, these are not abundant.

Byelorussia 1s included to the taiga-forest landscape zone. Geochemical and biogeo-
chemical processes are active in the hypergenesis zone there, Climatic conditions are fa-
vourables precipitation is abundant (550-650 mm) most part of it coming to the soil because
of a non-intensive evaporation.

Atmospheric precipitation pertlymigrate to the deeper horizons of Quaternary atrata,
partly participate in various geochemical processes of hypergenesis.

Boil formation on the territory of the Republic reflects four main genetic types:
soddy podzolic, boggy, soddy calcarsous, and alluvial meadow ones. As a result of the exis-
tence of several soil formation types which are in different combinations and amounts, 165
80il phases are distinguished in the BSSR. Soddy-podzolic soils are mostly widespread and
constitute about 70 % of the solil cover. The most important soil processeﬂ‘participating in
bypergene migration of chemical elements in the existing environment are distinguished as
those proper to Byelorussian landscapes and conditions of their formation. Firstly, during
801l formation, rocks and minerals are actively destructed and colloidal compounds are for-
med being one of the most important form of horizontal and vertical migration of the matter.
Secondly, in landscape of Byelorussla under existing climate conditions 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 lithogenesls and formation of various geochemical facies of bloliths,

Thirdly, soil processes are closely assoclated with the formation of natural water chemical.
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compesition with participation of easily mobile compounds of alkaline and alkaline—earth
slements, as well as of iron, Fourthly, soil profiles reflect dominant trends of weathering
processes and gecchemical composition of resldual preducts of soil formation and lithe-
ganesis.

Basging on the awvove, a sgpeclific character of soll processes in hypergene migration
of chemical e¢lements in Byslorussian landscapes can be characterized in the following way.
Hydrothermal regime of the earth surface favours an active migration of most of soil-for-
ming slements in the hypergeresls zone. Abundent forest and herbaceous vegstabtion contri-
bubes bto the formationm of considersble amounts of organic mabtter which 18 eccumileted as
peat, humis and obther organic compounds, Desbruction snd mineralization of the orgamic
metter, gurface and soll waters are enriched with C0,, organic sclds and mineral salts,
bacome acid and highly reactive. An acid medium formed as & result contribubes to a strong
decomposition of the mineral mass, Alumosilicates are decomposed relsasing silica, alumi-
nium oxide and especially irom es hydrates, which migrate in the soil and weathering crust,
Bilicic and silicic-earth elements are removed to & lerge extent from the soil and parti~
clipete in the formation of the chsemical composition of natural weters and geochemlcal faci-
es and sediments. Weathering and solil formabtlon are accompanied by neogenssis of silice,
clay minerals (hydromica, ksolinite, chlorite), cerbonates {caleium, siderite, more ssldonm,
rhodochrogitie), iron and mangenese oxides and hydroxides (goethits, hydrogoethite), as well
88 phosphates of ferric end ferrous iron (viviaunite). The formation of geochémical facies
of sediments ere assoclated with them, The accumulabion of 0, in soils and cover rocks,
curbonates -in lacustrine sediments and meadow marls, as well as tbe formation of boggy
ores, peat and sepropsl are cheracteristic of the Byelorussian region.

A% present,zonal lithogeochemical, hydrogecchemlcal and pedogeochemical provinces
have been distinguished on the territiry of the Byelorussian 8SR, their geochsmical pro-~
perties heave been revealed end characterized.

The Byelorussisn region is related to a bilogeochewical zone deficlent in meny impor-
tant elements in solls and plants. Thua, mean conbente of iron and copper in solls of the
Byelorussian SSR are 41,5 times, sluminium, calcium snd nickel -~ 2, titanjum, menganese and
vanadium ~ 3 - 3,5, magnesium, chromlcum-5 times less than the clark vmlues of thése gle—
ments according to Vinogradov /1/. Only silica conbtent in soil of Byelerussis are some-—

whal greater than the clark value, and potessium and zircon are wibthin their clarks(table 1).

Table 1. GEOCHEMICAL BACEGROUND COF THE BOIL CCOVER OF THE BYELORUSSTIAN BSR

n

Soil 840, A1205 1?8205 Ca0 MgD K50 Nas0
%

content for the BSSR
at large B2,2% 6,31 3,450 0,98 0,5% 1,76 0,67
clak valuss sccording
to Vinogradov 70,62 13,57 5,43 1,92 3,32 1,64 0,85
ratio of BSSR olark to
Vinogradoviaclark 1,2 0,5 0,6 0,5 0,2 1,4 0,8



Soil Ti Hn Cu mi Co 7 Cr Zr

conbent for the BSSR

at large 156,2 24,77 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 0,8 10,0 20,0 30,0
ratio of BSSR clark

%o Vinogradoveclark 0,3 0,3 0,7 0,5 0,8 0,3 0,2 1,1

Geochemical index of soils of the Byelorussian SSR isi
510, (1;2)
K,0, Zr (1,1) wee — e,
Na,0,C0(0,8),Cu(0,7),F8,05(0,6),0a0,41,05,N1(0,9),T4,Mn,V(0,3)

Low concentrations. of several minor elements in soil of ¥the Republlc manifest them-
pelves by diseases caused by suppressing eynthesis of B12 ineluding cobalt, growth of thy-
rold gland and goibtrous disesse (dus to cobalt and lodins deficlencyd, caries of teeth
{fluorine deficisency), by abortion and drowning of cereals {copper deficiency in peat-boggy
spila), ete.

Accordingnﬁatural conditions (topography, soil type, degree of wetting), complex of
chenical elements in major types and phases of soils, character of thelr migration in a
gysten "soil-forming rock-soil ", and peculilarities of their spatial distribution, the
author was first to distinguish wlthin %Hhe Republic's territory three soil-gecochemical pro-

vinces ~ porthern, cenbral snd southern ones (Fig.1) /2,3/.

The nopthern pedogeochemical province covers about 24,6 % of the BSSR territory, Soddy-
podzolic soils dominate (42 %). Considerally smaller areas are occupled by sandy-losmy (21%3,
sandy (25 %) and boggy (7%) soils. This regdorn is characterized by the lowest contents of
3102 (83,09 %) and highest concentrations of all the other microcomponents (AlEO3 - 8,91 %,
I"eao3 - 2,14, CaQ - 1,16, Mg0 - 0,89, K0 - 1,97, No,0 ~ 0,78 %). Solls of this province
include the highest amounts of such minor elements Bs manganese (44.10_3%);9hrdmium (3,6.10"3}
and nickel (1,7.107°%) (table 2).

Table 2. MBAN CONTENTS OF MICROELEMENTS IN SOILS CF THE PEDOGEOCEEMICAL PROVINCES (F THE
BYELCRUSSIAN SSK, n.107°% per-dry matter

' i #n Mn
Provinces Ti M¥n v Cr Hi Cu o g T
Noxthern 143 44,0 2,73 2,6 1,7 9,9 C,47 25,9 12,2
Central 126 29,0 3,24 2,9 1,2 0,9 0,81 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 where elements before a fraction show soil contents equal, or simi-
lar to those of underlying rocks {(eluvial accumuilabtion coefficlent Kea = 0,9 - 1,1}, elements

in numerator are those accumilating in scils (Kea;>1,1), and in denominator - dispersed

28



elements (K, <1,1).

The geochemical index for soils of the northern province is as follow 1
En
Ti, N1 o577 CE7 v

The central pedogeochemical province covers 42,38 % of the republic's territiry.
Soddy-podzolic loamy, soddy-podzolic sandy-loamy, and soddy-podzolic (pale-yellow) soils
on loespes apnd loess—like loems are widespread. The province is characterized by the fol-
lowing mean contents of major elements 3 510, - 85,23 %, A1205 - 6,69, Faao3 - 2,04, Ca0 -
1,18, Mg0 - 0,75, K20 - 2,97, and Naao - 0,76 %. Among microelements the highest contents
of vanadium (3,24.10_5%) and the lowest contente of titanium (126.10'3%) and chromium

(2,9.102%) are to be mentioned. 4
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Fig.1. lap - scheme of pedogeochemocal provinces of the Byelorussian SSR
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Geochemical index of the Central pedogeochemical provincei is ae follows 3

Mn, V
T =3, f1,CF

The Southern (Polessie) province occupies the lowsst southern part of the BSSR terri-
tory covering 33,02 % of the whole republic's area. Soddy-podzolic sandy (57 %) and boggy
(27 %) soil types dominate.

The Southern pedogeochemical province is characterized by the highest contents of
810, - 90,48 % and the lowest Al,0; - 4,83 %, Fey0; - 1,34, CaO - 0,53, Mg0 - 0,33, K,0 ~
1,04 and Na,0 - 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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systams Cu Mo, ¥, Ni, Or, Td-.

Biogene element accumlation in soile dominabtes. The separated provinces include 7
subprovinces, 18 soil-geochemical regions and 15 subregions.

The given daba on the gecchemlcal background of the soll cover of the Byelorussian
55K are ab present of practical importance for carrying ocut technogenic geochemical rscon-—
atitution of Byelorussien solle and realizing meagures in the field of the envirooment
optimization.
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Regional distribution of As, Sb and Bi {n the Grampian Highlands of Scotland
and the English Lake Districl: implications for gold melaHogeny
JAPlant, D C Cooper, P M Green, A Reedman and P R Simpson (BGS, Keyworth)

Abstract

Reglonal geochemical data for the gold pathfinder elements As, Sb and Bi prepared by the BGS
over the Grampian Highlands of Scolland and the English Lake District are discussed with
particular reference to models for gold mineralization. in the Grampian Highlands the
elements are enriched over the upper Middie and Upper Dalradian rocks, whereas in the

L aks District concentrations ocour over the Skiddaw Group and Eyeolt and Borrowdale
Volcanig:s. In both regions, high levels of the gold pathfinder elements {and gotd in panned
concentretes) are associated with shale-1urbidile sequences in tectonically controlled
exlensional basins and in the Lake District also with volcanic rocks.

The Dalradian orogenic basin has been related lo trans-Caledonide extension possibly
associated with movement of & predominanily {ranscurrent continental margin o the south.
The Skiddaw Group has also been suggesied to represent the depostts of a marginal basin, in
{his case localed along the NW edge of the Avalonian~Cadomian continenia plate bordering
the apetus Ocean; sediment deposition in the basin having been interrupled by the
development of a volcanic arc represenied by the Eycott and Borrowdale Yolcanic Groups. In
both regions known gold mineralizalion and anomalous Jevels of the gold pathfinder elements
and of gold in heavy minerat concentrates are associated with igneous intrusions or
tineament systems culling enriched metasediments or valcanic rocks.

The Grampian Highlands and English Lake District evolved as part of the Amer ican and
European continental plates, which were separaled by the lapelus Gcaan until they were
tectonically juxiaposed during the late stages of the Caledonian orogeny. The similarity in
the 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. Instead, they support a model
whereby gold end its pathfinders were initially concentraled in sedimentsry sequences in
rapidly subsiding, lectonically controlled basins and in associated volcanic rocks.
Remaobilization occurred subsequently, probably as e result of an increase in the oxygen

fugacily associated with the influx of granite magmas inlo the erust and the estahlishment of
hydrother mel eonveclive circulalion systems

61



MAPPING THe CLOSED AREAS OF ORE I0MS BY A HYDROGEOCHEMICAL METHOD

A.M.Plyusnin, V.V.Toelcchkea, V.A.Korsak
Geological Institute of the US3R AS 8D, Ulan-Ude,USSR

Regions of completed folding of Meso:zoic tectono-magmatic activity contain great prospects for the
discovery of gold-ore, rare-metal, flucrite and other mineralizations. Tectonic movements of activity showed
themselves on a great territory and resulted in warping the earth's crust and shaping ridges and
intermountain areas.

The conditions for mineral deposit search are compl icated. Intermountain areas and their foothills
are closed with polygenic sand, its thickness reaching dozens of meters. Low mountains and highlands are
covered with pine forest and foothills and depressions take up dry steppes. This territory is a region of
Large population which is occupied with field-crop cultivation and cattle-breeding. The application of a
hydrochemical method for mineral deposit search may be very useful under these conditions. Man-made
reservoirs (holes and wells) as testing ones and drilled for the water-supply of the population and farms
are added to the natural reservairs (springs, surface-stream flows, lakes, etc.); it gives the possibility
to regulate and to compact testing.

The separation of the associations of naturzl water parameters characteristie for oscurring
geochemical processes and water interaction with geological formations is Llaid into the basis of the
interpretation of multicomponent information. It allows to thoroughly base choosing the places for carrying
cut detailed prospecting.

Due to the establishment of the cnaracteristic asscciation of elements it is possible to define a
processg which results in the formation of cne or ancther water chemical compositicn. For example, within
the crystalline rock masses of depression framing the formation of water chemical compesition are mainly
connected with feldspar weathering and anorthite, in the first place. Correlative honds are established
among calcium, magnesium, sodium, potassium, hvdrocarbonate and the acid-basic irdex of medium. The
synchronous delivery of fluorine, molybdenum and sulphate into the solution indicate th= geochemical
specialization of weathering alumosilicates in this regicn.

Within intermountain areas the formation of water chemical composition is taking place under the
influence of some regional factors, as alumosilicate weathering, ion change and salting processes. Each of
these factors is characterized by a definite element association. For example, the sepairation of the
asgociation of such parameters, as pH and HCO is characteristic for a salting process. Due to the value map
of the separated association of parameters it is possible to choose the arexzs wnere this process is playing
a dominating role.

The exploration of ore mineralization by a hvdrogeochemical method may be carried cut using direct
and indirect parameters which are mineralization indicators. The rocks exploited hydrothermally can be used
as the indirect indicators of miperalization. Their revealing is of great interest, as the dimensions of
rocks changed are often found to be greater than ore bodies. Their revealing is quite possible by a
hydrogeochemical method, as underground waters interacting with such rocks are enriched in a certain as-
sociation of elements, For example, waters are enriched in gotassium, Lithium and silicium when interacting
with propylite facies, fractursd metasomatite and guartzite ones containing potassium. This =zlement
association is also established in underground waters of gold-ore manifestaticn known in this region. As
a whole, such an element association is typical for the waters confined to the zone of dislocation with a
break in continuity., Ore elements, such as silver, lead and nickel are marked paralliel with the elements
mentioned above, when underground waters interact with hydrothermalites in which there s ore
mineralization.

Several element associations are chosen which can be used as the searching signs for rare-metal and
fluorite mineralization. For example, in fracture waters and pore-strztal ones of a depression this type
of mineralization is distinguished by the association of such elements, as molybdenum, tungsten, fluorine
and calcium. The cLement association chosen is typical for ore manifestations of such a type in the region
under investigation and it rouses quite a definite interest in prospecting.

N
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GEOCHEMICAL MAP OF A CARBONATE TERRAIN BASED ON SOIL SAMPLING

ESAD PROHICY, SIMON PIRC™ and NINA zupANCICH

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
1988 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 1989, about 4ooo km? of Istria 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-
ment samples. The upper 15 cm of the soil profile were collected and the minus

2 mm fraction ground and reduced to minus 0,064 mm size for analysis. The
minus o,064 fraction of stream sediment was obtained by sieving the collected
fines. Twenty elements (Al, Ca, Fe, Mg, Mn, Na and Ti and Ba, Co, Cr, Cu,
(3a, 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 rnedia,
between carbonate and flysch regions, hetween 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 carbenate substrate and flysch in Ca, Mg, Na and

5r, which are oepleted, and Fe, Ti and Zr which are enriched in soil on carbonate
rocks.

pifferences between the flysch lithology of the two sedimentary basins is indicated
in both soil ang 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.
Anamalous zones of Pb prabably reflect envirommental pollution. Computer-—ade
geochemical maps of lIstria for Pb and Ca is to be enclosed and results dis-ussed
with an emphasis on the lithology and enviromental pollution. Additionally the

soil sampling credibility in the geochemical mapping will be examine.

* nstitute for geological Ihvestigations, Zagreb, Sachsova 2, 4looo Zagreb, Yugoslavia
**/ Institute of geology, University in Ljubljana, AZkeréeva 2o, 6lopo Ljubljana,
Yugosiavia
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GEOCHEMICAL MAPPING IN LATERITIC REGIONS OF THE YILGARN
BLOCK IN AUSTRALIA

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

(1} CSIRO Division of Exploration Geoscience. PO Wembley, WA 6014, Australia
(2) GEOCHEMEX Austratia, PO Box 281,West Perth, WA 6005, Austrzlia
(3) Sons of Gwalia NL, GPQ Box, Darwin,NT 0B01, Australia

The feasibility of carrying cut geochemical mapping in lateritic terrain in Australia is
demonstrated by examples of low-density sampling within the Archean Yilgarn Block and i%ts periphery in a
programme primariiy designed for the purpcse of research in developing methods for mineral exploration.

The prime sampting medium used was Llateritic residuum, or its quasi-residual loose gravel
equivalent, with samples typically being either 1 km or 3 km apart, depending upon the stage of expleration,
target expectations, and bedrock characteristics., The approach was to use o 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 etement levels in classes of ferruginous materials at
surface; regional patterns in Llithophile element levels in Laterits 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; ard variations on a kilometer scale that derive from the presence
of concealed ore systems.

Knowledge of regolith/tandform relationships, from regional to district scales, are important for
the design and execution of sampling programmes, and for presentation and interpretation of gecchemical
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 reiict laterite can extend the terrain
appiicable 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 MAPPING
USING LAKE SEDIMENTS'

P.J. Rogers® J. A. C. Fortescue®’ and J. G. Ogden'

Lake drainage systems cover large parts of the Canadian landmass. For this reason lake sediments have
been used extensively during the past 15 vears as a medium for mineral exploration or resource appraisal
geochemical mapping (Hornbrook, 1889). Grab samples of lake sediment provide large multielement
geochemical databases well suited to mineral exploration purposes (Rogers and Chatterjee, in press). These
grab samples may lack stratigraphic detail, however, and when mineral resource appraisal and geochemical
baseline information is desired from lakes, sediment cores are required. Lake sediment is perhaps unique
as a mapping tool as it defines both spatial and temporal aspects of the catchment’s landscape evolution.
Indeed, lake sediment has been likened 1o a mass storage device for historical geochemical data derived
from the catchment (Ogden et al., 1988). Geochemical data from lake sediment cores may be used (1) for
geochemical mapping, (2} in pollution studi=s and (3) in investigations of global climatic change. If lake
sediment cores are used us a medium for geochemical mapping such mapping may relate to anthropogenic
input of elements during the past few hundred vears und/or to material laid down prior to the advent of
modern man in lake catchmenis of interest.

These sediment cores are of two kinds' "short cores’ {30-40 cm long), which usually include sediment
laid down during the past 200 years, and ‘long ~eres’, which peuetrate the entire organic jzyer at the bottom
of a lake and are usually 3-5 m long. Short cores are used in acid rain studies to trace the pH history of
lakes during the past 200 years using geochemical and diatom inferred pH methodologies (Fortescue, 1984,
1985). Lake sediment iong cores include matenal lzid down since the last Ice Age and can be used to
describe the geochemical, palynological and diatom history of lake catchment areas.

Data from Ontario and Nova Scotia demonstrate that spatial correlations and temporal markers from
lake to lake can be established by these methods. For example, a ragweed (Ambrosia Spp.) polien layer in
Ontario and a Plantago Spp. poilen laver in Nova Scotiz have both been used extensively to date the
chemical stratigraphy of lake sediment cores collected from these areas.

Our lake sediment core case histories also describe at least four types of Canadian acid lakes. Some of
these lakes are naturally acid and others have become acid due to acid rain, pollution and/or environmental
degradation. The geochemistry of past- Ambrosia environmentat disturbances has been noted from lakes
near smelters in Ontario and from the post-Plantago laver at Chocolate Lake, Nova Scotia. Dramatic
increases in baseline metal values {e.g. by Pb due to automobiles, Cu due to modern plumbing, V due to
home heating oil, etc.) are observed in most fnke sediment cores. Cores from some Nova Scotia lakes
include a geochemically distinct 'backhoe’ horizon caused by accelerated bedrock weathering due lo
excavation and construction activities in catchment areas about 40 years ago (Ogden et al., 1988). Certain
elements can also be used as time and spatial or ballistic markers. For example Ni, Cu, U, Br, As, Sb and
Co have been found useful in Ontario and Al and Zn at Soldier Lake in Nova Scotia (Fortescue, 1986;
Ogden and Rogers, 1988).

All post-glacial lakes in central and eastern Canada show an increased organic content with time from
ca. 10,500 to 9,000 radiocarbon years before present (RYBP). This increase is a consequence of decreased
soil erosion and increasing vegatation as post-glacial warining permitted a re-cstablishment of closed boreal
forests. In Nova Scotia, lake sedimen! cores recoid a distinct climatic change to a warm, dry maximum at
ca. 3500-5500 RYBP, the xenothermal interval, Ruduced precipitation and runoff during ihis time lowered
flushing rates and increased organic sedimentation, The possible effects of future global warming can be
inferred from such data on previous periods of global warming recorded in long cores.

1 Abstract submitted to 14th IGES, Prague, Czechoslovak:s

2 R. R. 4, Shubenacadie, Mova Scotia, Canada BON 2ZMNO

3 Ontario Geological Survey, Kinistiy of Northern Development and Mines, 77 Grenville Street, Toronto, Outario, Canada MTA 1 W4
4 Depaniment of Biology, Dalhousie University, Halifax, NHova Scotia, Canada B33 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 vears. Long lake sediment
ceres, 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 Geological Survey of Greenland
L. Thorning @stervoidgade 10,.
T. Tukiainen 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 km? at the scale of 1:1,000,000 of the
Archaean shield in southern West Greenland including the Godthaabsfiord
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.
Gronlands geol. Unders. 145, 59-64.
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GEOCHEMICAL MAPPING OF PRIMARY AND SECONDARY UETTINGS IN ORE-BEARING RIEGIONS
L.V.Tauson, R.G.Kravtsovae, R.H.Zaripov, Institute of Geochemistry, Irkutsk, USSR

The comprehensive gecchemical mapping is made in one of ore-bearing regions of North-
Lazgt USLBR. Ore-bearing capacity of the area is determined by many-stage processes of Late
Cretacecus mzgmatism and hydrothermal activity and represented by tin-rare-metal, tin-
gllver, sllver-polymetallic mineralization.

The study of endogenic geochemical fields of concentration (GFC) shows that each
ore~bearing focrmation is characterized by individual geochemical element association
with quantitetive ratics, which vary depending on the level of the erosion shear and the
Cepth of miperalization formation. The geochemical models of vertical zonation have been
mede using mapping of the endogenic GPC of ore-besring objects.

The cumparigon oi gecvchemicel maps, obtalned from different scale surveys from the
seoondery baloes and stocam sediments with resulis of study of the primary endogenic GFC
showed, thal ihelr compowition ané structure correlmte with the compoaition of the ero-
ded end drained objects and the fsatures of sonal development of ore mineralization, in
meat cuses are expluined by tne compositilion and ztructure of exogeriic GFC. The establi-

shed qualitative-quentitative relations between 1ithochemical GFC in different media
1.

were used for conbrusting comprehensive geochemical models: the primary halo-the secon-

dary halo-amtream sediments (Table).

Grochemical elemeni zuscciations

Type  Erdogenlc Fxogenic

Gin Frimary halc Szcondary halo Stream sediments
Tin-raze~ | As W Bi_ Su_ Mo | As bi_ W Su Mo |As Bi_ Sn W Ag Mo
e bal {750 600 450 50 26 | 650 400 90 30 15 [140 44 34 11 1M 2
Silver- Ag EFb Hz Mn  “n | Ag EFb_  Mn Hg Zn Ag  Pb Heg Mn
polyme— | 8500 250 W5 25 6 95 40 14 10 5 25 4 2,5 2,5
sailic |
e IO

*
=~ denominator shown average valuesg of contrast coefficients of elements

The comparigon of the secondary and primary haloes indicated the similarity of their

e

quulitetive somposition on the baciground of concentration decrease,excepting the cases,
when the thickneaz of losge gediments signlficantly dncremses.
Relatively low contrast voeffisient and the common character of the development are

drez2 of lithochemlesl

ancwedices irom stream sediments. In some cases,
ed. 3implicity, speed, the possibility
to obbain inferaalion on ovrse-formativnal and melellogenic features of the region are the

ciaaracieriatic

&

clement relationshil L

the quantitative

lavourabdle gopecvs of lithochemicnl survey from gtream sediments.

The compreacenslive geochemical mapping showed, that the vertical geochemical zonation
la comson nol snly for the deposita, but for ithe wnhole ore -magmatic system. The geoche-
mical model of the cndogenle verticel zonatlon of Gue c-magmatic system includes: the

gource of ore subatuuse {th chamber of granitoid quut\éﬂFC of the pneumatolite stage:

tia-rare-matale -2 55 1 MO L. gFC of hydrothermal stage: sulphide-polymetallic-
1850 500 450 50 20

As  Eb  Ca  Zn = pin-pilver - A8 Jn  Ag  Bi - ailver-polymetallic - Ag Eb He
150 25 @20 20 175 106 65 35 500 250 73
M _&n
25 &

It wan statsd, that the principles snd the methods of geochemical mapping should in-
clude the forretinn featurcs of GFC of the entire ore-magmatic system, as they are the
integral expressicn of subgeguently developlng processes and contain all necessary infor-
mation on their pecularities, trends and scales.
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MINERALOGICAL-GEOCHEMICAL MAPPING OF RARE-METAL AND MIAROLITIC PEGMATITE FIELDS AIMED AT
PROSPECTING
V.E.Zagorsky , I.S.Peretyazhko, L.G.Kuznetsova, 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-
tes.

Li,Be,Cs,Ta,Nb,Sn deposits as well as the deposits of piezooptic and gem-stone raw
materials are asscclated with rare-metal and miarolitic pegmatites. Several evolution geo-
chemical ( mineragenic) pegmatite groups are distinguished. They unite genetically and
spatially connected assemlages 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 (Ii,Be,Ta,Cs) evolution
groups are the most 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 i1s terminated by a certain
commercial pegmatite type. But insignificant minority of pegmatite bodlies within the
fields and the veined series refer to commercial types. The prospecting and evaluation of
the pegmatites with gem-stones and plezo-raw material are rather difficult since the use-
ful mineralization in them 1s local and uneven.

The efficiency of prospecting-evaluation works in fields of rare-metal and miaroli-
tic pegmatites significantly increases in mapping of geochemical features of different
pegmatite minerals, especially feldapars and micas. Feldspars and micas are enriched in
Li,Rb,Cs,T1 and depleated in Ba and Sr, simultaneously with K/Rb, Rb/Cs, Ba/Rb decrease
as pegmatlites productivity for rare-metal and crystal raw materlals 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 quantitative 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 most informative ¢lements and their ratios in feldspars and micas, are elabora-
ted for the main groups of rare-metal and miarplitic pegmatites. These diagrams . show the
regions, corresponding tc non-productive, weakly-productive and commerclally productive
pegmatites, considering their speciaelization. The correspondence of each sample to an
appropriate region on the diagrams is reflected on the maps through special signs 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 i1s especially important for
sorting of areas with poor outcropping. The mineralogical-geochemical mapping of dif-
ferent scales (from 1:25000 to 1:2000) of some rare-metal and misrolitic pegmatite fields
of the USSR has been performed. The mineralogical-geochemical mapping permits to recog-
nize the specific features of zonation of pegmatite fields, difficult to be established
via other methods, to determine speciaslizatlon 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 studlied 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 field.

References

1. The fields of rare~-metal granite pegmatites 1976, M.:Nauka, p.328

2. Zagorsky V.E., Shmakin B.M., 1987: Principles of miarclitic pegmatites classification.
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SCOPE OF IMAGE PROCESSING METHODS IN GEOUHEMICAL EXPLORATION METHODS

Vdclav Bezvoda, Charles University, Czechoslavakia
Josef Jeiek, Charles University, Czechoslovakia

Stanislav 5aic, Academy of Sciences, Czechoslovakia

The coniribution 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 vizuslization, fast operations on large data sets, combination of
different results). Such a way of processing is extremely sensitive fo linear inhomoge-
neities.

The possibilities of the new way of processinp and vizualization give a new dimension
to tested methods developed for multidimensional data evaluation especislly in ihe 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. (19B6)).

The computaiion and vizualization has been performed on a French system PERICOLOR
2001. For the standard routines user oriented software of the microcomputer, for the
two dimensiopal “linear filtering (in freguency domain) a program package PERIGED deve-
loped by dr. Jezek have been used. The description as well as a Fortran 77 program for
this method of data pracessing is given in Bezvoda et al. (in print).

References:

Bezvoda V., Jelinkovd E. . and Segeth K. (1986): Evaluation of Geochemical Data
Acguired From Regular Grids. - Mathematical Geclogy Vol. 1B, Mo. B.

Bezvoda V., Jeiek J. and Segeth K. : FREDPACK - a program package for linesr filtering
in the frequency domain. - Computer and Geosciences. Accepted for publication
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INVESTIGATIONS OF SPACIAL GEOCHEMICAL INFORMATION
FOR PROSPECTING PURPOSES USING COMPUTERS

E.K. Burenkov, L.N.Ginzburg,B.S.Xogan
Institute of Mineratogy, Geochemistry and
Crystallochemistry of Rare Elements,
Moscow, USSR

Prognestic possibkilities of geochemical information are defined by the obtained gecchemical field
model, its structural presentation is based on the fundamental Clark-Vernadskit law: contents of alt
chemical elements differ from zero im any elementary Earth space and depend on special coordimates, Thus
wa 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 preblem
Lies in nop-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
compri Lation of prognostic geochemical maps.

A universal system "GEDSCAN" 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 heterogensous ancmalies are distinguished,
background fields are differentiated and quantitative characteristics of separated elements of the structure
are gbtained.

A package of programmes "GEQSCAN-200" has been created for the processing of large-scaled
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 balos of deposits.
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PROCESSING OF GEOCHEMICAI DATA USING "MOVING AVERAGE" METHOD FOR THE SOLUTICN OF
CERTAIN PROSPECTING AND PREDICTION TASKS

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

1. In the process of geochemlesl prospecting fields of mineralized quertz veins wlth uncer-
teln outlook often revealing. Areas of such fields can reach several aquare kilometers at a d4lf-
ferent extent end vein thiclmess. Vein fields can bear avarious ore minerglizetion at a depth or
can be indicators of unexposed ore stockworks or eccuring at the initiel stage of exposure. The
study of endogenic zonation in the distribution of chemical elements in veins end assessement of
their level of ercsion plays en lmportsnt role in their prognostic estimation. Simllar problems
may arige in studies of dyke fields with which can be assoclated concesled mineralization.

2. The study of primery geochemlcsl aureocles of gquartz vein flslds indlcates, that in them,
endogenic zonatlon of minerelizsation usually manifests itself aa in geological bodies assocla-
ted with minerelization. I% ie very important for the estimetion of such fields and prediction

of g concesled ore deposlta.

3. The study of such zonation by traditional methods using secondary or primary eurecles of-
ten falla to glve expected results egpeclally at thelr supre-ore level. Drawing of primery au-
recles on each vein {or dyke} is very difficult and feils to yield a genersl plcture of their
atructure. The greatest effect is achieved when constructing generalized schemes showing the

distribution of enomelous chemical element contents, in veing themgelves. To thils end, the con-

tents of elements discovered in velns are averaged by "moving window" (moving sversge) method
and from them schemes are conetructed for g generalized distribution of averege elements cont-~
ernts within the entlire field, as whole, and not from separate veins. Dimensions of "window"
sre chogen proceeding from particular geological conditions in order not less then 12-15 sam-
ples £811 within it.

4. When meking schems the endogenic zonation in the distribution of enomelous contents of che-
micsal elements, permitting to predict a possible type of mineralization and to give a qualita-
tive egtimetion for 1%s level of eroplen, 1s clearly marked. Quantitative expression of zonati-
on 18 achieved by the determination of zonstion indices by the calculetion of average amount
rations (or anomsly productivities) for chemical elements which tend to concentrate in ore bodi-
eg {or subrore horizone) to contents of elements typical for supra-ore horizons. The experlence

shows that e resolving power of such indices of zonality, for exemple, for molybdenum stockwork
mineralization reaches to 10 million times.

This technique can be succesafully used in studies of dyke fields end minerallzation associ-
ated with them.
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APPLICATION OF EXPLORATORY DATA ANALYSIS IN
REGIONAL GEOCHEMICAL MAPPING IN IRELAND

Patrick J. 0'Connor, Geologicsel Survey of Ireland, Dublin, Ireland.
Clemens Reimann, Joanneum Research Association, Leoben, Austria.

The Geological Survey of Ireland has initistea 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, ta, Li, Lu,
Mn, Mo, Na, Ni, Po, Rb, Sb, S5c, Se, Sm, S5n, Ta, Tn, Te, Th, U, V, W, Yb, Zn and
Ir) are routinely oetermined by instrumental techniques (AAS and INAA) on the
wet-sieved <150um fraction of sediment. To date, a multielement databsse for
some 2500 samples (covering about 7,500 kmZ) has been acguired for three
regions.

Data analysis employs resistent non-parametric technigues (Exploratory Dsta
Analysis} For objective selection of outlier values ({(anomalies) and class

boundaries for each elemental distribution. Such techniques are more
gppropriate to the treatment of geochemicel data than classical statistical
procedures. The observed correlations of regiona! geochemical variation with

untgerlying geclogy and of outlier values with known bedrock mineralization
support the view that the £DA approach offers an alternative, viable, method of
geochemical mapping in Irish terrains.
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PLHEFROVED AULGMATICH SIATEN FOR PROCESSING GF GBOCHENICAL INFORMATION VIA THE METHCD CF
NULTI-DIMINZ10WAL PIELDS

[

Vo, bvdekinova, RolhEitaev, Ingtitute of Geuchenictry, Irkutslk,

Tae final results of geochemical prespsctlng snd mapping, depend both on the methods
of prospecting and those of geochemical data processlogs i.e. the sfficilency of these me-
thods Lo obtaining the information needed for forecaat.
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REGIONAL DATABASE ON GEOCHEMICAL ANOMALIES OF
THE UKRAIME
(Experience of Reatization 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 3SSR)

An array of relational geotcgical-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-prigination processes is potentially ore-
generating ane. So information on geochemical ancmalies differs from the background ane in logic and methods
of application. Background informationm is used to determine average content ar “"supply” of those or other
chemical elements inte the objects to be characterized and compared. "Aromalous” information characterizes
not so much supply of anomalous element as the confinement of potential-minerogenic events to one or another
geolegical object {structural-substance complex, tectonic zome, 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 aromalies 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. Mumber of aiming point {outcrop, wetl). 6. Interval of sampling. 7. Name of the enclosing rock. 8.
Petrolithotype of the enclosing rock. 9. Basic rock-farming minerals. 10. Accessory minerals. 11, Ore
minerals. 12. Superimposed processes, 13. Structural-tectonic position {geoblock, interbtock zone, zone of
deep fault, etc.). 14, Stratigraphic nomenclature of the anomaly.enclosing rocks (series, complex, suite,
rock mass). 15. Formational nomenclature of enclosing rocks {group of formaticns, formation, facies). 16.
Type of analysis. 17. Laboratory source and its metroiogic parameters. 18. Content of anomalous elements.

Technigue and speciat 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, tabies for construction of
forecast functions, specialized diagrammatic maps of ancmalies and values of forecast functions are eigen-
functions of ancmalies base.

Database on anomalies within GEOMET is a part of common relational database and is used to analyze
metaliogenic 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 Lypes 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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AMOMALY RECOGNITION APPLIED TO LATERITE GEOCHEMISTRY, YILGARN BLOCK, WESTERN AUSTRALIA: APPLICATION OF DATA
ANALYSIS AND STATISTICAL TECHNIQUES

E.C.Grunsky and R.E.Smith
Division of Exploration Geoscience CSIRO, Wembley, 6014, AUSTRALIA

The trace element compositions of Lateritic materials are useful for determining the potential for
precious and base metal deposits which can occur within the Laterite itself as well as in the underlying
bedrock. Anomalous multi-element geochemical signatures are generally associated with many ore deposits and
a variety of numerical techniques are used in order to refine the characteristics of the anomalies.

Numerical methods have been successfully used to describe and discriminate background abundance
levels from mineralized zones. These methods include principal components analysis, discriminant functions,
non-hierarchical clustering and classification techniques. Many of the trace elements are non-normally
distributed and many samples commonly contain abundance lLevels that are Less than the detection Limit of
the procedure used to analyze for them. Where possible and appropriate, transformations are applied to the
data in order to use parametric statistical procedures. Robust procedures are also used where standard
parametric procedures fail.

Application of these techniques will be demonstrated with data from a regional Laterite geochemical
sampling programme together with orientation data within the Archean Yilgarn Block.




APPLICATION OF A NEW APPROACH TO PREDICT ORE DEPOSITS FROM ARCHIVE DATAS (BLOCK OF JESENIK
CASE STORY)

Hdjek J., Grym V., Z48ek M., Geoindusiria Jihlava, Czechoslovakia

During gecloglcal survey, geologilcal mapping and regional geologicel studies we obtain
geologlcal data sets of differsnt information level. In 1ts variability they have one common
propriety - they represent manifestatlons of mass and energy fields, hlerarchicaly ordered.

Informations, concerning mass field are contained in chemicel, physico-chemical, petro-
logical and mineralogical analyses, in geologlcal maps and its legends. Informations concer
ning energy fileld we obktain from gecphysical and tectonic maps.

Informations abont geologloal esge result from model caleculations end olassification of
stratigraphy.

It is possible distinguish areas of disturbed geological field and not disturbsd field
by system analyses of geologlesi data, Disturbed geologiecal fileld represents potential ore
~bearing ersas.

Data treatment (with a view of prediction) is made in two stages. In the first one we
convert sll data into qualitatlve level end define single partial fields (mineralogicel, che-
mical, geophysicael end tectonical filelds) and we obtain so called kinemstlc graph delimi-
nating areas of maximum distmrbances in geologlcal field.

In the second stege, using models of known ore deposits we appreclate single anomalies
from the vlewpoint of ere potential. On the basils of these results we can define with more
preolsion ideas about metellogenic systems in studied area and snomalies position in these
gystems, '

By this process ore potcntial of several regions in Ceeschoslovakia, Cuba, Mosambigue,
Iran, Ethiopia and Mongolia was evaluated in last years. The latest evaluated region is
eagtern segment of European Variscides in Crechoslovakia = block of Jeseniky Mte. with
significant polymetallic stratabound mineralirations in devoniah volcanogenous formations
of tholelit=dacite-rhyolite faoles.

Faoles olasslficatlion was made with morse precision nsing statistical and heuristic
evaluatlion of data sets of silicate anmlyses of rocks and ocreating geochemical models of ba-
8ic and acid membres of volcanosedimentary series. Reveluating lsotoplc enalyses of lead from
Jesenik ore deposits using classification by Pasians method, natural groups and their model
sge were determined.

Processing of la¥ge geoclogical data sets from Jeseniky bleck leads to creation of mo-
dsl of metallogenic active zones. Scheme marked metallogenic significance both Varilscan
volcanosedimentery series and shear and bleck dislocations.

Results of this work clearly show that above mentioned approach to data processing
(respect %o different quality of observations) can be effective in spite of archive date

vere usged.
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STATISTICAL EVALUATION OF GEDCHEMICAL DATA ON WESTERN CARPATHIAN GRANITOIDS

Katarina Janakova
Geological Institute, Slovak Academy of Scienmces, Bratislava, Czechoslovakia

Statistical evaluation of data on Western Carpathian granitoids was based on a data bank comprising
major- and minor-element data on about B50 rock samples. Except basic statistics (mean, variance, standard
deviation, roust parameters, histograms, box-plots etc.), multivariate methods were used as well - factor
analysis ard 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 gramitoids 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.0. - Piccoli P.M. (1889): Tectonic disecrimination of granitoids. - Geol. Soc. Amer. Bull. 101,
B35-643,

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, $56-983.
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THE ROLE OF SEMI-VARIOGRAMS IN GEOCHEMICAL PROSPECTING

U.Kramar
Institut fr 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,1871; 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 calculatdd as a function of
distance
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GAMMA (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 ¢, and Sill C;.
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The aim of this work is to present new methods which are
able to deal with this problem. Models of =emi-varlogram for
different geclogical 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 - Dalibor Matysek, Mining University Ostrava, Czechoslovakia

The hitherto published classifications of teschenite association rocks are very unequivocal. fue to
complex mineral and chemical compesition of rocks, great variability in structure and also due to high
degree of secondary processes on rocks the classifications are difficult tp compare and review. An attempt
was made to establish a classification of these rocks based on their chemical compositions using multidi-
mensional mathematic-statistical methods (MACHEK - MATYSEK, in press).

The multidimensional methods provided reliable resulis: they made possible to define seversl 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 new classification scheme and complemented the petrogenetic model of teschenite association rocks gene-
sis. :

MNevertheless, for the present the results must be considered only from the gualitative point of view.
The guntitative outcomes are debatable. The mathematical apparaius used in the study invelves methods deriv-
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 cortain outliers, The arithmetic meap 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
means, Hampel's estimates, Gastwirth median, trimean can be used in many geochemical situations. They can
be quite egasily included into clustering techniques forcing alse 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 hetween clusiers clustering becomes no more sensitive to out-
liers, skewed distributions etc. Performances with Gastwirth median or trimmed means are even mare safe.

The use of robust clustering methods is proved passing through all stages of processing of the te-
schenite association rock suite resulting in guantitative resulis.

Reference:

Machek P. - Matysek D. (in press): The mathematic-statistical study of the teschenitz association rocks
based on their chemical compositions. - Shornik (UG, Prague.
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SOFTWARE FOR THE TECHMQLOGY OF METALLOGEMIC FORECAST
Makedon I.D., Sadikov M.A.

All-Unian Research Institute for Ocean Geology
and Mineral Resources ' 'VNIICkeangeotogiya'',
Leningrad, USSR

The system of processing of packages of geclogical data in operating system (PGD 0S) is based on
the module principle and realized on gcomputers of single series (S8). PGD 0S contains a large set of service
programs (sorting, conversion, merging, selections, normalizaticon and centering, tabulation}; many of them
can use matrix with a special program. Realized was a set of statistical programs staring from computation
of elementary statistics (of means, dispersion, standard, coefficient of variation, asymmetry coefficient,
kurtosis cpefiicient, range coefficient); criteria of evaluation af their difference {Pearson test of fit,
Student’'s t-test, Fisher's variance ratio, Abbe number, Barlett and Raoc tests and the Like); pair, multi-
fold ({(after Yu.K.Burkov) and partial correlation; appraisal of homogeneity of coefficients obtalned;
computation of regression, discriminmant functions, different versions of regression factor analysis. A
substantial group of programs, related to hierarchical and nonhierarchical clustering of initial data,
ncluding that with regard ©o geographical coordinate of sampling points, was also developed. Different
estimates for successive data are to be obtained in the regime of 'sliding window'.

There is a group of programs which perform a Large set of petrochemical conversions (of
coefficients, atomic ratios, virtual compositicn, indexes of basicity of rocks and minerais). 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 alsc be processed with the aid of these programs. Naturaliy, all parameters obtained can be
schematically represented and mapped.

The system envisages built-in programming aids allowing compilation of subprograms for a user by
empioying and algorithms, as well as all-purpose procedures whitch permit to vary some parameters of
functional programs and include programs, prepared for computers 585 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 CS was used as a basis for the development 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 batcnes, characterized by a certain sequence and pricrity. 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, muttiple indexes) and with their systems (¢ontrast in rock types and
groups; factors; filling up informational and local gaps). The formation itself of such systems (open and
closed)} aliows 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 well as their variations in the process of system
evolution, are to be evaluated; this allows mathematical-geochemical models of naturati objects to be
constructed. Diversity of representation of initial data determines variety of model reflecting various
aspects of natural processes. Principtes of actuatism and unigueress can be taken as a basis of agreement
between the models and natural consistent patterns. The principle of unigueness is realized by the authors
in the form of the method of '‘exclusivemess'' 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 c¢lassifications based on coordinmates; this is a fundamentally new step in
understanding of geochemical patterns, and if, furthermore, we 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 ciasses with those of ''exclusiveness''
reflects a rather objective estimation of mineral rescurce potential of the area. The sequence of such an
estimation is determired by the scheme of strategy of geochemical prognosis, att 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 polyslemental geochemicai maps by the procedure of extreme situations
and concentrations, contrasts, contents {COCOC)}, worked out by the authors, also represents an tmportant
tink in the scheme of metallogenic forecast; although its software will no doubt be improved, even its
current state allows sclution of problems raised.

PGO 05 acts on computers SS within operating system 05 38. Under way are works at organization cf

exploitation of all the functionat programs of the package in two other media, namely, systems ef virtual
machines (SAM SS)and MS DOS (IBM PC).
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MODIFIED CELL HETHOD - 3D GEOCHEMICAL MODELLING
Petr Obst, Center of Applied Cecchemistry, Geoindustria Co., Jihlava

Thea specific medification of the cell method w=e developed at the Center of Appliad
Gepchemistry, Geoindustris Co., for the processing of very variable geoche#mical data of
soms localities.

The c¢o#ll method is bgoed on divieilon of & studied spacs intc regular segments (cellg).
Every cell is characterized by ithe samples inslde of it. According to the ceincidence or
the similarity of these cheracterlstics i1t im possible to group the cells to larger units
and to interpretate geochemical relatlons in a siudied araa.

The methed developed by the CAQ sppoints no statistic parameters in cells \ae it is
usual in most of other similar methods used by many suthors) but it calculates concrete
percentages of studisd characterlistica, In this way wlidely known problems with the rsli-
sbility of statistic parameters are eliminated.

The sffectiveness of this method msy be shown on two locallities where this method
was successfully used: the gold deposit felina and the polymetalic depesit KiiZanovice,
Both deposits are of complicated geolopgicel snd geochemical situation. Gecchemical dats
wera very varisble and the processing by classical methods gave no sensemaking resulte.

The Celina deposit is attached to the contact of the Central Bohemian Pluton with
the Jilové Beli. The Jilové belt conpists of effusive rocks end tuffs metamorphosed into
the greensionss facles apd contactly elteratad by the granitoids of the Central Bohemian
Pluten.

The dominant tectonic structure of the deposit arsa is the large WE mylonlte zone
gtrongly desping to N, There exlstas a genetic relaticn between thie zone and the paralell
syatem of gold-bearing gquartz veins up to 0.3 m in thickness with trece contents of sul-
phides and local accumulatione of the younger genetic type of scheelite ( ithe gold-bearing
mineralization of the daposli).

The seccend genatic type of scheslite 13 a member of the second, older, aeignificant
mineralizaticn $type of the deposit - velcanogsnic stratiform sulphlde minsraslization.

Geological situation of the deposlt them can be characierized by fest changes of
the lithologleal environment and by the interaction of two main types of minerslization.

For the evaluation the deposit was divided into 150 cublc cells arranged regarding
the network of underground prospeciing workings. '

After filtsring away of the disturbing geochemlical signael of the rock environment
the epace distributions of studied elements were drawn, According to the space correlation
the elemsnts wers divided into two asspciations:

1. the ssesociation of stratiform mineraligzation -~ Cuy, 2n, Pb, Ag

2. the asspclation of gold-bearing minerslization, which turned out to be zonal paralelly
with the mylopite zone as follows: (Aa+Sb) 2 (Au+tBi) > (Mo) with B as a rim of the
most intensively minerglized center of the depesit,

W i noted for the transieat distribution between these amsociationa.

Here the evaluation was temporarily interrupted till further data will be dispossbls,

The polymetalic deposit KfiZanovice (barlite, Zn, Cu, Pb) is siftusted near the border
of ftwo roeck types of the Nasavrky Massif -~ tonallites and the KFiZfanovice granite. The
deposit is developsd 4in strongly deeping WE zone of dynamically and metasomaticaly asltered
rocks (porphyroides and various types of quartzites). Stratiform and lens-shaped orebodles
themselves are considered to be the product of the finaml phase of meiasomatism.

In the deposit center there are crebodies arranged to the discontinuous fold-like
arc. This arc was interpreted as the strongly compressed sntlclinal bend. But some facts
did not support this interpretatiion,

The depoalt spsce with 61 borsholes in 15 cross seciions wae dividsd into 56 cells
prolongated paralelly with the coursme of the cross sactions.
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The most important rssult of deta operations in cells is the model of the versical
zonality of the deposit. Downwards from the surface lsvel these zonaz follow: (BBSO4iZn} 2
+ (Zn+BaSO4) 4 (CuzZn) -+ (Cu). Pb is not included inte this zonelity because the mejor
part of Pb pertains probably to one of post-ore mlnerglization pericds.

Thie knowledge about the vertical zonality wes the missing link for the interpretation
of the deposit morphology. Now the fold-like shaps of maln orabody could be re~interpretad
as the reault of activity of a complicsted system of paralell faults,

Except for hers descrilbed 3D variety of the cell method there is disposable 2D
varisty at the CAG, too, It is used for the svaeluatien of a surface prospection. Both

variets were successfully applicatad in various mutations at & number of localitiss.

Refarances:
Stieha R. (1987): Model vertikdlni zondlposti guracly laoZiska KfiZanovice a vyhodnoceni

litogeochemickyeh dat zony Kififanovice -~ Sematov. ZédvErednd zpriva iukolu
KFiZanovice 0Ol 83 3101. M3 CAG archives, Jihlava

Sticha R. ~ Cbat P. (1987): Etapovd zpréva dkolu Ceochemické modely Au lolisak a Au-W
mineralizace - lokalita Celins. MS CAG archives, Jihiava.
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STRUCTURAL ANAIYSIS OF GEOCHEMICAL DATA IN & LOCAL MINERAL PREDICTION
M.E.Ovsov snd V.H.Pitulko, All-Union Geological Institute, leminzrad, USSR

Earths substance in the process of evolution 1s in continuous movement which
results in "en order from a chasos", Convection 1a a predominanting mechaenism of
heat-and-mass traonsfer in the lithospherey its traces are reflected in the features
of geochemical fields. This mechanism is the basis of natural hisrarchy of
metallogenls unita of various ranka,

Data proceeding discovers the natural structure of ors-forming system. Maln
hierarchial structures aret (1) the hierarchy of cbservable variables -
concentrations of elemeata and (2) the hierarchy of objects both in relationship
and in spaoclisl-~geometrical co-ordination. An algorythm of structural anzalysis of
geochemlcal data conslsta In cyello recurrences of stapes of transformaticos of the
sane type, where the structure of variables and structure of objects have been
snalysed in succesplon. The following steps have been undertaken for every staget

1. Cluster analyails of correlated matrix of the variabless

2. Revealing of levels 1ln the siructure of vaviables;

3, Selection of the most common level and definitlon of cluster centres as
major correlated factora, obtaiming of the obligus-angled factor decigiong

4, Turning to outlining of the obJects in mpace of the meoat common variablea
(calculation of values of major factors}i

5, Transformation of space of major correlated factors into space of orthogonal
variables with subsequent hierarchial cluster analysis of the objects;

6, The aspalysis of obJects structure for the purpose of revealing of the levels
of their organization.

This procedure is spplied Go every of distlnquished data subsets. As a resulf
the gaochemical data are represented by hlerarchial structure which progressively
develops from the most general divisions 4o more detasiled amd specific,

On the geochemical flelds of gold and rare metal objects it ia ehown, that a
number of levels of deseriptlon is revealing in intensity and relatlonsblpa of the
glements. Thege levels avre suitable for mapplng and estimation of various aureoles.
Individualization of samples in the association of an ore complex 18 evidently
expresged at the gero level (maximum pumber of simple factors). 4% the first level
Li, Ag, Tl become yypomorphici an sssoclation of 8r, Ba, Cr, Ni is distinquished a%
the secoud level, The high clarke petrogenic elements are among the factors at the

1as level. 4 jump in an increment of similarity serves as a measure of differentlation

at a description of levels. Change in role of variables 1is observed betweon levels
and many examples from the practlce of prospecting confirms this.
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GUANTITATIVE ALBESSMENT OF POTEHTIAL METAL RESOURCE3 FROM STREAN| SEDIMEHTS
Vied,Romanov, Institute of Gecchemistry, Irkutask, USSR

Crie of the imporient problems in prospecting by gecchemical methods 18 the gquanitita-
live asgessment of mineralization from stream sediments (58). In cdlculaiion procedures
the setimsiicn of eTosiona) shear levsl of minerslization has a great significance { Solo-
vow, 19495, Felikerpochikin, Belogolova, 1982). The method of quantitative estimation of
potential meisl resources ia proposéd for weakly eroded deposits.

Thiz mothod iz brased on the model of formation of an ideal stream sediment according

te A.Fasslsver (19850 Ples_» (0 -Gp )
vibhare i; = apparent productivity, m2-%; g =the area of the denuded basin, m2; C%, Cé =
sibGued and background element concentrations, correapondingly,®.

The amounts of potential resources (Qﬁ) for the ﬁeasonable mineralization depth (D)

are eatimeted according the formula: Q= i .1 4. E: P
clc 40 izd t
whiere a'c = il loce) propotlonal coefllclents: Py o= "true" produciivity of 535, and the

dirislon by 40 corrsoponds to the treansitlon Irom mz-% to the poteniial resources of P2
rate in tons. ‘
The eatimetion of F% velue 1d the most imporiant parameter in the second equation.

It may be derived by +he formulae: ¢ = Pﬁ + C% i Ch = Gé—Cﬁ .100; G} = Ci . 100
81 i 100~}

By = 8,00 -Gy ? where C! = the theoretical element concentration in the train of 83,

confirming the stalenment; P% max =congt; P% w» the maximum value of apparent productivity
in real trae element concentration in F) =max point.

The value .0of a common proportion coefficient between potentisl rescurces and metal
°) iz determined by standartizaticon: K= p

Q

regerved in the dspogit (QO "

O.ha

the eatimetion of potential regources of lead, zinc, gllver and gold ia made for the
seierence altes, as well aa probable mineralization within one of ore-bearing fielda.

The raitios beilwsen poutentlal resources and meial reserves on the test deposit, accep-
ted ag vnitv, amount t¢ 1,02:1 - for lead, 0,%8:1 - zine, 0,67:1 - for ailver, 1,02:1-gold.

The promising areas within the ore-bearing field (Pig.) are: the surroundings of the
atandard deposit for gold-silver mineralization ( 5,2:1 for Au; 4,9:1 for Ag) and the
surroandinga of the tsat depoait for polymetallic { 2,32:1 for Pby 5,73:1 for Zn).

The aspatial dissribution of potential resources of the metals considered is corre-
lated with aineraloglcal-geochemical endogenic zonstion.

Fig. The potential metal resocun-
cesd (QD), eatimated from the
stream sediments of ore fields.
1 - NMiddle Upper-lesozocic effu-
galve rocks of basic-intermidiate

compogltion; 2 - Upper Mesozoic
grenitoids; 3 - Jurassic sand—
atonea; 4 -~ ore goneg; 5 -stream
beds; 6 - watershed lines ; 7-
potential metal resources.
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HIERARCHY OF SYSTEMS IN ORE-SEARCHING
GEOCHEMISTRY

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
segquence of stages and combination of mathods; hierarchy of the whole searching process; attention fo
methodology and ideology. Each cell of a scheme can be developed into a tower-level scheme. A set of such
different-level schemes of: strategy of prognosis; data proucessing; tasks to be solved with the aid of
processing of packages of geological data; clasgification with consideration for coordinates was
constructed. Current with an hisrarchy 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 impertant. ALL
of them can be quantitatively characterized only through the system of gquality 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 ohjects 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 principte allows us to autline
appropriate hierarchical levets according to sophistication of the system and their combination in
independent, crossing and overlapping spaces. The imterrelation of the systems of views and interpretation
is determined by the means of data representation; this is reflected, according to redistribution of
aiements in entire matter, its portion or according to proporticnal variatien of components in the process
of formation of auréoles and fluxes, in the form of contents, concentratipns, contrasts. Taking into
account the fundamental role of this notion, the question of three ideologies of applied geochemistry as
a missing link in the theory 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-ievel systems from technologies and models from methods,principles, concepts. It should
be noted that levels of organization of the system freguently 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 stetement of problems often determines
ambiguity of their solution. $ince the properties of systems substantially determine a set off new gualities
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-
tevel 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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THE BVALUATION OF LITOCHEMICAL DISSIFPATION FLOWS
Yuri: V. Snvarov, Moscow State Unilversity, U5 S R

The duantltative evaluation of geochemical anomallies 1n stream sediments
In units of the area productlivity P {m /) is economically very ilmportant as an
eblective criterion for revealing of commerclal ore deposits at the earliest
stage of geochemlcal prospecting. This paper 1s devoted to account a method for
such evaluation based on the mathematical model of a dissipation flow.

Tne essentlal assumptlons of the model are:

- contents of all chemical elements tn friable siream sediments are stable:
C.C{x} changes along the stream bed dut does not depend on time;

- wvariaticns of erosion are not taKen into account, 1.e, only mean values of
parameters are tonsidered;

-~ the stream iransportation speeds of the ore elements and the chemical elements
ci country rock may diifer.

Relying on ithese assumptions ihere was found an equatlon describing the
connectlon between the superbackground contenits of the ore element - the mean
value in the cross section of the slope (£} — and 1ts content in the correspon-
ding roini of the dissipation flow (C}:

u u_-u '
[ dc () o T .= n
fre o (S) a8 + 7 C(5} = Ct(8) c{s), (1)

do(5)
ds

where u - and u  are the migration speeds of the ore element and rock elements,
v is the rate of erosion — the span ¢f eroded layer per unlt of time {m/s},
S Is the area of the drainage basin for the corresponding point in the stream
bed, and o(S) is5 the area of the cross sectlon of that part of ithe active stream
that 1is occupled by the transported solid material; both values are in .
Let us discuss two cases:
1. 4ll the material entering from the slopes into ithe bed 1s completely carried
away by the stream. In this case G:SV/ur and then (1) provides:
Uy = Yo
T a{C8) = Cds, or B = T C85. (2)
T r
The value ur/u corresponds te the empiric parameire x’° broadly used in the
formula P:%7CS that descrilbes the "ideal” flows in flrst grade streams
2. The stream 1s saturated l.e. according to the local hydrodinamical conditlions
it transports highesti possiblie amount of matier. In this case g{S}:=wS where
w 15 a proportionality coefficlient. From (i) we reselve:

u 4
Pos J cds + B [69 cs — j cas ], where B:v—’"w. (3)
r

wnen u cu, the formula {3) changes tnte the equation of "non-ldeal*” dlssipation
fiow, alao broadly used in practice

The evaluation of dissipation flows can be dene using (3) by a method similar
te the method used for FLOW computer program (Shvarov, 19684) if the value of «
15 known. This parametre can be determined, for example, by studying "ideal”
dissipation flows In similar condltions.

Applled fer complex anomalies this method allows to evaluaite the productivity
even of those elements which uéu 0 (i.e. elements forming placers) because the
coefficient B {the same for zll elements of the anomaly) may be found by companiocn

elements.

References:
Shvarov Yu.V. (1984): Computer evaluation of lltochemical dissipation flows.—
Moscow University Geology Bulletiln, 2, Allerton Press Inc., New York,
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THE IMITATION OF GEOCHEMICAL AND GEOPHYSICAL PROSPECTING ON A PERSONAL COMPUTER

G.5.Vakhromeyev
Polytechnical Institute, Irkutsk,

¥.G.Shestakov, P.N.#ulin
Nonferrous Metals Institute, Krasoyarsk, USSR

The imitation system permits te 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:

Formation of model territories variants.

Imitation of prospecting on dispersion trains.

Imitation of prospecting by secandary dispersion halos.

Geophysical prospecting imitation.

Imitation of a geclogist's actions in establishing the metaltization contouring ore zones by pits
ard determining their depth by boreholes.

Data processing imitation.

L A I

o

The first subsystem on the basis of elaborated geotogical-mathematical model of the territory
evaluated provides the variants that differ in number, size, Location of the prospecting objects, in their
erosien Level as well as in the ¢character of their reflection into gecchemical and geophysical fields. The
second subsystem enables to imitate the selection and amalysis 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 wekl as sampling and analysis of sluvium-deluvium, The third
subsystem ensures the imitation of sampling and analyzing of talus deposits in modification 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 geocelectric methods. The fifth subsystem is to imitate mine-drililing 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 vatues 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 geophysicat fields have been worked out and are stored in the bank
of model territories,
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COMFPUTER MODELLING OF MERCURY ORE-FORMING PROCESS.
Voitsekhovskeya M.B., Institute of geology and geophysics, No-
vogibirsk, Borisov M.V., Moscow Univeraity, Moscow, USSR.

The development of geochimical researching showes, that elo-
borating of genetic's models of different types of ore-forming
processes ig the base of systematic metallogenetic analyses and
forecasting of ore depowsits. 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-gysatem H,0,K,Na,Ca,Ng,A1,31,Fe,
¢,C1,8,Hg under T=15000, ineluding 49 solidphases (minerals) and
T0 particals of weter's solution. The calculating is based on
programmGIBES,

The special method of quantitative appraisal of fluid's compo-
gition have been worked ocut in order to take account the degree
of reaction’s proceeding (E ) between mineral and fluid.Fluid
composition indicated kaolinite+quarts assemlege (mole/kg H20):
NaCl-2,0;H2C03-0,1; CaC12-0,53;KC1-0,1;HC1-10"%; H2S-10"°-10%;He-
107 -2-10"5;f0r hydrosilica+quarts assemblege is (mole/kg H20):
NaC1-2,03H2C03-0,1; CaCl2-0,55 KC1-0,5; H2S-10"2-10"":Ha-10"-10"7.
The solubility of Hg sulfide in solution is determined by HgCli_
complex (mH28)107°) or by ng& ) species (mH28-107°-107°), or by
complex Hg(HS); (mH2S}1O—2), Tﬁe precipitation of cinnabar chek-
ed up by incongruential reactions beiween silicate minerals of
wall-rock and fluld, endeed. The prevalence in hydrothermal sol-
lutionof complex HgCl3™ fixes the coditions for precipitatin of
native mercury in zones of argillization or formatiocn halo of
mercury. The precipitation of cinnabar is determined by complex
Hg(HS)Z and there were no ore deposit if ngaq) species prevail
over the hydrothermal fluid.
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GEQSTATISTICS FOR THE IHTERPRETATION OF GEOCHEMICAL ANOMALIES

Hans Wackernagel, Ecole des Mines de Paris, France

The well-known geostatistical technigue 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/geglogical point of view the key question is to know whether it is profitable to use
& technique which is based on a weighted average of several samples. Clearly the answer depends on whether
there is a possibility for geological anomalies te have an influence on mere than one§ample in the region.

The poster presents an application to meltivariate exploration data.
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ESIGE - THE EXPERY SYSTEM IN GEOCHEMICAL EXPLORATION
¥Wang Weirong (1), Lue 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 Geoclogical 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 I8M PC/XT microcomputer. it consists of four modules: (1)
knowledge base and data base management module (2) rzasoning machine module (3) data acquisition and expert
consuttance moduie {4) message explanation and graphic display module.

The system offers versatile management to the knowledge base and the data base, which enable the
users Lo add, modify, delete, and List the rules and information in both bases. The krnowledge base, data
base, and the management module were designed to be reparable from the rest. Any of them can be edifed,
modified, and expanded individually. The inexact bidirectional reasoning with probability multiplication
was employed to the system. The confidence Level was introduced to indicate the contribution of the
variables.

A user's surface which consists of a set of menus is easily handled. To be mcre 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 operation. (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
filae.

An explanation to the message and graphic display module help the user to understand, to run the
system. Users have access to a sophisticated graphics performance. With the visual explanation, users can
understand the geochemical models of known areas ard the model being consulted much better.

The main ideas of the knowledge base and the inference-frame were drawn from the geological and
geochemical data of the gold mines in Jilin Province. More than 500 ruies were included. More experiments
should be done, so as to explore the applications of the ESIGE system to the field of geochemicat
exploration.
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A COMPUTER FOR THE RAPID EVALUATION AND SORTING OF MULTI-ELEMENT GEOCHEMICAL ANOMALIES - RESMA

Xie Xuejing
Institute of Geophysical and Geochemical Explcration

Langfang, Hebei 102848
People’s Republic of China

A computer system for the rapid evaluation and sarting of multi-element geochemical anomalies

{System RESMA} was developed. The system is able to:

1.

Resclve the single-slement data into a local and a regional component, and plot the single-element
companent maps of background surfaces ard anomalies.

Calculate the normalized areal productivity (NAP) of each single-element anomaly.

Yrite down the “single-element anomaly series” by taking any one element ancmaly as center and write
down all other elsment aromalies overlapped to & certain extent with this central anomaly in a
sequence arranged accerding to the magnitude of their NAP values.

Delete all the anomaly series in which the NAP value of the first element is Less than the second
one, The remainders are atl the actual multi-element anomalies on the studied map. The computer will

print cut their “element association expression”.

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.

The multi-element anomaly map can be plotted by caleculating the multi-element values HAVI and HAVz.

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 effective.
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PRINCIPLES OF STORAGE AND RETRIEVAL OF GEOCHEMICAL INFORMATION IN DATA BASES ON MINERAL
DEPOSITS
Vliadimir G. Zolotarev, VNII Zarubezhgeologia, USSR Ministry of Geology

The problem of storage, retrieval and usage of geochemical information received in the
studies of chemical features of natural objects is one of the most important in improving
the forecast and assessment of metal resources amd, thus, in managing the prospecting and
ezploration at different stages of geological works.

The most common are the territorial data bases that contain analytical data supplied
by a relatively simple description of & sample and a site of sampling. Further development
usually lies in improving the algorithms of statistical deta treatment, geochemical mapping
and enomaly detection.

The data banks that contain information about the geological objects (ore deposits,
ore ocourences, ete.) were not used to solve the applied geochemical problems in exploration.
Geochemicel information in such data bases may be both of primary nature (concrete sampling
data) and of secondary nature (compiled by a researcher).

The goal of the report is to demonstrate the perspectives in usage of geochemical in-
formation, that characterize a geological object, in geochemical forecast at different levels
of exploration. The data bases AIRS-Ores and AIRS-Nonmetals (Industrial Minerals) of GEOIN-
FORM System (CMEA countries) are supposed to contein various geochemical information on mi=-
neral deposits. It include chemical analyses for oxides and elements and physical-chemical
(fluid inclusions, stable isotopes), indicatory (a set of geochemical indicators) and radio-
logical data. These quantitative date characterize either a single rock or a mineral assemb-
lage both of which hes a certain spatiml and time poasitien, or an ore (mineral) body. Rela=
tional=hierarchisl way in tying the parameters (both terminological and quantitative) opens
the posgsibility to use the geochemical information not only with petrological-geochemical
purposes for stratified and intrusive rock complexes or in studying the features of the mi-
neralization but also in evaluating mineral resources.

At the medium-scele (1:50,000 = 1:100,000) and small=scale (1:200,000 ~ 1:500,000)
studies a deposit (an occurence) may be represented as an elementary cell (a point) which
can be described in the terms of geochemical apectrum of elements, reserves and metal grades,
temperatures of formation of the concrete mineral assemblages, and stable isotope values.
Each of them may be used to reveal a zonation or trend pattern for the whole territory under
atudy. The zones with certain characteristics and with corresponding resources may thus be
chosen. _

The geochemical values for rock sequences and intrusive massifs may be used as some
standard values to be sompared with the changeable values of geochemival fields of a territo~
ry, whereas the geochemical pattern of a depogit =~ with the patterns of multielement fields.
This information appears to be valuable in the snomaly selection comparatively with the known
mineral deposita.

Geographic geochemical information interacts with the object-devoted information both
at regional (when a concrete deposit is regarded as a point with definitie coordinates) and
losal (when the geochemigal zonning of & deposit iz analysed in the purposes of exploration
and exploitation) levels.

New perspectives will be open by a combined usage of geographic and object-dcvoted in-
formation and choosing the quaniitative and qualitative dats from a deposit description, as it
is possible in the AIRS~-GEQOINFORM data bascs while carrying out geochemical explcration, espe-
cially, for deep-seated deposits in well-studied countriea. According to B.Skinner (1987) the
search for them will reach its summit to 2015. At the present time regional analysis of ob=
Jeot-devoted infotmation that describes mineral deposits and occurences may be carried out
only for large territories, including the territories ef the developing countries.
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THRESHOLD OF ANOMALITY - BASE PROBLEM OF PROSPECTING GECCHEMISTRY

J48sk M., Geolndustria Jihlava, Cuechoslovakia
Proohdrzke Z., Intergeo, Czechoslovakia

Iiscover of economioglly effective ore deposit is the maln aim of the geologlecel survey
workes snd the mean how to reach this aim ig reslisgation of different observations - heavy
mineral samples, siresam sediment samples, soll and rock semplss efo, Delimitatlon of ore
provincen, nones, krots and ore bodiea resulie from the data processing of these observati~
one. Obbained data sets are divided. in two base groups -~ the first, reflecting by some way
the manifestations of mineralivaticons (anomslous velues) end the second ope, degeribing geo=
loglical environment cheracteristics an& theix variabllity (so called baokground veluss). The
1imit, separaling these two groups of values 1s comnonly called threshold of snomelify. Con~
sequently threshold determination represents one of the base problems when estimating ore po-
tential of the regions.

In this fime several methods of defermination of the threshold of snomalily sre used,
dssued from the base rules of parametrle statistic. So cailed three atanderd deviation rule
{snm of aritmetic or gecmetrio msan and threefold of standard deviation value),established
originaly for exocluding outliers from data sets is the most frequent. (Saitren V., Scukup B,
1973 ). Then this 1imit value wag decremsed inbto sum of mean and one half - or twofold stan=-
dard deviation, with the alm Inorease & number of enomelous samples in the data sets, Laber,
Lepeltief)proposad s new mathed, (Lepeltier 0., 196%), making possible guiok and easy estima-
tion of threshold of anomality on the basis of the graphlesel evalusiion of cumnlative fre-
guency plot in logaritmic scale (probeblliity graphl. But using distribution models takes many
of problems, dlscussed up %o this time in the literature (see Zd¥ek m., K¥ivdnek Z., 1967).

Bagldes other ldeas appears as for example Woodsworth one (Woodsworth in Sinolair; i974L
sltueting threshold of enomality in the point of maximal cnrvabture of cumulative frequencly
plot.

What heve thess approaches in common, 18 the fact thexe 18 no system view on problems:
fhreshold of anomality 1s determined everyiime for each variable separstely, when presuppo-~
wing Jindependence of single variables. Resulbing threshold of anomality, determined by fhia

_way is represented by fixed value, valid {eccepisd) In whole data set. Peroent of anomalons
“vglues of each variamble is prackically unchangeable - 0,15 % in the cane of three standnrd

deviatdon and 2,5 % in twoe stendard deviatlon cases.

Processes in the nature go according physloesal and chemicel lews end single natursl
cbjecia form owlng o mass energy interesctions of structural nnits of these objects. Then
posglibility determine threshold of anomelitiy of given element in dependence on concentration
of other elements In sample outlines. Data processing la opbimel in the level of ordinal
variable, optimal number of variables ls three.

Date processing is maddVnatbural assamblage sets, these composed of positively correlaw-
ting elements. Concentration velues of aingle elements are converted in the ordingl gosle.-
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Numbey of c¢lasges of esach element 1s eguivelent, intervel spen is made on the basls of real
digtribution plot estimation.
- Threshold of anomality is determined step hy step evaluating contingenoy tables in two
and three-dimensionsel epaces. Thresholds of anomalily separate single "high density" areas
in these spaces {arems with relatively big number of pointa, whereas in surroundings points
are rare), As result each element has several thresholds of snomslity, depending on concen=
trations of the other elements in assemblage. The neme of this method is Pasiena,

When the number of variables ia bigger then three, we are limited by humen imsgination,
In theae cases it is necesary to use the method of mode analyse of digiribution fumetilon of
muttidimensional rendom vector which dis very similar in approach.

The Paglasns method was appilied for the first time In geochemical date sets from south
-~ gapt Iran reglon, Obialned results were very encouraging snd seems to be beiter in com-

parison with above mentloned methods.
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ASSESSMENT OF ORE POTENTIAL OF THE GOLD-BEARTNG REGION AT GEOCHEMICAL MAPPING
F.A. Akhmadulin, H.V.Sanine, Institute of Geochemistry, Siberian Br.USSR Ac.Sci., Irkutsk

4 large-scale (1:10000-1:500) geochemical mapping of endogenic geochemical fields of
concentration (GFC) waa performed for an old geld-bearing region of Kuzneitsky Alestsu, The
reglon hes a dissected topography, forested southern slopes, coarse-clastic tailings,
tsluses on the northern slopes and bedrock outerops in the near-apical parts.

The main goal of mapping wes the complex assesasment of potentisls for gold mineraliza-
tion in the area under atudy. This required solution of the following problems: determina-
tion of elements-indicators of minerslization, levels of their concenirating and scales
of development, establishment of geochemical criteris for interpretation of distinguished
geochemical ancmalles and forecast esgessment of deep horizons and flanks of mined ore
veins.

The region comeists of volcanogenic-gedimentary sequence (diabase porphyrites, their
tuffs, tuffachists) of PR age. The numerous quartz veins commonly have the sublatitudinal
and north-eastern atrike and steep (up %o 70°) northward dipping., The mineralization
consgists of pyrite, arsenopyrite, pyrrhotite, sphalerite and galena in insignificant amount.
A specifiec feature of mineralizaiion is its ifelescopic nature together with presence of
sites where the mineral mascciations of the early pyrite or late polymeitallic stages are
avallable.

The geochemical mapping resulied in construciion of a series of mono- and polyelement
different scale maps with diverse informational meaning.

The local and areal %ypes of GFC are distinguished on geochemicel maps. The areal GIFCs
are on the whole charscterized by the srea of a region differring in the element specirum
in the northern &nd 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 normanlized after back-
ground}. Within the northern part of the srem ithe geochemical zonation (from.south to norih)
implies a replacement of element aasociations: Au, Ag, Cu, ¥b, Ag, Bi— Au, As,-—=Ag, Cu,
Bi, Au, Mo, — 4As, Mo, B, Li, Au —~Asg, B,[Nh, Bé],-*'Mo, b (the elements in associmtions
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, Au, Ag, As, Mo towards
the center of the region with coincidence of enomslies of these elements.

Within the areal GFC there are local complex anomalies confined to strongly fissured
perts of rocks. The form of anomalies is ovel, elongated in the north-eastern direction.
The dimensions may achieve 1lkmxl.5km. The element spectrum of local GFC is sinilar to the
compogition of sreal geochemical fields but CC values vary from 5 to 30. The study of loesl
G with regard for geologo-structural features of the region permitted the most promising
for gold minerslization snomalies to be distinguished at depth.

The deteiled geochemical mapping of two deposits stripped to 300 m depth and situated
within the nerthern pert of the region showed that their GFC have a complex composition
end reflect the features of minerslization. Zonation of GFC of deposits is reflected in the
presence of three levels of element-indicators accumulation with CC 10-1000 Ay, Ag,.Pb, Zn,
Ls, Bi (upper)—Au, Ag, Pb, Zn, Cu, Sb, Bi, €4 {average) =Au, Ag, Zn, As, W, Mo {low
horizons) and Indicates the limited potential of deep horizons. On the whole the geochemi-
cal fields of deposits have a heterogeneous siructure, presence of local isometric mnomali-
ep with domains of extraction and accumulatlon of elements within their limits reflecting
development of ore columms of gold.

Thusa, the large-~scale geochemical mapping in the old mining region revealed new sites
promising for gold mineralization within the whele area and on the flanks of known
deposita.
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UNFILTERED FORM OF TRACE ELEMENTS IN ATMOSPHERIC AIR - A NEW GEQCHEMICAL PROSPECTING TOOL.

E. L. Altman
Leningrad State University, Leningrad
B. Kremar
Geofyzika s.e. Brno

Recently, a number of scientific and research institutes analyze emission of some metal eiements
from geological structures into soii or atmospheric air respectively. The elements in 2 molecular form can
penetrate through even very thick overburden, or through sea and water. The method of the molecular form
of elements can be applied even in lLocalities where traditional gecphysical 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 burried geclogical fault structures, Possibiltities of the methods are demonstrated by several case
histories.
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PECULTARITIES OF THE VOLUMETRIC MAFFING OF THE MASSIVE SULFHIDE ORE-BEARING AREA

AN, Arkhangelsky, Vsrnadsky Institute of Geochemistry and Analytical Chemistry, Academy
of Sciences, USSR

Geochemical prospecting of buried massive sulphide deposits is a complicated tase 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 volumetric model for the
geochemical field where its morphology and zonality are shown in three-dimentionel 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 volcaniec rocks, that are underlyed by basaltic unit and over
lyed by volcano-sedimentary sequences of 150-600 m thick /2/. Endogenic geochemical halos
of the deposits are characterized by the combination of extended stratiform zomes, which
are in accordance to ore bodies localisation level and submited cross-cutting chut zones
in underlying end overlying rocks. The halos dimensions have an essential diversity, espe-
sially in the overlying sequences. On the bedrock surfaﬁe most of the deposits are marked
by geochemical enomalies similar to those in the fields without ore occurrences. So, sur-
face geochemical mapping is not sufficient for the buried deposits forecasting.

The geochemical sampling data of the deep (up to 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
spectrographic method. Volumetric mepping was accomplished by drawing geochemical polyele-
mental cross sections disposed inm 0.5-1 km to 1:5,000-1:10,000 scale and "volumetric"
press-projection maps to 41:10,000-1:25,000 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 depletion were
shown on the maps and cross sections. The polyelemental anomalies were displayed on maps
and cross sections using the method of fields of native geochemical assosiaticns of elements.

As the result of volumetric geochemical mapping the prevalence of depletion zones were
established in the snomalius geochemical field structure of the area. They have a wide de-
velopment in plan and front views. The concentric lateral zomality is cleerly &istinguished
in the anomalius field structure. 1t's well maepped in the ore underlalng sequences and are
characterized by the next general distribution of anomaslies 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, Fb depletion. The most extended (up to -2 km distence)
are external zones, inner ones are more loecal (up to 0.5 km in dismetr). There 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 & 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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MNEW APPROACH TO THE GEOCHEMICAL PREDICTION
OF 80LD OCCURRENCES IM BELACK SHALES

An. A. Asadulin

Institute of Ore Deposit Geclogy, Petrography, Mineralogy
and Gecchemistry of the USSR Acad. of Sci. (Moscow, HSSR)

1. The gold occturrences of wide-spread black-shale formationg are rather difficuit 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 indications. Here, the geochemical data processing by traditionmal 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 0-5 flyshoid formation {Uzhekistan) 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
without 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.0.). The anomalous and subbackground hatoves of elements compose
the complex geochemical fietd of the gold occurrence. This field spread sufficiently beyond the autlines
of ore bodies and deposits.

3. This phenomenon permit to increase the range of the geochemical indications being used and,
hence, sensitivity and reliability of gold occurrence prediction, For determination of the complex
geochemical field of ore deposition it is expedient to apply the Basin algarithm of pattern recognition.
This method is favorable when the sampling network and the obtained geochemical data are discrete.
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GEDCHEMICAL MODEL OF RARE-METAL ORE-GENESIS AND ITS APPLICATION TO ORE PROSPECTING AND PREDICTION

Ludmita F. Badanina-Syritse
Leningrad State University, USSR

1. The considered type of mineralization has spatial and genetic Link toc rare-metal paraluminous
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 Phanerczoic. Chemical composition of OMS is presented by discrete-succession compositional
series of rocks from alkali gabbroids to RPG (1)}. Basaltoid magma of shoshonite-tatite composition ts of
petrogenetic importance in the originm of such systems.

2. Ore-bearing RPG (apogranites) have polygenic aorigin. The conditions of origin for conerete 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 gither RPG geochemical type and
retated 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 geockemical 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 teucogranites hardiy distinguished by other methods
was developed on the basis of AMS structure studies, The method renders the possibility of the reliable and
express estimation of the potentizl ore content far granitoid complexes in the stage of prospecting and
surveying works and detimination 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 the basis for the development of express
analytical mathod of indirect valuation of tantalium content versus the rubidium and strontium with value
intervals invariable within the individual regions angd can be considered as a universal indicator of ore
productivity for the whole series of RG geochemical types.
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GEOCHEMICAL FORECAST CF MASSIVE SULFHIDE DEFOSITS BASED ON THE CONVECTIVE MODEL

Barenov E.N., Vernadsky Institute of Geochemistry and Analytical Chemistry, Acedemy
of Sciences, USSR

The genetic models for the ore deposits are the foundation for the scientific princi-
pals of local prospecting of buried deposits. So the genetic concepts review and the cre-
ation of new models for deposits improve the forecasting methods and increase the effici-
ency of depcsits prospection.

The convective (recycling) model for the massive sulphide deposits (MSD) has become
widely accepted. Convective oreforming systems combine flanking-descending branches,
which are the ways of seawater filtration, and central ascending ones, corresponding to
the ore-transporting channels. The oreforming components are leached from the rocks by
seawater. So the flanking-descending branches sre marked by zones of ore-elements deple-
tion, what is a priocipally importent for the creation of geochemical methods of MSD fore-
cast.

Recently, geochemical forecast is based only on revealing and study of indicator-ele-
ments accumulations halos. We have carried out the special investigation of ore-elements
depletion zones in rocks of MSD areas. The main one was the Verkhneuralsky area, Southern
Ural which is well investigated withdeep boreholes. It allowed to complete the volumetriec
(three-dimensional) geochemical mapping of the area.

Statistical analysis of indicator-elements 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 distinguished in 4,5-5 times: the first is about clark
contents, corresponding to syngenetic beckground dispersion of elements, the second one
fixes their depletion from the rocks.

The volumetric geochemical mapping confirmed the vast distribution of depletion zones
of Cu, Zn, Pb, Ba, Co. Theyhave a concent stratiform distribution in sections and are
extended for 2-3% km distance in lateral plan from the deposits and more than 2 km to
the depth. In volumetric terms the depletion zones excel in several times the near-to-ore
accumulation halos. It’s determined the distinet lateral zoning of distribution of maxi-
mums of elements depletion in direction from flanking 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. In general the depletion zones are developed in the greenstone-altered volcanites
and selectively situated in the fields of intensive albitization, hematitization, epidoti-
zation and carbonatization, only partly in the near-cre propylitic rocks and metasomatites.

The peculiarities of spatial distribution of the depletion zones, their close relation
to altered rocks and lateral zoning prove that they are indicators of flanking~descending
branches of the convectlve systems and have been formed as the result of seawater filtra-
tion. Seawabter predominance in the oreforming fluids have proved by the H and O isotopic
composition in sericites from underlying metasomatites of the deposits of the area. Ore-
forming convective systems belongs to shallow-seated.

The similar ore-elements depletion zones are established on MSD of the northen, mid-
dle Ural, Mali Caucasus and Rudniy Altai. We have many reasons to assume, that they are
the characteristic features of geochemical fields of all MSD areas.

Revealing of vast underlying-flanking depletion zones, which fix the descending bran-
ches of convective systems, opens the new possibility for geochemical forecast of MSD:

a) revealing of the perspective ore fields using more sparse prospecting system of obser-
vation; b) recognition of the flanking and underlying zones of ore fields in the absence
of the anomalyes of the accumulation; ¢) inerease of determination reliability of the spa-
tial position of prospected deposits on the direction of gradient vectors - from the de-
pletion zones towards the accumulation ones; d) the quantitative estimation of the fore-
casting resources of ores using the migrational balance (depletion-accumulation) of ore-

-elements. All this contributes to higher efficieney of geochemical methods of MSD prospec-—
tings.

102



154

GEQCHEMYCAL MAPPING AMD MODELING OF RUDNYI
ALTAI QRE DISTRICTS

V., D. Baranov
Institute af Mineralogy., Geochemistry and
Crystatlochemistry 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 anatysis data for country rocks and
stream sediments, with sampling by a common grid. Results of analyses for rock and ore compositions by
special precise methads are alsc 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 association
with a certain formation, the composition and intensity. The map also demonstrates Lateral gecchemical zones
ard Lithological-stratigraphical Levels with peculiar petrochemical and geochemical features which emphasize
the structure of the geochemical zonation far the province, ore districts amnd ore clusters.

The ore district is a structuraliy (tectonically and geochemically) isolated part of a metallogenic
zone that formed 4in the geodynamic regime of island arcs on the continental crust. It is related to a
volcanic-tectonic trough of a Devonian cre-bearing basalt-rhyolite formation which occupies an area of about
4.000 sq.km. Such troughs are controlled by deep fautts that are commonly located across the strike of the
province, The system of these troughs ang 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 asscciations (V, Cr, Mn, Ni, Co, Mo, Cu) are abundant mainly
within peripheral zones of troughs, adjacent uplifts and separate anomatous fields - all with essentially
sedium composition in magmatites and hydrothermolites. Geochemical associations of chalcophile, siderophile
and Lithophile sfakic etements (An, Pb, Ba, Ag; As, Sk, Au; Fe, Mn; 5n, 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 metamorghism.

The K20/Na20 ratio as well as ratios of other elements in different geochemical associations in
volecanics, hydrothermalities and geochemical anomalies clearly reflect the structure of the formation-
facies zonation of ovre districts, ore clusters and fields,

The geochemical zonation of the ore province exhibits a single laterat tevel of ore contents, with
the ratio of indgicator-elements of the zonation being close to the background Level. This lLevel makes up
20-25% of the whole volume of the ore-bearing formation, yet it contains the majority of commerciat massive
sulfide base metal deposits and geochemical anomalies.

Within this Level the ore-bearing anomalous geochemical fields show a higher thickness and multi-
5tage stratiform occurrence.

According to the composition of the ore-bearing basaltrhyolite formation, ancmalous geochemical
fields are displaced from the centre to the periphery of core districts and ore clusters, and from bottom
to top along the section, and are characterized by changes froem essentially lead, gold-silver to complex
massive copper sulfide mineralization. The direct rhythmical zonation is a feature of each ore-bearing
titholegical-stratigraphcial level.

The anomalous field for each ore-bearing Lithologicai-straigraphical Level has its own inner
structure of the gecchemical zonation with concentric and rhythmical 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 rhyclites and furiher 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 most 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 dig not change the parameters of the gecchemical zonation
in the district which formed during the formation of ore-bearing basalts and rhyolites. This situation
permits using data on the geochemical mapping for the reconstruction of the volcanic-tectenic 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, hydrothermatites and
geochemical anomalies,
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BEHAVIOR OF GOLD IH POSTMAGMATIC AND HYDROTHERMAL COMDITIONS
AND NEW APPROACHES TO PREDICTION OF GOLD ORE DEPOSITS

V.L.Barsukov, N.N.Baranova, S.V.Kozerenko
Vernadsky Institute of Geochemistry and Apalytical Chemistry
USSR, Moscow

The study of mechanisms of the pre elements transport and formation of endogene ore is a necessary
condition for fincreasing its reljabitity in geochemical prospecting. The thesoretical basis for the
development of new physico-ehemical approaches in appiied 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 tkeir transformations when
contacting the ions of arsenic,antimony,tellurium and sulphide ions presented im solutions in censiderable
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, [Zotov,Baranova, 1930]. At a hydrothermal stage of lower
temperature,when in the solution there are higher concentration of sulfide ions and cpmpourds of As,Sb,and
Te. The comglex AuCL, s turning into complexes Like Au(H8), ’ Au(asS)? 7 Au{Ass)3Z Au{spS), " AuTe,
! AU(TGZ)Z [Sewarg 1984; MWekrasov, Gamyanin, 1978; MNekrasov, Koniushok, 1982]. So, the change of ac-
tivity of the ore~forming sotution causes a decrease in concentration of sulphide ions and decompasition
of the above complexes and change of the composition mineral asscciation.

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 permanent ex1stence and considerable concentration
of such pa1rs of compounds as 002 CH,, - et H, 5 - HSO SD ), determine by buffering the formatian
of the gold mineralization and may be calted as the carbon, n1trogen and 5uH?hate—suLphide buffers {Baranova,
Koltzov, 1886]. Within the range of concentration of C0, and CH, > p.10 ° M at total C= 2.5 W the pyrite-
pyrrhclite assnciation and the miherals iike arsenopyrite, chalcopyrite, antimonite, bismuthinite, argentite
are stable. These mineral associations are common for the formations of gold-sulphide, gold-rare metal and
gold-quartz type,which are mainly located in carbon-containing deposits, The equilibrium of N, - NH,  at
the contents of N, = 0.2.M and NH4+ = 10_2 - 167t common for the hydrothermal fluids and pH values from 3
to 8 is within the carbon puffer influence. Therefore,its importance is more considerabL% than the nitrogen
one in case of gold deposits. In the field of the transfer of H_5 into HSO (504 or 502 {at high
temperatures],pyrite is replaced by magnetite, auripigment, covellite, gypsum %anhydr1ta] are deposited,
antimonite, argentite are stable and natural arsenic appears. These miperals 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 MATURE OF AMMOWIUMN
HALOES ON GOLD DEROSITS

v.L.Barsukov, §,V.Kozerenko, N,N,Barancva, L.A.Bannikova

Vernadsky Institute of Geochemistry and Analytical
Chemistry, USSR

The assumption was said that reduction-oxidation reactions with participation of an organic matter at
a level of Fo which corresponds to deposition of gold would be caused appearance of considerable amounts
of NH4 ion in hydrethermal solutions and the farmation of ammonium haloes on gold deposits [Barsukov,1982].
The development of ammonium-bearing potassium feldspars and micas in the near to ore alteration zones on
gold deposits [Barsukov and others 1985, Sterne, Zantop, Reynolds,1984],as well as the development of the
amenonium haloes on gold deposits [Kydd, Levinson,1988; Barsukov, 1988) confirms that assumption. It seems
to be reasonable to study the entire chain of the interconnected processes: appearance of the ammonium-
bearing minerat phases, formation of the ammonium haloes, evatuation of the composition of hydrothermal
sclutions, changes of the organic matter of the ore-containing rocks. The study of distribution of ammonium
in rocks,minerals and oreforming solutions s accompanied by considerable analytical difficulties due to
a low content of ammonium and relatively high content of total nitreogen in the cbject of the study. This
circumstance and the nmecessity of the determination of hoth the total content of nitrogen and its reduced
form [NH ] requires the use of a set of techniques which include specirophotometric determination, IR-
spectroscopit investigation,EPR technigue and CHN determination,

The IR-spectra of micas are obtained by means of the 'Specard-75' instrument. An absorption band having
a frequency of 1400 sm was used as an analytical orne [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 technigue,

In order to detect the nitrogenbearing groups in Eotassium feldspars the EPR technique was usad,which
provided for the determination of N© ,N° 'NO, and NH as well as other nitrogen-containing paramagnetic
centres [HCPC] in mimerals [Matyash,i982]. This technigue has a considerzble 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 o e radiation of the ammonium groups within the
minaral strucfure. The typical spectrum of the NCPC in feldspars is shown on fig,2.

The basic technigue of routine anmalysis while 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 600°C chiefly corresponds to nitrogen of an crganic matter, but the 'higher temperature
form', in general, corresponds to the NH ion in the crystal lattice of mica and pottasium feldspars. The
combiration of the {HN analysis,spectrographic determination of the ion of ammonium,IR-spectrometry,EPR
determination provides for cbtaining 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 cobtained.
Great variety of the vailues [np to 0.42 to 0.07 mol/kg H, O] were detected. Maximum concentrations were found
in the quartz of the main stage [mean vatue 0.26 mol/kg]). The contents of ammonium in the fluid inclusions
in the guartz of the Late stage were 2-3 times lower,

The organic matter of the hosted rocks, ore bodies and near to the ore zlterated 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 ameng bitumoids [73 to 87%). Results of the elementary analysis show that hydrothermal
changes were accompanied by considerable growth of the oxidation degree of the organic matter and
disappesrance of nitrogen from its content. Permanent nature of the mentianed 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
hatoes of ammonium up to 2 length of 2-3 to 20-30 m around the ore zones with gotd mineralization. Inside
the haloes,the ammonium 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 linked 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, feidspars, illites,
montmorillonites] can be sufficiently reliable critericon of deep-seated intense oxidation of the organic
matter that occurred in the redox potential range proviging for the reduction and precipitation of gold,
silver and number of ore elements.
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COHSTRUCTION ©OF GEOCHEMICAL MODELS OF DEPOSITS BASED O¥ PRINCIPLES OF THEIR INYGENIC
AND POLYCHRONIC FORMATION

V.I.Baumshtein, Trans-Balkal Research Ingtitute, Chite c¢ity, USSR
L,D.Zorine, Institute of Geochemiasitry, Irkutsk, USSR

There is convinecing evidence of mulil-stage development of mineralizetion end its loca-
lizetlon &t several hypsometric levels. This 1z particularly common for ore-magmatic
gystems gsscciated with ring-like voleano~plutonic structures. Nermelly, in the atructures
of this type hecause of repeated moving of fluids through changing ways of transportaiion
the zonal mode of locatlon of mineralizotion products and geochemical haloes is signi-
ficantly complicated. Their interpretation is &s o rule hindered since existing methods
are aimed at the study of integral (summary) pattern of chemical element distributien in
endogenic haloes and do not consider indjividual features of element distribution at each
stage of mineral formation.

The method proposed 1s based on the hisioric reconstruction of geochemical fields
considering redistribution of chemical elements in them., The main objective of studies is
gegrching for indications providing the forecest of geochemical anomalies of different
age and formationa, ss well as developing the criterim necessary for interpretation of
these anomalies within spatial-temporal coordinates. At different stages of the substance
gtudy the fthree main approaches for interpretation of erddogenic geochemicel fields have
been introduced: (i) differentiated sampling, (ii) differentiated scintillation apectral
determination of element in the powder sample, (iii) typogenic analysis of gecchemical
fields.

The main approach at the Initial siage of studies 1s mineralogo-geochemical mapping
accompanied by step-by-step differentisted sampling of the substance. The material of
a sample ig visually observed as a product of the same gtage of mineral formmtion. The
number of samples must be correlated with types of observed mineralization.

At the gecond stage of study it is proposed to introduce the differentiated acintilla-
tion approximately-guantitative gpectral method in order to determine in the sample the
concentrations corresponding to a different origin of the elements in contrast to a con-
ventional sgemi-guentitetive spectral method which defines in the sample a summary amount

- of element with no regard for its polychronous-polygenic nature.

The typogenic analysis performed at the third stage by different procedures defines
the limits of varistions of numerical values of parameiric characteristics of geochemical
fields using distinctive features of compoasition and structure of mineral counterparts
of elements producing thege fields, The results of typogenic analysis conducted from
reference selectiong show the changes in element composition in subsequent groups of ore
mineralization varieties and lithological rock varieties.

The final goel is congtruetion of models of distribution of polygenic-polychronic
geochemlcal fields in the three-dimensional space of the ore knot. Buch a construction is
based on the compulsory interconnection of geochemieal fields with appropriste geologo-~
gtructurel 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 polychronie molibdenun-porphyry mineralization of Buryatia and
Mongolim were applied for solutlon of meny geolegical problems, in the local forecast
of mineralization on the flanks, deep horizons snd in inaccessible for observation and
eveluation parts of ore knota.
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THE USE OF STREAM SEDIMENTS FOR FORECAST GEOCHEMICAL MAPS
G.A.Belogolova, Institute of Geochemistry, Irkutsk, USSR

The geological survey from stream sediments was done in one of the Siberian ore re-
gions over the area of BOOOkm2 wlth the sampling density 1-2 samples per 1 kmz. 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 fo reveal
the pattern of localization of ore mineralization.

Monoelement and polyelement geochemlcal maps were scompiled via the method of mul-
ti-dimensional field using survey data. The maps show the element combination in enomalies
as geochemical classes, which reflect the primary composition of element associations.

The region under study is characterized by gold-sulphide veinlet-disseminated and
quartz-veilned 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 unkmown ones are clearly shown on the map of gold dis-~
tribution{ Fig.1).

Fig.1. Element distribution in river silts: 1 = granitoids; 2 - tectonic zones; 3-5 -
element concentrations in conventional vnits: 3 -~ low, 4 - average, 5 = high.

Gold enomalies are closgely associated with tectonic dislocations. The polyelement
maps display another specific feature of these zones. The gold stream sediments 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 stream 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 anomalles. The mentioned differences in geochemical
specialization are connected with various types of ore mineralization as well as diffes-
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 grenitoid 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 maps of gold anomalies productivity was compiled via the computer using mathe-
matical stream sediments model. This map permlts 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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CELLUGIC-GEOLHERICAL HODEL OF THE UZBEK
STRATIFORE GOLD DEPOSITS

E.8. Bertman
Pl Samarkendgeslogyd”, Tashkent, USSR

Gold depasits n the Kizil-Hum part of the South Tien Shan gessynclinal are considered as the
stratiform. They are maried by a number of comman features: time to tectonized parts of the sections and
the oliztostrome strata {(the Lithology-stratigraphic control) in spatial nearness to the decp displacement
fautts, the greerslate metamarphism of the rock, lecaliration in zones of the tectonic tension with the
predominant plicated daformations, considerable vertical range of the mineralization zones with the contrast
geochemical zoning, the gecchemical spscializa f rack-containad strata on Au, As, W, Bi, Ag, C; mainly
metascmatic way of *he are-forming.

Typificatien of the gold ore deoposits is
paragenesis. Apporticnment of parageresis

iney of the productive mirsral-geochemical
the statistical geochemicul data, by the
mineralogic analvsic argd by the indirsct pro i f bive metascmatism alorg the edges of ore deposit,
by the peculiarities of genchemical field strus o, D the basis of this criterion in the region there
were established the deposits of the rare metal-goiden and golden-sulphid ore formations., Tne former are
characterized by the multi-laver ore depostt of saddie and iens forms in the nucleus of anticlinies and in
connection with the fleure line. Besides Au concentratiors the ores ard their nearest vicinity show W and
Bt geochemicat halo. Paragenesis connectior between them is canfirmed by correlative analysis. Element-
indicators of sulphide asscciations (As, Pb, Ag,Cu) anrd first of all strongly marked ecarly pyrite-
arsenopyrite complex [As) show distinect tendency to acocumulation of Au, 81, W on atl frents of productive
paragenesis spreading, aspecially in hanging sides of ore deposits. Against a background of the centrifugal-
concentric zoning layer character of industrial mineral occurrence complicate geochemical field structure.
It resulis in usually polymadal changes of the coefficient-index for crossing levels of the ore zones, that
semztimes allow 10 draw a conclusicon ahout "reverse” zoning. The mineral ocourrence is accompanied by the
guartz-biotite-chlorite-feldspar metasoreatiam, while on the parts with the sulphide paraganesis development
Latently metasematic rock of the agrill-ic-beresite tvpe be 5 apparent. In accordance with the above
mentioned the vertical geochemical zoming row Loois zs follews (from below upwards); {Wl ~ Co) - (W2 - BY -
Auy -(As - Agl} - {Cu - In -~ Pb - Sb - Hi Q2. The morphostructural mineralization of this type is
presented by vein-stockwork bodias, where the stookeark component predominates sharply. The veins are
situated at the puriphery of the stockworic nucleus ard are marked by the telescope structure of the mineral-
geochemical paragenasis and heighterdaz gold concertrations.

The deposits of the gold-suiphide crz farmation are presented by the parallel-bedded ore deposits
in connection with & screening surface of the combhrso type, by transversal ore flake-schistosity in zones
of viscous faults. The nre accurmulations are ususlly echeiorment. Geochemicaliy theys are fixed in the Au
and As intonsive ancraicus fields. Elemant-indis early (cartonate) -auartz paragenesis as Local
ancmalous ¥ and {0 with not high contrast on the o fu d nnly on the deegp norizen, on the others
= in the Lintt of the produs Gl telescone, spatislly separated from
the nuslear o G o genehemical ly by
the weak U, reiatened Du oar 3hoconcentration are the west stable,
This ele < amin the of the ore depssits and hanging
sides of mineraticed zones. As in t ; e Fugat in Foring in compticatec by thz schelor
accommctiation of the core bodies. Gold-y onemitaton Sres are a panied by the
Uistwanite (in the volcarogenic strata as che carbonacoes terrigencus atrata)
changz of orecontaining. Hence menticnsd t of tne aromalous fielog allow to
discrite the vortical gzechemical foning v - Co) - {As - & - Aal} - (Cu -

In - 5bl) - AgZ -~ (Mi - Sh2).

Taking intc accourt wvolumetrical charact:
formation, depccits, their parametris claractoriats vertical secticns, it s 2usy to
transform oty Lo il aorina : Frem this position {v i convenient to
preduce prognosis estimation for the sre-formation belonging amd are rescurce of the pariy with ancmalous
geochemical 13 1, marked by the g

wa Biochks

. paragoresis is oo

troef the As anama.ies. sl

T

toat s

nizal zoning for the given ore

Sadinal ang transve

cal searah of surface,
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A MODEL FUOR FCRMATION CF STREAM SEDINER

PV, Bogutyrey, Buith Urust Ioastituts, MHoa.Edim raochesistry Instioate, Irkatsiz, USSR
) W ) ) W ¥ H

The forms of eristence of gold snd wcecssory eiements in fine fraction (<0,5mm) of
flaviel deposite at the intermontane depression asbove concealéed buried gold deposits, are
studiad. In gtagnant reducing mediam of loewer horizons of alluviel deposits, gold and ac-—

Ccesslry elemonts are present in form of pocrly soluble compounds or minerals. In the upper
koerizons undaer conditions of water civenlatisn, well soluble forms of elements prevail.

sen condlitions meke 14 pessible to iranspori these elements from lowsl Liorizons into

silvy & inl deposits, sarface waiery and plants. The combined geochemical

sur il that concealed deposit is <learly ldentified on the surface by haloes of

g
ore eloments in streenm sediments of soilid end 1iguid pheses esnd by geochemical haloes.
Identity nf elemcntal conient of the ore body, of primary, secondsry, hydrochemicel,

bicgeochemicai heloes snd stray flures is conlirmed by the correspondencs coefficients

calculated as a Iglio ol eversge elements conleats In different media to the content of
the same elements in an oiw hody (Kq) and 1o the content in primary halo (Kg). Valirtes of
coerrespontenca coel icleni very for easch element in different systems but sequence of ele-
wents pesiticon in =il the systems iw constant "
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tiom on fluvial deposite, resulting from evoporating and biogenic accumulnations.

Traditional geoehemical stream sediment. methods of prospecting in intermentane dep-
regsions nare as intormative as these in other geological stractures
Table. CORRESPOLDEICE CUFFICLENTS IN DIXFFERENY NELLA
1 of {
Type hq K2
haloes

Au Ag Sh As

=
[
{n
Y

1,66(1) 0,184 0,200 - - - -
Secondary S F3a,6{1) O,020%;  Dyalig 0,16(3)  D,3601) 2,4504) 0,21(2)
Siream sedimsnt 0,71(4) O,13{1)  0,02(3) 9,03(2) 0,27(3) 0,8(1) 0,18(4) ©,25(2)
Hydrochemical O,0201)  0,024(2) - - 0,06(1)  0,21(2) - -
Biogeochemical 2,0 Q,008(2; - - 3,120y 2,008(2) - -

Primary ]

5 = place of element in mobility succossion

# - in bracy
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GEQCHEMICAL PROSPECTING IN STRATA-BOUND Pb-Zn ORE DEPOSITS FROM CANTABRIA (SPAIN)

Ignacio Bravo (%), Jeslis Garcia Iglesias {**) and Jorge Loredo (**}
{*} Dpto. Geologia. Univ. Oviedo. c/Arias de Velasco s/n. 33005 Oviedo (Espafa).
{**) Dpto. Explotacidn y Prospeccifin de Minas. Univ. Oviedo. ¢/Independencia 13.
33004 Oviedo (Espafha}.

Strata-bound Ph-2Zn sulfide deposits in ecarbonated 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 mining
district, a total of 582 samples from drill holes and surface outcreops of carbonated
raocks 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 énd 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 gecochemical and textural characterization of mineralized domains where Fe-rich
dolomites have high Zn content, anyway they bhave large porosity and favourable condi-

tions te 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 1little significant and little
gonclusive to its utilization as direct geochemical prospecting guide, the knowledge
of these dispersions of chemical elements have enough interest to know some geochemical
aspects of the mineralization, leading to a better comprehension of some metallogene-
tical aspects, and the results on geochemiral 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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CONNECTIOR OF TIN ORES WITH GRANITES OF THE MEJDEX-MASSIF

K. Breiter
Geelogical Survey Prague

Geclogical and economic-geolagical svaluation of the representatives of all deposits types of tin-
bearing ores found in the western part of tne Krusne hory Mts., and a geochemical research into the
evolution of the Mejdek massif have led to the construction of a model of granite massif differentiation
and spatial distribution of tin deposits.

Trhe Nejdek massif is the largest granite maszif in the area. It is a complicated body composed of
nuerous irgividual dntrusions of Upper Carboniferous to Permian age. It intruded along the system of NW-
SE faults into a transverse depression of the Krusne hory anticlinorium. Is it a strongly gifferentiated
massif of peratuminous granites with extreme Li, Rb, Us, F, Sn enrichment in the youngest differentiates.

- Four granite types represent the differentiaticn evolution of the massif:

-"mountain granite” - coarse to medium-grained biotitic monzogranite (Rb=200ppm, Sr=220ppm, L1200.02%,
Ce=100ppm, Sn=Bppm);

-“trangitional granite” - mainly fine-grained, markadly porphyric two-mica monzogranite. (Rb=330ppm,
Sr=60ppm, Lizoza.naz, Ce=60ppm, Sn=13ppm};

-“Krusne hory Mts. granite” - mostly coarse-grained biotitic sysnogranite with the characteristic topaz

content. This type ircludes great number of singlz ntrusions of rather great differentiation. The
relatively youngest intrusion of this type constitutes for instance the smabl body of Horni  8latna
(Rb=700-1000ppm, Sr=10ppm, Li.,0=0.07%, Ce=20ppm, Sn=20ppm);

-"Lithium granites” - the younéest, most strongly differentiated type of granites. Mosily fine-grained, less
cften medium-grained, albite-topaz-zirwaldite alkali feldspar granites (Rb=1400ppm, Sr=10ppm, Li20=0.2%,
Ce=5- 10ppm, Sn=3G~50ppm) . They form stocks often rimmed by coarse-grained margin pegmatite - stockscheider.

AlLL these granites are not in any case anorogenic (A-type), but postorgenic originated by the crust
material reworking.

Three types of the tin deposits are characteristic of the Nejdek massif area:

-flat peri-contact greisens with wolframite and cassiterite and subordinate molybdenite abundances in
Lithium granites;

-so-called "vein greisens" - steep tectonically conditioned zohes of greisenization with cassiterite in
biotitic "Krusne hory Mts." type granites. They are nret a preduct of these biotitic granites, but of
degper seated Lithium granites stock. The bictitic granites are only their host rocks;

-zones of hydrothermat tourmalinization with cassiterite in phyliites close to the HE contact of the Horni
Blatna body. Depending on the distance from the granite contact and on a decrease of temperature, zones
developed with prevailing topazation, silicification, tourmalirization ard albitization and chioritization.
Atl the types of mireraiization are the product of & singie mineralizing process, connected with the
voungest differentiates of granite massives.

Tin is supposed to derive from Lithium granites ard their emanations or from hydrothermal solutions
that immediately followed the intrusicns of the [itnium _tke other tin-bearing areas of MW
Boremia, the hidden tithium granite elevations may cumprise zconmmically valuable deposits of endocontact
greisens. The mineralization of vein greisens and the phyllite mantle seems to be less economically
significant.

Next exploration and prospecting ars recuenendoed to concentrate on detection of buried elevations
and ridges of the Lithium granite, especialilv bac: 2T ar Tar known nodes of veins greisens. For
that purpose lithogeschemistry at least cn tne of 1010 000 should be used together with a detailed
structural analysis.
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CHOICE OF SaMPLING VRACTIOES IR THE SOLUTION OF PROSPECTING FA3KS
USIKG SECONDARY AURBOLEZ AFD DISFERILC® TRAIHS

Yietox A, Buprev, VHIIEoimbozbhaoologple, USSR
1. An effiocilent and rellable poluticon of tha genchemicel wreapecting  Snokp depends, o o

greater extont, on dimensions end cvontraat of secondary aureolen ond dispersion treins disco-

vered in partlculer landscape-geochemioal conditions. In the firet place, 1t cencerns rTegione

with complicated conditions for geochemical exmplorailen, that 1lp, erld regieneg with eolian con-

tamination of loocse sediments under sampling snd humid treopiecsl and eub-ivepicel rogions with
clayey and lafteritic weathbering crusts.

2. The raview of publications ms regards this problem indicates that anomaly there make
great efforts in the World aeimed at carrying out orientation work with a twiew of determining
foptimal? pasrling fraction. In this case often highly ecniroversal recommendations are given
even for reglong of similar landscepe-geochemical conditions. It is ewplaned by m number of
objective end subjectlve reasons discussed as to many practlieal exemplas.

3. In erid regloneg s correct cholce of sempling fraction ig coneldered to be one of the sig-
nificant componsent for a succesaful cenducting of geonhemlcal exploration by secondamry asureoles
and dimpersion treing. Humerous sxperiments nerried out in different deserts of the World rels-
ted to the elimlnetion of the deluting affect of eolian admixtures yield unambiguous infor-
matien, Bowever, the bagls this problem sclution is In the determinmtion of g prevailing slze
of solien perticles transported by wind. Resenrch-geographere have elready long studying a gra-
aulometris composition of volian maferiael of deserts and nave accumulated numerocus data concer-
ning thie protlem, I% han boanrestahlished that precticslly ia all the deserts of the Werld (ex-
cept Ior Ateltame) from 70 %o 100% of materiml %ransperé=d by wind, ie of legsg than D.?5 mn in
size, Therefore, axploration geochezmipgte should take Into nccovnt euch date.

4. In the 50-60-ies In order o decover deposits of » Limited range of meltals in humld tro-

plesl repiong of Afrieca there was applied geaochemlerl oxvoration by asescndary oareoclag and di-

aperglon treins wilth sempling of -B0 mesh frestlon and upege of the aolozimairic omelyses for
L5=T ehemlczl slementa. Thie lepdr to mothodical miscelealations end %o the raduction of tha el
ficlencr of geochemlical prospesiing ior mineral depeaita,

5. ¥hen plenniang proapecting by ezcondary anreoles and dispersleon trajneg snd experimenial
work Lor dhe choion of seupling freciien it 1s necessary o fuke inlo conaldecyoiion:

—targete of preocpeciing I1n rlope relation teo = aAcale of coporation (detailed, reglonal, studi

wgenetin tynes of deposltas expaciad to the discovery gnd posgelble minaernl forme of exiatence
oy cra-~forming chemiecal elements and indicator-elements of the minernlization;

~ahnrracier of e hypergene migratlon of shemical elemenis gnd of the crvation of secondary
auracien and dleperzion ireins in epecifie landascape-geochemlcesl conditions including the cha-
roetor of leaching end diluting of appropriate ancmalice in peleo- and recent conditiona;

~iypa of geoohemicel samples mnalyses which are scheduled to the usage in the process ol
conducting worlk.

The above approach %o the cholee of eempling fractlons ensbles io ralss a reliebllity of
geochemlcal prospecting, thelr infermativity and to aveld of beselses Increase in the sampling
denslty.



ESVIMATION OF HINERAL
iHE USSR

. AL, Gurago, HoFoROsieroy
FGO "Primorgectogiva™, USSR

Tre methods for quantitative estimation of miccralization used in the union "Primorgeologija” are
d on the application of a mathematical model cowmon for a targe group of hydrothermal ore cbjects in
movje. The formal basis for such a model is a Linecar combipation of square-law exponents (Gauss-type),
which satisfactorily describe distribution of ore eisments concentrations in three-dimensional space.

2 vhe bagsis of tha v ived medel ard its adeguate transformations, the methods and models were

welopes fov local and arex quantitative forecasiing of mineralization according to primary and secondary
‘1tk0-»kz1,dL nales, that can be divided into the following three groups.

1. Mzchods of volumet-ic and fiat modelling of ancmalous geochemical field aceording to main ore-

civd bals-rorming elamanss

2. mztheds of quantitative estimation by m
elemzniz iatoe an isotropic model, which i3 adequats o ©
main characteristics.

3. One-dimansional mﬂtrodb of quantitative estimsiion by means of specific metal potential, Linear
ard aren preductivity of ore sodics ant th primaer s e

Thz above mentioned methods were presented =L aleo amd realized in computer EC as complexes
of programmes, which present a part of cemputer system of foreoasting ASORD - 000, which operates in the
Bats-Processing center of the union from 1985.

The first group of methods is used in ssarch for deep mineralization accerding to primary
Lithochemicat halos, in prospecting and estimation, during preliminary and detail exploration. With these
mzthods for the first time in practice of geochemical investigations the volumetric model of the primary
tin hato was received for a part of the territory in one ore district of Primorje, on the area of 500 km2.
The results of modelling ailowed to estimate predicted resources of tin and to make their geometry in a
three-dimensional space,

The methods of the 2nd and 3rd groups aliow to solve the tasks of prospecting and prospecting
estimation forecasting according to primary or secondary Lithochemical halos both in arez and profiie
variants. In this case one estimates: ore-formationzl belonging of the object, its possible sizes, depth
of cccurrence of commercial ores, predicted resources of the metal, degree of erosion., Special nomographs
a®z "hand” made for estimation of the two last characteristics.

Several hurdreds of ore ocourrences and gevchon L arcmaties were sstimated by these methods in
jo during last vears. Azzording to the results o control works, the reliability of forecasting is
. = methods are apu.isably for estimatd denciermat deposits of tin, ifead, zing, tungsten,
wOnua metals.

054

=f transformatien of the concentration field of the
't of the object under estimation according to its




ON THE THEORY OF GECGCHEMICAL DIFFERENTIATION
OF ELEMEWTS IN PROCESSES OF HYDROTHERMAL
HETAMORPHISM AND ORE FORMING

E.K.Burenkov, I.Ja.Erukhomovich, B.S.Kogan
Institute of Mineralegy Geochemistry and Crystaltochemistry
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 compesition the behavior of the geological systems. Indeed, all the irreversible
metamorphic processes ocourring due to interaction of penetrating fluid and embedded rock include as a first
step wetting and adsorption of most active molecuiles 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 in rock are the "Rebinder effect"” revealations 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 geochsmical differentiation of
elements in Large-scale hydrothermal metamorphic and ore forming processes as a component of the process
of evaluation of originally unporous and homogenecus medium under joint inftuence 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 of f the equations describe an appearance and evolution of dissipative structures. The conditions
ara obtained and gecchemical meaning of the structures is discussed.
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COMPARISGH OF STREAM-SEDIHEHT, SOIL, AMD ROCK SAMPLING
IN BASYURT YAYLA (GIRESUM -TURKEY)

Engin Cubukcu, Ayhan Erler, and Hurkan Karahanogliu

Middle East Technical University
Department of Geological Engineering
Ankara OE531, Turkey

The Basyurt anomaly, that resulted from a regional geoshemical survey with stream-sediment samples,
was studied in detail by stream-sediment, soii, and rock sampiing. The studied area Lies in northeast
Anatolia, within the Pontids tectonic gprovince. The rock wnits 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 aromaligs which totally cover an area of approximately 5sq km.
Both of them are combined {u-Ph-Zn anomalies. One 13 found %o be related to the mineralization on the
intersection of two fault systems crossing the gramodiorites, and the other is related to the mineralization
along the contact zones of gramodiorites with andesites and basalts.

Background, threshotd, and aromalous ranges for Cu, Pb, and Zn in stream-sediments, soils, and
rocks, were estimated by severat technigues, then optimum ranges were selected and utilized in preparation
of 1isochemical maps. For stream-sediments, Cu and Pb appear to be better tracers then IZn, which has
occasional anomalous values that do not correlate to either Cu and Pb or traces of mineratization, For soil
samples, Cu displays a single, but wide anomaly, whereas Zr and Pb display two distinct anomalies. Far rock
samples Cu, Pb, and Zn display at least two distinct anomalies.

Trace element contents of stream-sediment, soil and rock samples were statisticaliy analyzed using
trend surfaces and multiple regression. Cu, Pb, and Zn in soil 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 batween Cu, Pb, and Zn in the same sample type are generally sig-
nificant indicating that they occur togethar in the micreralized zanes.
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GEOCHEMICAL CORRELATION AND COMPARISON BETWEEN LABRADOR
AND GREENLAND

P.H. Davenport, Department of Mines and Energy, St. Johns, New Foundland
R.G. Garrett, Geological Survey of Canada, Ottawa, Canada

P.H. Green and P. Simpson, Brifish Geological Survey, Keyworth, U.K.

A. Steenfelt, Geologial Survey of Greenland, Copenhagen, Denmark.

ABSTRACT

Continental reconstruction of the North Atlantic region (e.g. Gower and
Owen 1984) indicates the approximate relative positions of Labrador and
Greenland prior {0 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
L abrador 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 Greentand. 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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IMAGE-PROCESSING OF GEQCHEWICAL DATA TO MAP GEOLOGICAL STRUCTURES AND ALTERATION ZONES

Pater H., Davenpart ang W. Lawrence Nclan
Geological Survey Branch, Hewfcunlamd Department of Mires and Energy, P.0G. Box 8700, St. John's, NF
Canada, AlB 4J6.

Both geochemical and geophysical surveys map compositionat variaticns in bedrock sa technigues
similar to those used to enhance spatial features in geophysical data can be applied to geochemical data.
Although based on the geochemistry of surficial media, shaded-relief maps of drainage sediment geochemistry
delineate Linear ard curvilinear features that are related to bedrock structures. Linear features arise
in three main ways: 1) the juxtaposition of two geological units of contrasting composition (e.g. along an
intrusive or faulted contact); 2) alteration atong a linear zone (commonly fault-controlted); and 3) the
offset of continuous geological umits along a fault.

To apply image-processing techniques the geochemical data first must be transformed into a suitable
format by processing through four main steps; primary gridding, secondary gridding, filtering and
preparation of a shaded-relief image. The primary gridding interpolates the d¢ata from irregularly spaced
sample sites to a square grid. Gridding parameters such as weighting factor and search radius are chosen
te maintain as much original information {including roise) as possibie during this initial step. An
efficient grid-cell size is chosen such that the numkber of cells containing no data points, or two or more
are minimized. Such a grid-cell size wili 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 ariginal data set. Secondary gridding
is done to fit the initial grid to the video display device such that the secomdary 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 anatytical noise, which
detracts from the clear perception of broader, geologically significant patterns. The spatial signat is
clarified by filtering this jmage; ar adapted trimmed mean filter { & 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 in 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 window 15 increased; if the image is too ‘flat', it can be decreased. To
obtain visually pleasing images it has been fourd that the wirdow used in filtering should be on the order
of 10-50 times the average sample-site density, and that even with this large window, quite narrow features
can be resolved. 3patial features can be variaoly e=rnanced by changing the vertical scaling and the
inclination angle cf iliumination, and particutar struciural grientations can be emphasised by varying the
declination angle of iiiumination.

The distributions of stements such as N1, Cr, Cu, and U in the regional lake sediment data for the
isiard of Newfounland, Canada, are strongiy tontrolled by Llitholegy, ang therefore clearly map major
tectonostratigraphic units and their structure in much the same way as an asromagnetic surveys does. Major
boundaries between geolougical terrains and the intrusive contacts of large igneous intrusions are expressed
as abrupt ievel changes in these elements wnich reflect corresponding changes in bedrock geochemistry. These
elements also delineate more subtle offseds in the regional geology cug to smaller-scale faulting or the
influence of bpasement structures on near-zurface geclegy. Elements such as As, Sb oand Pb show Lless
correspondence witn piinary Lithology, but delingate areas of hydrothermal alteration, which are commonty
fault-controlled, linear zones. Although faults can be mapped both directly and using several other indirect
approaches (from thelr topographic and agrommgneiic expressions, for example), geochemical mapping provides
a way to distinguish faults associated with hytrothermal systems from those which are nrot. This unique
tnformation is particularly valiable in exploration for many types of hydrothermal mineral deposits, and
on a regional scale ip provides a broad overview of the location, extent and pattern of hydrothermal
activity. These patterns are ctarified when image-processing techniguez are applied to the data.

Geophysically amd gecchemically defired Linears are covplementary in that they reflect different
aspects of varmations in bedrock composition, and they both in turn complement tepographic Linears which
reflect variations in ihe mechanical properties of bedrock. The use of video display systems, especially
thoge ircorporating data overlay and analysis capatitities are useful in identifying the more significant
of what can be a plethora of linears.
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A SOIL GEOCHEMICAL STUDY OF THE KATO THERMES MINERALIZED ZOME, XAWTHI PREFECTURE, N.E. GREECE
Alecos Demeteriades and Constantinos Zangouroglou

Institute of geology and mineral exploration, Greece

The mineraiized zone of Kato Thermes is situated to the west of the hcmonymows village, and lies
50 km north of the tawn of Xanthi. The detailed soil geochemical survey covered an area of abgut 5 km™ with
an 86x20 meters sampling grid. The results of only the narrow zone of Kato Thermes of 0.4 km” area will be
presented and discussed.

The Kato Thermes zone is made up from rocks of three different units. The oldest is the Intermediate
Gneiss unit with leucocratic biotite gneiss, which is locally amphibotitic and banded; this is succeedec
by the Upper Marble-amphibolite sub-series with amphibolite and graphitic marble, and the Upper Banced
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 NSOE direction, with an observed length of 800 meters and
a variable width from a few to 20-235 meters. Two types of minerzlization have been identified: (a) vein Pb-
Zn (%#/= Py), which is the domimant type, and (b) ' 'metasomatic’’ replacement occurring within the marble
of the marble-amphobalite 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 gualitative and guantitative
variations both in the horizontal and vertical sense.

The detailed soil geochemical survey was carried out with the aim to map the mineraiized structures
of the area. The soil sampling was executed along traverses of N40E direction, and the samples collected
from the base of the develaping B-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 reiief. The soil 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, Coc, Ni and Mn after digeStion by a partial analytical method.
The guantitative control of the analytical method was carried out by replicate determinations on 96 random
chosen samples.

The soil geochemical survey mapped the mair mineralized zone of Katc Thermes as well as other NW
and NE trends. The presentation of trace element spatial distribution was done by a number of technigues,
which aimeg in their full interpretation. The positive residuals mapped precisely the Kato Thermes zone with
a ratio of 1:2 to 1:4 over the mineralized zone, even over sections where there 15 a definite 1nterruption
of the single and multi-element gecchemical ancmattes with all the other treatments and presentations. The
depth penetration of the soil geochemical method used has been ascertained by core-drilling, and is in the
order of 100 to 120 meters from the surface.

This work shows that the combination of positive residual maps and other data presentation

techniques were definitive factors in delineating the most promising sites for the occurrence of
mineralization and the ones which give the most distinct patterns.
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RESULTS OF GEOCHEMICAL PROSPECTION IN THE SLANSKE VRCHY MOUNTAINS, EASTERN SLOVAKIA

Lubomir Divinec - Peter Volko
Geologicky prieskum, Spisska Nova Yes, 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 stratovoleans and the Velky HMitic
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 201l survey, Lithogeochemistry and
hydrogeochemistry were used.

Central voleanic zones of the above mentioned stratovolcanoes were investigated using geochemical
goil survey. Soil was analyzed both semigquantitatively and guantitatively for Cu, Pb, Zm, Ni, Coc, 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 arcmalies have enabled to direct
prospecting works on this dasposit.

Anomalies ascertained in the other stratovolearoes of the Slanske vrchy Mts. are not connected with
ore mineralization, they reflect only tithological differences.
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GEQCHEMISTRY OF SULFIDE-HICKEL ORE-MAGHMATIC
SYSTEHMS AS A BASIS OF HEW AFPPROACH 70 PROGROSIS
AND EXPLGRATION OF DEEP-SEAVED DEFGSITS

D.A.Dodin
AlL-Union Research Institute for Ocean Geology
and Mineral Resources "YNIIOkeangeologiva“®,
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 targest nickel grovinces of the world. The aim of the analysis
in this case is prediction, based on anomalous minerazl-geachemical fields of concentration (AGFC) and
dispersion (AGFS}, of sutfide-nickel ore-magmatic {SNOM3) or tectonomagmatic systems of different type and
character by studying and modelling processes of their generation, formation, emplacement and development,
The rank of such systems cam vary from planetary, global (metallogenic betts) through superregional
(provinces) and regional {structural-metaiiogenic regions and zones) to areal (ore areas) and local (ore
fields, deposits and beds).

Cutlined is a six-stage model of SNOMS formation: (i) premagmatic and pre-ore; (i) voleanic; (ii1)
main intrusive and ore; (iv) main ore and intra-intrusive; {v) fipal intrusive and intra~ore; and (vi) post-
intrusive and final ore stages. Main geochemical features of compenents of each stage of SNOMS develapment
are recognized.

Data on chemistry of first-stage producers were 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 determined in the result of study of trends on plot components
diagrams. Considerable weighted average contents of mercury, copper, suifur, water, chrame, 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 former and in the upper parts of IM. An increase in methane, hydrogen, water, fluorine, chlorine and
heavy hydrocarbans was revealed for a commercial nickel-bsaring contrasting antidrome volcanic association.
A sharply reduction character of fluids, accompanied by the predominance of hydrogen over methane and higher
nitrogen content, is typical of commerciai nickel-bearing IM; methane dominates in Low-nickeliferous IM.

As complex SHOMs develop, the content of copper, platinoids, gold, sitver, mercury, potassium
increases. As well as the presence of contrasting zonal AGFCe of these elements, as well as metasomatic
aurecles of specific composition and structure, and shows of late ore formations (platinoid, polymetzalic,
antimony-arsenic, copper-zeolite and the (ike), suggest deep-seatad SNOMSs containing rich ores. Loss of
votatiles (mobile components) at the secend stage of SNCMS development led to an increase in coefficient
of explosiveness, inhibited magma lLayering into liquants of various composition and, first of all, excluded
the appearance of high sulfur sulfide melt-separate are intrusion in the case of the formation of large and
unique deposits. It can be assumed that the higher the discrepancy between the given model of a particular
SNOMS, the ilower its nickel content,

Complexes of rhythmically Llayered pluton appear to be the most viable among major SNOMSs of the
world; the pluten are related to ensialic and intercontinental rifting, exposing the deepest and
unexhaustable mantle zones of magma formation and equivalent to them in composition and structure.

A global temporal trend of SNOMS development in expressed in an increase of the part of copper and
patladium as compared to nickel and platinum.
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GEOCHEMICAL MODELS OF ORE DISTRICTS AND
FIELDS, AND PRINCIPLES OF THEIR CONSTRUCTION
USING A NICKEL-BEARING PROVINCE AS AN EXAMPLE

D.A.Dodin, M.A.Sadikov and I.1I. Sidorov
AlLL-Union Research Institute for Ocean Geology
and Mineral Resources, Leningrad, USSR

Contrasting basalt series (picritic, comatiitic, ankarmitic-clivine-tholeiitic-andesitic) and
comagmatic nickel-bearing differentiated intrusion with various ore contents are the characteristic magmatic
features of the model for the province. Volcanics are treated as time-dependent primary flows of magmatic
material concentrations, the antidrome character of which is an indicator of cre potential ( the second
temporal geochemical tendency). In the presence of copper-nickel deposits there will be an increase in ore
element contents and a decrease in barium contents in similar rock types permits identifying ore types in
the area under study. The proposed model uses heavy metal concentrations in magmatic sources that reflect
the tendency for intrusive rocks to form Llater that extrusive rocks, which, together with gravity
differentiations lLead to an increase of metal contents in young basalts and formation of orebearing in-
trusive rocks during the final stage of the magmnatic process. Along with an increase in minor element
contents in the evolutionary process of basaltoid magmas, there are local ore element concentrations in
upper levels of the tuff-lava unit, traced atong disjunctive faults in underlying intrusions, which
suggested an additional activation of ore materials during the Jurassic-Cretaceous tectono-magmatic cycle.
This rejuvenation of primary hzloes often results in their inverse zonation. Studies of primary flows of
concentrations permit to know areas at depth and to outline them by types.

The recognition of these types is a basis for models assessing the ore-generating process and its
effects on host rocks. The latter are significant only within deposits. The usage of factor diagrams enables
us to identify geochemical types of differentiated intrusions by their exposures, i.e. to model them to
depth. Ore-generating processes affect most dramatically only texitic and picritic gabbro-dolerites and
also picritic basalts; while olivine and troktolite dolerites may also show a trend for ore-metasomatic
transformations; this is a basis for assessing ore potential for the given area. To leave only the
epigenetic component which is directly affected by ore-bearing fluids, all contents can be recalculated to
median contrasts because of the weak dependence between medians and end members.

There are three basic variants for assessing system of relations by repeated correlations (after
Yu. K.Burkov). The first variant:all trap elements (nickel, chrome, cobalt, titanium, zirconium) are
separated from hydrothermal elements (gallium, molybdenum, lead, zinc, tin, yttrium, ytterbium); this type
corresponds to natural associations practically unaffected by ore formation processes. The second variant:
supraore halo elements (nickel, chromium, cobalt) zre separated from supraintrusive halo elements (primarity
titanium and zirconium), which refleets the effects of the ore-formation process when massive ores
dominantly form. The third variant: chromium enters association, which oniy reflects changes of rock
assemblages. Copper is more often related to nickel and cobalt associations and can transform te an opposite
group, because of the weakness of this relationship. There can certainly be some variations in this
principle scheme, which depends on the elements participating in the hydrothermal process as well as on the
cover and bottom deposits due to the destruction of pre-trap rocks.

We have developed a model for a copper-nickel deposit using average parameters of truncations taken
at an egual distance from the roof of intrusions and massive ores so as to remove the effects from rock
varieties, and also using absolute depths. Two groups of elemerts have been recognized by supraore {copper,
nickel, cobalt, chromium, vanadium, platinoids, mercury, barium) and supraintrusive (titanium, zirconium,
strontium, lLead, zinc) haloes, their discantinuity, the existence of inpoverishment in section of supraore
and supraintrusive zones. Spatial-temporal relations within ore fields can be plotted as vectors for
redistribution zones of average additive values, according to rock groups of typomorphic elements of
supraore (group 1) and supraintrusive (group 2) haloes. Combinations of positive and negative vectors for
the two groups determine the redistribution elements zones related to geochemical field disturbances.

Positive criteria for the discovery of copper-nickel deposits with massive sulfide ores include
factor loading of the Talkhakh type. The situation, in fact, depends on the contrast between the supraore
halo typomorphic elements and supraintrusive halo elements and also on the transition of chromium to the
first association, i.e. we have z picture similar to the second variant of the repeated correlation.
Therefore, classes identified by the first three factors (eight elements: copper, nickel, cobalt, chromium,
vanadium, manganese, titanium, zirconium), also considering coordinates, are consistent with spatial
structural patterns for primary haloes; they divide the geochemical field into uniform portions according
to different levels of sulfide-nickel ore-magmatic systems. Most promising classes are consistent with
fields of the third order "exclusiveness"”.

The propeosed models identify ore districts, then zcnes, fields and ore deposits in provinces. A
combination of regional 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.



THE ORIGIN DF CONTACT ZONE BETHEEN SERPENTINITE AND GRANITE,
JORDANOW, LOWER SILESIA, POLAND

Elzbieta Dubinska

Institute of Geochemistry, Mineralogy and Petrography,
Faculty of Geology, Warszaw University, ab.Zwirki i Wirugy 93, 02-089 Warsaw, Poland

David Szafranek
Department of Geology, Institute of £arth Sciences, The Hebrew University of Jerusalem, Givat Ram,91904
Jerusalem, Israet

A highly tectonized contact zone between granite and serpentine is composed of different schists
containing layer silicates {chlorite, vermiculite etc.) as well as tremolite as major phases. The minor,
accessory phasas {Ta~-Nb+-Bi-phases and barite) indicate that the zons is formed due to penetration of an
apophyse of Variscan Strzegom-Sobotka granite into the older Jordanow-Gogclow serpentinite.

Proposed model includes texture evolution of the schists and coeval changes of the granite fabric
correlated with formation of varicus mineral assemblages and pathways of major etements.
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GEOCHEMICAL MODELLING OF HIGH TEMFERATURE PROCESSES OF COFFPER MOBILIZATION

N.A.Durasova, V.L.Barsukov, I.D.Ryabchikov, L.N.Kocchnova, Vernadsky Institute of
Geochemistry and Analytical Chemistry, Institute for Ceology and Ore Deposits, USSR
Academy of Sciences. Moscow

Cupriferous massive sulphid deposits in & number of regions of the world are noticed
to have certain relationship with volcancgenic formations. The issue of cupper sources of
the deposits is still a subject of debates.

The work based con an exzperimental modelling of the copper behaviour at magmatic
parametrs and alsc during the further transfomation of the volecanie rocks with the changing
temperature and oxidizing conditions., It permitted to avaluaste sn extent of the copper
mobilization by magmatic fluids, its redistribution and forms of existence during the
neating of the effusive formations under the oxidized conditions.

The fectors facilitatlng the accumulstion of copper im the residual melts during
their golidification and copper mobilization inte the fluid (i.e.lneresse in acidiec state
of thz melts and concentration of chloride in & fluid, growth of oxygen partial presasure
and pressure in magmetic systems) have been determined.

Thermodynamie caleulations on the basig of the obtained experimental data confirmed
that in nstural megmatic systema, in the presence of sulphur, copper is mainly extracted
by the sulphide pheses which ¢auses a decrease ln its vield in the fluid.

The nsturs of copper redistribution during the heating the volecanlc rocks under the
oxldized conditions has been investigated. It has been shown that Cu is concentrated om
the surfeces cof minerals in sn oxidized, essily mobilized form.

The obtained date permitted to establish favourable conditions, intervals of physico-
chemical pearameters which enhance the ore-~generating eapacities of volcanogenic formatioms
with respect to copper.
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GEDCHEMICAL EXPLORATION IN SELECTED AREAS OF SYRIAN ARAB REFURLIC
Miloslav Duris - Jaroslav Hak - Viadimir Majer - Vladimf{r S4fka, Ustfedni (stav geologicky,

Prahs, Czechoslovakia

Regional geochemical survey on scale 1:50 000 was done inm six areas of Syrian Arab
Republic - Coastal Mts., Shoghour, Bassit, Kurd Dagh, Antilebanon and Southern Syria.
Total B640 sqg.km were geocchemically mapped using stream sediment and heavy mineral sur-
veys as basic methnds in search for base metals and diamonds. The density of sampling was
roughly 4 stream sediment samples and 1 heavy mineral concentrate per sg. &m in all areas.
Stream sedimenis were analysed for Cu, Pb, Zn, Ni, Co, Cr and Mn using aiomic absorption
spectromeiry. Every tenth sample was checked for Hg. ALl heavy mineral concentrates were
mineralogically examined and selectad tracer minerals (ilmenite, garnet, Cr-diopside) were
analysed by electron microprobe and €05. Fine fraction of heavy mineral concetrates was
analysed by means of optical emissien spectrometry. All field and laboratory data were
computerised and resulting geochemicsal maps 1:50 000 and 1:200 000 were platted using
computer techniques. Geochemical maps show the distribution of chemical elements. Their
cantent in individual samples is related to the statistical wean of corresponding geo-
lagical unii. This is demonsirated on ihe maps by different value of standsrd deviation.
The regional survey was supplemented by photogeological studies concenirsied on exodynamic
analysis of the areas with respect to tectonic predisposition of the relief and position
of valeanic complexes. Betailed studies which followed regional survey were focused on
search for diamond bsaring rocks in Coastal Mts., gold in Al GChab depression and Cu mine-
ralization in Kurd Dagh. These investigations were based on close up geclogical mapping
1:5000 and 1:10 000 supplemented by scil sampling and other metheds.

The area under consideration is located on ihe northern extreme closure of the Afri-
can rift extending from Africa through Dead See to Lebanen and Syria. The most critical
elemsnt which had bezn controlling the geological develepgment of the western part of the
Arabian platfrem since Jurassic until now, is a deep seated fracture zone related to the
Rift. Regional genchemical exploration showed no prominent anomalies indicating an occur-
rence of base metal deposits. Dnly znomalies of base metals asccompanied by mercury occur-
ring in southern Coastal Mts. and in the Shoghour area are to be checked by a faollaw up
program. They are related to fracture zomes and may indicate some hydrothermal minerali-
zation. Mo 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 tao ococur there. Detrital gold
in Al Ghab depression turmed out to be of anthropogenic origin and of no economic value
either. No economic mineralization of copper or other elements is expected to occocur in
Kurd Dagh because of small extent of ophiolite series and -unconvenient geology. Dut 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, merketing asnd feasi-

bility studies.
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GECCHEMICAL SOIL SURVEY IR #0OZLLU {TOKAT-TURKEY)
Ayhan Erler, Ender Atabey, and Caner Doganeli

Hiddlie East Technical University,
Department of Geological Engineering,
Ankara 06331, Turkey

The Kozlu regton Lies in north~central Anatolia, within the Anatolids, near their boundary with the
Pontids along the North Anztolian Fault Zome. The main rock units in the region are the Kececi phyilites
and the Kozlu greenschists of probably Paleszoic age. The Kegeci 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.

Regional stream-sediment geochemical exploration indicated presence of copper anomalies at the
soythwest of Kozlu, and anomalous values for zinc and cabalt 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 coverad by soit, and
outcrops are rare. Vegetation includes bushes and trees. Soils of the region are brown to green forest scils
in which the horizons are not well defined. The soilL samples were thus taken at a constant depth of about
30 cm. The samples wera analyzed for Cu, Zn, Ni, and Co by AAS. The Cu values show appreciable correlation
to the ZIn values, but correlaticons 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 regtonal
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 vatues 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 MIHERAL-FORMING MEDYVLM DEWL THE o
OF QUARTZ-CASIITERITE IULT N DEFOSIT.
A Erokhin, V. I Yernedzky Insiiiuis ¢f s

b

tultin deposit (USSR, Oruviotks? fg spattially sand genstically assoctated with late Creta-
ceous granites, enriched in Ittnophl'ec elements. Th: depozit represents a series of subverti-
cal ore velns in alteretsd carbsnacecus sohlsis and aleviolites, grelsens arg developed in
the apical part of doms. Quartz (Q} is the mator mineral of veins (up to 95%), other minerals
- cassiterite ((Us8), auscuviie, wolframite, arsenopyrite, peryl (Bs), calcite (Cc), fluorite
{F1) are in ths minor abundencss. Flutd inslustens {(F1) were studied in mineral assembleges
defining the sequence of deveicnpmani‘ of thiz de{v‘—" . l"‘ihg thermostage with an accurasy of

1+2°C and oryostage wieh sn ﬁ“‘uracy B RN o re data for clasterss of one-type
inlusions were used for calculattons the {Tuld « B ten (1o mole fractions) with our prog—
ram The evolutton of mineral-forming medium have bsen considered In terms:

Ri=HDO2/K0HA, RE=MH20/XH201, R3a( HOO2HOHA) /142043 al)) and Th - filling temparature.

la. Ths Fi compeosition in preore quartz te BEO-Hall-CG2-CH4, concentration of solution ©
=1,7-3.8 wt%, moreover Fi often contalh organtc bitumolds. Fluld are of reducing character -
Ri=1,1-8.8, Th=302-844°C, R3-0.16-0.52 (fig 1). Botling of Fluid was observed.

ih. The magmatic fluld In mslt inclusions in granite and primary magmatic Fl1 1s represe-
nted by H20-NaCl soluttion, G=0.5-1.5 wt%, Th=230-300°C. Low Th. of Fi are explained by high
fluid pressure P=5-8& kbar, Th of malt inclusions 1s 780420°C. Water contents {n melt is 7-97.

2. The conposition of lats mammabico Plutld (-Fzp veins) ts  H2ZO-Nall-CD2-CH4. C=3.7-10.5
wbi, R3=0.05-0.41 (fig. 1), Ri-L 5-100 00 Yeak boiling of Fluid cecurred. Th-311-368°C.

3. Greisens contain the nore oxtdized fluid of =such composttlon as  H20-NaCl-CO02-CH4 Ri=
16.1-22. 5, C=8.7-10. 4 wid, Th=326-348°C, R0 256-0,35; the bolling is weak.

4, Ore veins. Three types of Fluld wers dichingmitcred

a) H20-Mall-C0B-CH4 composition, In (0), (03,
R1=2,3-4, 8, R3«0. 19-00, 92, Ths irfluence of botling
shown in the fig 2

b} HEG-Nalll wargosition.  In

¢) Carbonatae-bicarbonnts o
CONCLUSIGHS:

1. Two difTerant fiuids ais
first had water-ci 1("‘
fluld of tihs hsabesd wall rov
the tnteraction off thic Ciaiad wili

L i-8.5 wtX  No  botling.
C-21G°T, (=0.6-2.9 wti.

Liem o R [Tultin Sn-¥W deposik: the
:ihy pranite, ths second vwas a pore
arvd b4, whtoh were the products of
o owf wall rocks, Ab the stage of fractures
formation the ¢luid sist : depostiion, dus to the drop of
pressure, Ths miging of btho oo s rraeion golutions (of primary metecric
genesis) are confirmed bw isptople daia of  $Into wwier AY0UYormmos, et el 19891  and
§D (Cymesckam, st ai 9201

2. At the fractures Tilling sizge Tluid wisizoars wortabsd i velatiles, continued under
decreasing temperature of wall rocks » : : aonditions.  The great bulk of desp
fluld was coming to the zons of minseal deposic =i b Antrinsic parts of ¢rystallizing
granite melt. Fluld totling took ploce in Hddise and upper parts of deposttion zone.
Fluids of bilearbonate corpusiition, which are net diionily related Lo ore formation, came last.
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APPLICATION OF GEOCHEMICAL METHODS TO RESEARCH OF ACTIVE FAULTS

Jiang Fengliang, Xu Ping
Institute of Geaology, State Seismological Bureau PRC, China

Strong tectonic movement may cause the medium to change its physicochemical nature and state, and
result in abnomal variation of a series of geochemical parameters, While the rock body is compressed and
deformed and finally ruptured, the tranmsmission of energy and the exchange of substance among rock-water-
gas systems bring about variation of some parameters of the fiuids. On and in the vicinity of fault zones,
the rock is broken and loose, and the porosity s high, so these places are good passageway for the
upflowing of ground fiuids. 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 arsa far away from the active faults.

1. Radjoactive Rn Value

The ruptured rock leads to the increase of Rna-emanation area and the stress press cut the Rn-gas
of the active faults, and then it transmits into atmosphere. So that ®n 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 more evident than that on weak-active
region. Gas is produced by the interaction of water and new rock surface which is formed by moving of the
fault. The kind of gas is controlled by the petrochemical characteristics of the fault. Generally, sedi-
mentary rock fault zones often preduce C02 and igpeous rock fault zones produce H,. 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 activity of fault and be certaim about hidden
faults and predict earthquakes by mearsuring gas-Hg of soil and soil 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 sublimaticon or changing into gas state while heated or functioned
by gas stream, and finally can be discharged from rock-body. So As value of seil 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 groundwater is very important for the study of the strike and activity of faults.

3) Other Chemical Composition
The development of fissure causes the sasy-volatile ions (e.g. €1 ' SO, ° £ to upflow from the depth to
the surface which is covered by Quaternary Lay layer along the active faults is higher than that of the
ngighbouring area.

Theoretical and practical data have proved that these gecchemical indicators may be used to study
active faults, especially deep-covered hidden faults, and earthguake precursor and the stability of
engineering structure as well as petroleum prospecting.



EXPERIEMCE IN THE LOCAL GEOLCGIC-GECCHEMICAL
FORECASTING AMD ESTIMATION OF GHRE DEPOSITS OF MAIM
GEULOSIC-COMMERCIAL TYPES IN PRB

E.I.Filatov, G.Ya.Abramson, A.N.Ermolaev,
V.I.Motozov, A.Panajotov, V.Pyrvanov,
Institute of Mineratogy, Geochemistry and
Crystal lochemistry of Rare Elements,
Moscow, USSR

The tocal geologic-geochemicat forecasting and estimation of flanges and deep horizons of commercial
deposits were carried out for Zidarovo and Madjarove ore fields consolidating vein line gold-base metal
deposits and for Chiprovo-Martinovo ore body, containing stratiform sideritic and silver-lead-zink deposits.

The investigation technique consisted of analysis of geolegic position, conjugated geochamical
standardization of primary and secondary halos of deposits and ore bodies and geologic-geochemical
modelling.

The aromatous 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 IZn accounts for the mean-ore Level, to which main Au-concentrations are confined.

The below-ore level of veins in Madjarovo 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 Chiprove-Martinovo ore body is characterized by the change of geochemical associations from NW
to SE: Bi, As, Ag, Sn, ZIn, Mo - Ag, Pb, In, Sb, As, - Pb, Ag, Sh, ZIn, Mo, Sn, Ba - Hg, Sb, Ag - Pb - Zn,
M2, 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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GEGCHEMICAL MAP OF PRECAMBRIAN OF THE UKRAINIAN SHIELD
{Experience of Regional Geochemical S5tudies as Based on New
Technologies)

Galetsky L.5., Gorlitsky B.A., Pochtarenko V.I.

Centrat Projecf Expedition of the Ukrainian Geological Survey "Ukrgeclogia”, Ministry of Geology of the
USSR; Institute of Geoshemistry and Physics of Minerals, Academy of Sciences of the Ukrainian S5R.

A polyelemental geochemical map of the Ukrainian Shield is compited for the first time.

Regional information - Logic system “GEOMET -Ukrainian Shield" (geology, geochemistry, metallogeny
of the Ukrainian Shield) underlines new technoiogy. That system cconsists 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;
reck association -stratigraphic subdivisions; complexes of rocks, geological formations; structural elements
of the shield arnd, finally, region on the whole has been created. If necessary, potentiatities 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 bheen created.

Geochemical map of the Ukrainian Shield Precambrian compiled and bases on the above means s
distinguished by the following peculiarities:

- geochemicat zoning is carried put allowing for distribution of petrogenic elements (silicen,
potassium, sodium, iron, etc.) in the geologicai formations, the above elements determining
conditions of geochemical processes proceeded;

- geschemical background of superrock elements of the geological region structure (formations,
structural-formational zones, geoblocks, etc.) are determined 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 and negative specialization of geochemical formations is revealed and is,
correspondingly, reflected on the map;
- confinement of geochemical anomaties angd anomatlous fields to elements of the geological region

structure is reflected as a special type of gesochemical information;

- analysis of “geochemical contrast range" for different systems of the shield division into
structural-substance complex is carried out (precedes the gecchemical map compilation), that permits
a sound crrnsing of a geological basis for the geochemicai map.

The map presented does not reach all the standards of new technology for information support of such
works, Some meno- and polyelement geochemical, specialized forecast-metallogenic maps (diagrammatic 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 Informatiom - Logic Systems "GEOMET -
Ukrainian Shield"

1. The rock content in the +
volume of the strati-
graphic subdivision or
magmatic complex in %X
(for each first-order
block separately)
2. Area of the straiigra- +
phic subdivision distri-
butiaon in each topographic
sheet of 1:50000 scale
{in%)
3. Personal name of + *
the object of analysis
{sample, anomaly} Tn
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RATIONAL COMPLEXES OF GEOCHEMICAL METHODS IN SEDIMENTARY-
COVERED AREAS AS EXEMPLIFIED BY THE
UKRAINIAN SHIELD
L.S.Galetsky, E.I.Olshevskaya, T.M.Egorova

(Central Project Expedition of the Ukrainian Geological
Survey "Ukrgeologia”, Ministry 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 territory of the Ukrainian Shield distinguished by the
everywhere-occurring sedimentary-covered areas (1).

Widely used deep Lithochemical searches by means of efficient drilling rigs KGK - 100 (300) premit
sampling of crystalline basement rocks, their weathering crusts, basal Levels and chemically active Layers
of the sedimentary cover, obtaining information on concealed and buried mineralization, data for geological-
geochemical mapping and prospecting prediction. But efficiency of these works considerably increases due
to qualitative, advanced geochemical and geophysical preparation of areas using 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 esven with the sedimentary cover thickness of
50 - 120 m (rare-metal pegmatites). The methods of mobile forms of elements (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,1988) is developed and introduced.

Halogenometric (fluoro-, jodo-, chlorometric) and pH-metric methods (Zhovinsky, 1988) used to
prospect fluorite, rare-metal copper-nickel, polymetallic mineralization 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-magmatic activation, to prospect sulphide,
rare-metal and rare-earth manifestations as well as other ore localizations.

Its combining with mercury-metric Llithochemical sampling of soils gives reliable prospecting
information even in complex lLandscapes characterized by high watsr content and Loamy composition of soils.

Complexing of geochemical methods is performed with allowance for quantitative and qualitative
efficiency indices under certain landscape-geochemical conditions. Criteria for estimating efficiency of
the methods are as follows: their prospecting informativity, direct or indirect character of information,
depth, efficiency and cost of reliable data.

Criteria of prospecting informativity is quantitatively expressed through a coefficient of the
anomalous character of the prospected area and a coefficient of the anomalous character of the prospected
area and a coefficient of the anomalous area minerogenicity. Their optimal values during mid-scale survey
in the region amount to 0.1-0.2 and 0.3-0.6, respectively, while during large-scale survey when searches
are concentrated in the promising areas they increase approximately twice.

The depth of the method efficiency is determined by facts, the greatest efficiency (by indirect
informativity) is reached by the geochemical method (200 - 400 m while prospecting sulphide or fluorite
mineralization), the MMF methods, pH-metry, gas-mercury searches in complex with Llithochemical mercury-
metric ones. The depth efficiency of Lithochemical searches in the secondary haloes is 10-20 m under humid
conditions of the forest zone, 10 m - in the forest-steppe one and much higher (50 - 120m) in the arid
steppe zone (while sampling pelite-clayed 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-fres sedimentary cover on the rock-debris
hydromica weathering crust or on crystalline rocks (RC-1, RC-3, RC-5}), the other is for lLandscapes with a
thick (from 20 m and more) barrier sedimentary cover on caolinite weathering crust (RC-2, RC-4, RC-B).

So, RC-1 in the forest zone with advanced preparation of areas includes such basic searches as those
in stray flows including concentrate-geochemical ones, searches as deep Lithochemical ones; the method of
DEOF can be an auxiliary one.

Searches in primary haloes (deep or surface), searches in secondary haloes or DEOF are recommended
for accompanying works. Geophysical methods in combination 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 Llithochemical 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 parallel with geochemical methods are of great significance
in 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 world.
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COMPLEX GEOCHEMOCAL MAPPING IN QOLD-BEARING REGIONS
1A.E.Gapon, 5.I.Prokopchuk, I.S.Lomonomov, 2A.A.Shimansky, 1Ins‘hitute of Geochemistry,
2polytechnical Institute, Irkutsk, USSR

The experience of sxploration and assessment shows thai desplite an efficlent use of
associate elements accompanying gold in primary orea as indicators of gold mineralization
thers 18 every ground to consider that thegs elemenis are not efficient enough. This par-
ticularly concerns small-gcale geochemical mtudies where mssociate elements are not indi-
cators of gold deposits. Gold is in faet the only indicator of gold deposita.

In dlfferent geological formetions geld produces complicated gecchemical filelds of
concentrational heterogeneity of metaml, the mapping and enalysim of which increases the
afficlency of exploration.

Ag an example of geochemical mapping of gold concentrations, the results of compre~
henslve geochemical studies are considered for one of gold deposits in Emst Siberia. The
deposlt represents the gold-sulphide veinlet~phencocryst iype occuring in volecanogenic-ge-—
dimentery and sedimentary-metasmorphiec mequences of mlogesyncline type snd Precambrian
sge. 1ts formation im caused by gold-sulphide mineralization syngenetic for hosi seguen-
ces and the subsequeni processes of metamerphism and graenitization which contributed to
the local redistribution of syngenetlc aulphides and gold and thelr new formations due to
supply of gold ,sulphur, carbon oxide, water and other components in ore-lecalizing low-T
zounes of metamorphism from the sreas of high-T metamorphilism and granitization where syn-
genetic mineralization was decomposed. In the periphery, the ore bodles are accompanied
by zones of quartz-celeite veins with geld, and the ore bodles proper comsist of guartsz
veing and velnlet-sulphide gold minerslizetion.

The analysis of mapped geochemical gold flelds at the deposit studied indicated va-
rious sfficiency of prospectlng methods. Thus, the hydrogeochemical geld fields displayed
numerous squeous haloes with metal content over 0.002 mkg/l thus showing the potential
of the region (Fig,1). The geochemical field from silts localized the anomalous domaina
pround the ore body (Fig.2). The panning method was successfully replaced by secintilimtion
method aimed at mapping of the secondary dispersion fleld totally oceccupying the area of
the body (Fig.1) according to¢ a number of gold partlcles (from 10 to 100) =and their dimen-
sions (10-25 L ). '

The efficlency of geochemical mepplng wasg favoured by the development of new methods
and improvement of existing prospecting methods, e.g. scintlilleiion, selective sorptilon of
gold from water through s solid exiragent and employment of recent analytical methods (a-
tomic absorption) which mllow to outline promising areas and to define the most probable
poaltion of geld-bearing objects. The proposed set of geochemical prospecting methods
significantly increase the efficiency of exploration in gold-bearing reglons.
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THE RELATICNSHIP BETWEENM GEOCHEMICAL PROVINCES AND THE MAJOR TECTONIC DIVISION
OF THE EASTERN CANADIAW 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 geschemical surveys employing organic-rich, profundal lake sediment cover a contiguous area
of about 800 00O km2 of the Canadian Shield in Quebec and Labrador. The results permit an evaluation of the
relationship between broad~scale geochemical distributicn 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 internaticnal geologicat
correlation. Geologically, the region is significant in that it contains the southern terminus of the Trans-
Hudson Oragen against the Grenvitte 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 1888, and in Labrador
by the Geological Survey of Canada between 1877 and 1586. The sample medium was similar in each province,
and sample density was generally consistent at 1 site per 13 km®, although some surveys in Quebec were at
a mJch higher density {1 site par 2.5 kmz). Analytical technigues 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 leveliing 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.

Etement distributicn maps of the levelled and merged data for the entire region reveal gecchemical
variation at scales ranging from local to sub-continental. The definition of large geochemical features is
clarified by grouping the individual site data into ceils of varying size (100 to 4000 km™), 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 variapility 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 usefuiness of the data
even more. The compilation 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 is
a useful step in planning further reconnaissance surveys to complete initial gecechemical mapping of Canada.
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GOV-UGTAAL TIN-POLYMETALLIC ORE-MAGHMATIC SYSTEM, CENTRAL MONGOLIA
0.Gerel and E.Batsaikhan
Mongolia Polytechnical Institute, Ulan-Bator, Mongolia

The tin-polymetatlic ore-magmatic system recognized in fhe North Gobi (Ceptral Mongolia) is
controlled by the volcanic domal structure 120 km across, cbserved 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 chatcophile 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 Cretacecus depressions filled by
velcanogenic and terrigencus formations.

The Pre-Paleozoic basement made up of the carbonate-schist complexes crops aut onty in marginal
parts.

The complex rare-metal polymetatlic mineralization is associated with emplacement of the Early
Megozoic subalkaline syenite-alaskite velcano-plutonic association. It unites small-depth massifs of quartz
syenites, alaskites, lLeucogranites of the regular-grained and porphyric structure with numerous varieties
of monzonite composition and chilled facles of rhyodacite porphyres. The twe 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 analegs. The second phase
contains leucogranites, rarely alaskites and their perphyric facies. The veined series consists of guartz
syenite-porphyries - rhyodacite-porphyries, trachydacite-parphyries, apiite-~tike leucogranites.

The association belongs to the subalkaline K-Na series with a high potassic alkalinity and highty
siliceous final members of the series. It 1s characterized by ciark 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 8 and 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,1377).

The ore districts are Localized in the nodes of intersection of ring structures with linear ones.
The time of scarn formation corresponds to that of the main stage of crystatlization 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, scheelite, etc. The third stage is remarkable for the
sulphide mineralization superimposed on scarns and greisens which contains arsenopyrite, pyrite, sphalerite,
chalcopyrite, ete.

The presence of two Stages superimposed on scarns is substantiatec by the distribution of ore-
forming elemznts on separate ore districts and ore zones. The two main ore associations are recognized: i)
polymetallic with elements-indicaters - Pb, Zn, Cd, Au, and i) 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 zonaticn expressed in replacement of rare-metai 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
coingide,

The ore forming elements are distributed irt 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,
An. The central parts of the structure show the rare-metal W-Mo and polymetallic mineralization, while the
peripheral ones have the tin-palymetaiiic mineralization.

The studies allowed evatuation of the typs of mineralization, Llevels of erosional section and
forecast of mineralization.

137



ORE PROSPECTING ACCORDING TO ANOMALY SUBTRACTION
1.5.Goldberg
NPO "RUDGEOFIZIKA", Leningrad, USSR

l. In many ore districts there were stated vast regions of lower concentrations of ore elements
(negative anomalies) spaciously conjugated with positive anomalies invelving ore deposits. Specifically such
regions are revealed in spacious connection with copper-porphyry depostts 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 lowered 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 g 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
atdition - subtraction.

The ancmalies of subtraction of ore elements are manifested in the extension of ore districts,
deposits, individual ore bodies.

3. The analysis of the structure of gecchemical fields, the peculiarities of the behaviour of
separate elements 1in various forms of occurrence give reason to suppose the participation of the
redistribution if natural electrical field ore snergy 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 modet of slectrochemical transformation of rocks, new critaria of regional
and local prognostication of ore deposits has been developed.
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HIROR ELEMERTS DISYRIBUTION IM OOLITIC IRCH CRES
IH THE HERCH DEROSITS.

E.V. Golubavskava
Geological Institute, USSR Academy of Sciences, Moscow

An essentially new facies have been established for "tobacco®™, "brawn” and “caviare” are varieties
in the Kerch depesits, which have the typical genetic properties and mineral associations. Differential
analysis has been performed indicating the chemical minor elements distributicen in different facies types,
Geochemical specification of major components has been defined. In all the above types, phosphorus, arsenic,
lead and zinc have besen shown to directly correlate with iron and c¢obalt - with manganese.

The matrix in all ore types shown as average contents of all slements which iz approaching the
clarke value. “Tobacce” wvres forming in silt basins show higher phosphorus, arsenic, Llead 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, motybdenum and poor
in vanadium, chrome and nickel. The clarkes of concentration of titanium and gallium are always Less than
i; their average value is 0,4. However, the oplites contaimed in brown and caviare ores are generaily
enriched by manganese and ferrum, while in fragments of clay-ferrugineus rock these ores are enriched by
vanadium, titamium 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 atlow to agree with the wide spreaded
view-point of their formatijon and to treat them as the products of tobacco ores atteration to accompany
their axidation.
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GEQCHEMICAL MODELS OF ORE-HAGMATIC SYSTEMS IN VOLCARIC REGICNS

I_N.Golynko,
All-Union Scientific-Research Geologicat
Institute, Leningrad, USSR

Ore-magnatic systems of volcanic regions are represented by ore-bearing volcans-tectonic structures.
By the geochemical model of the ore-magmatic system (OM3) it is meant the reflection of the ore-bearing
geclogic system structure in geochemical fields of dispersion and concentration, Dispersion fields are
associated with processes of magmatism and regional metasomatism not resulting in significant accumulation
of ore eitements, fieids of concentration are associated with hydrothermal ore-generating processes. The
structure results from the following factors: geochemiczl types of magmatic complexes (according to
Z.V.Tauston), evolution magmatism during structure deveioprent, its tectonic-morphoiogical type. As far as
these factors highly predetermine the composition of ore-pearing solutions and zones of their circutation,
they also infiuence the structure and localization of fields of corcentration.

The most premising there are ring polyformational OMS, corresponding to long-living magmatic centres
with stable fluid-magmatic regime., Ome can distinguish central-cupola and caldera-depression ring
structures. The first type is characterized by subconcentric gepchemical zening, usually with basification
complexes arcund tre pezriphery. Concenteatior Fie.ds arz =inzralization have a bent for the central part
(roof bench of the intrus’ve massif) and thus this type of zoning can be called centripetat. Sometimes,
mineralization zones appsar around the periphery in connuctior with the complex of subvolcanic bodies and
dikes with high basicity. The modiel of two-camera differentiation by Z.¥.Tauscon can be applied for this type
of structures. Mineralizaticn is Lithophile and Litho-chaicophiie (Bn, Mo, Au).

Caldera-depressive structures with central wupiift are characterized by centrifugal zoning:
predominantly chatcophile mineralization ({u, Zn, Pb} ‘s associated with highly basic complexes and is
concentrated around the periphery in the zore of ring faults. lLeccal fields of concentration in the centre
of the structure have a !ithophile profile, but they do not give commercial concentrations. The genetic
association with magmatism is more problematic tham for the First model .

Purely depressive volcanogenic structures are the least productive. Local fields of concentration
and ore coccurrences are, as a rute, assoaiated with excentric estrusive bodies, stocks, expiosion breccias
and have a bent for the borders of volvanic structures.

Studies of geochemical zonality of volcano-tectoric structures significantiy refine the krown model
of transition from plutogenic mineralization to the voicanogeric one depending on the depth of he erosion
level (Sillitoe, 1973, Viasov and oth., 1884). The desisive ¥actor (in the author ‘s ogirion) for forecasting
of mineralization is a matter type of magmatic complerss and & tectono-morphological type of the structure
but not the depth of the erosion Llevel.

Whan ceastructing the geretic modeis % shouid e marked that some pecullarities of geochemical
fields 1n OMS voleanic belts van't Be expia:ned oniy by cegasation on accodnt of formation of intrusion and
their intracamera differedtiaticn. Mixed crust-mantle geascherical characteristics of rocks and ores forces
to suppose intensive mass-exchanges between nantle magman ard fiulds and the ¢rust,
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RESEARCHING OM MICRO-PROSPECTING MINERAL MARKS AND GEQCHEMICAL PROSPECTING
AT HATU GOLD DEPOSIT IN WEST JUMNGERL BASIN, CHINA

Harg Gongaue Tian Jianguo

P, R. China

Recently, the researches on geochemical prospecting in China are developing rapidly. On the way of
prospecting mineralogy - quantum mineralogy research, spectrum analysis, isotope determination, mineral
inclosure analysis and test , with systematoiogy and information theory, we put forward a rew method of
geochemical prospecting -mineral geochemical surveying firstly in China. The purpose is to synthesize the
mineralogy prospecting research, modern laboratory methods and mathematical geclogy with computer
processing, to make geochemical prospecting to step intc the field of plural microcosmic information, to
make it more lLively and creative.

Satisfactory resutts have been obtained through the new method on resources assessment, tocating
target-area and forecasting deposits buried deeply.

Hatu gold deposit is one of the Largest and most valuable gold deposits in Xindiang. It is located
at the north slope of Zaril-Daraboot synclinorium and rorth side of Daraboot abyssal fault, in west Jungerl
zong of fold. It iz located between twc NE directed faults, Hatu and Anqi. The direction bging NE TDD, the
Length about 60 km, Angi gold metalliogenic belt extends along and between these two faults, Qigiu Ne.l is
the most perspective and typical depasit in Angi belt. The ore bedies occurred in the proximate faults af
north-side of Angi fault. Nearby Qigiu No.l, sedimentary rocks which belong to Taitergular and Baoguto
formation are abnormally thick tayers of intermediate basic volcanic and pyroclastic rocks, Qigiu No.l is
in upper Tailergular formation which belongs to mid-upper Carboniferous. The watl rocks are dark grey
tuffaceous siltstone, silicecus-argrilaceous siltstone, medium-grained feldspatic sandstone with caicareous,
altered basanitcid, purplish-red ferruginous jasper rock. The main types of ore are altered basanitaoid
eceurring in fracture zone and quartz vein cccurring in faults.

With investigating the background data of regional structure and geochemistry and utilizing the data
of geochemical prospecting mapping {scale 1:200,000), we studied the typomorphic characteristics of quartz
and pyrite, thermoluminescence of quartz composition and temperature of enclosure, characteristics of trace
elements distribution in pyrite and guartz, characteristics of isotope (H, 0, 5, C) in pyrite, infra-red
spectrum, reflective power and microhardress of pyrite. Through these researches, we set up a microcosmic
praspecting marks system in Qigiu Ne.l, and combinz it with the resuvlts of geochemical prospecting (seale
1:50,000) in Qigiu area.

Investigating the distributive characteristics 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 were in through geolegical action. From these, we set up Mineraltization Mature Index, it will
reflect the effects that mineralization made to elements. We regarded it as effective marks of geochemical
prospecting. Through statistic distributive type of Au-grade, the intensity of gold mineralization has heen
calculated. Plural peaks of the satistic gurves have pointed out the overlapping activities of plural gold
mineralization stages. Qigiu No.l's characteristics of position and time have been made clear.

To study the thermsluminescence of guartz guantitatively, we measured the width at hatf-peaks of
thermoliminescent curve, We attempt to make preospecting marks guantitative, and the results were
satisfactory,

Systematology has been introduced into gold geological researches; from Low structure level to
high, the data were extended gradually in 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 prospecting data are obvious.

With GM (1,1) madel of Grey-System theory, the quantitative estimation, inciuding Au-grade, scale
of vein with gold, and reserves in depth of Qigiu No.l have heen made, and the result have been tested
primarily.

Through the researches at Qigiu MNo.l, Hatu district, we come to the conclusion: to combine and
synthesize the data of geochemical prospecting with mineralegy of prospecting, modern laboratory methods,
and mathematical geclogy, together with ample information from mineral geochemical surveying, we witl get
immenge progress on resources assessment, locating target-areas, depth forecasting and forecasting
perspective areas.

Our research suggested that the prospect of the Hatu district will be more optimistic.
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ORE-GEGCHEMICAL HODELS FOR THE PORPHYRY-COPPER DEPOSITS
OF URAL

A.1.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 wetl enough
in the world geological Literature. So we focus attention on new fascinating elaborations gained from the
exploration of the lUrals deposits,

Large-sized metasomatic aureoles (up to 2-15 km along strike and 0,2 km wide}, which suggest the
targe-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 behavicr of carpon dioxide, sulfur and
sodium.

For most of the Uralian deposits of the of the hypabyssal facies, it is found that the metasomatic
carbonization is restricted to the hanging walls of the aureoles - the upper part of the sericitization -

chloritization zore (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 s discovered Tor the first time, that Na substracted from the intericr of the phyllizite zone
is not fully disseminated, but is reprecipitated partially in the outer hanging wall of the phyllizite zone
or in fracture zones. Large bodies of the albitized racks, quartz-albites and humbeites are generated, which
contain 5,5+7,5 mass ¥ Na20.

The Micheevsky deposit, taken as an example, illustrates a direct relationship between a copper
content in the ore bodies and a proportion of sulfur in the overiying "pyrite cover” of the aureole hanging
watl. This allows to prognose that position of the biind ore bodies,

Data presented here, suggest that the esvolution of the fluid upwards is followed by an increase in
its alkalinity and activities of sodium, carbon dioxide and sulfur. A decrease in ferruginity of minerals
in a direction to the center of aureoles (and as a degree of the rack transfaormation increases) and deltaS34
decrease to the periphery of the aureoles suggest most likely, that the oxidizing potential is increasing
in the central ard outlying parts of the aurecles, which appears to be related with the effects of the
oxidized juvenile and vadose waters, respectively.
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GECOCHEMICAL CIASSIWICATION OF ENDOGENLC GOLD DEPOSITS FROM THE MODE OF SULPHUR, SELENIUM
AND TELUIRTUM DISPRIBUTION
VeIl.Grebenachikova, Tuntitute of Geochemistry, Irkutsk, USSR

Some gold deposits of Siberia were formed under diffsrent geodynamic settings, are
hosted in rocks of differsnt composition ond age and refer to gold-quartz, gold-sulphide-
quartz, gold-gulphide =and gold-gilver formations.

The grochewmical clasgificatlon of gold deposito is based on the ratlios of three ele-
ment8:5,58,Te and Auw/Ag. Sulphur, sslenium and tellurium are assoclate elements of gold.
Selenium ig commenly dispersed in sulphide minerals, replacing sulphur. Its increased
contents are cobegerved in sulphosalte of silver. The tellurium, more than gelenium 1s able
to derdve its own minerals,including gold tellurides. According to geochemical characte-
rigtica, selenium is well correlated with ailver, while tellurium with gold. An active
division of gelenium and tellurium in the cruat and mantle Te/Se=1,6 in mantle and
Te/S0=0,013 Lin the crust) allows to use these elements for geochemical classification of
rocks and ores of gold-bearing provinces. Four geochemlcal types of deposits have been
distinguighed.

The first,gold geochemilcal type represents predominantly gold-~quartz spulphide ores
with high Au/Ag ratio(p 10), low Se and Te concentrations snd Te/Se=1 ration. The Te and
Se own minerals are not available. This type of endogenic gold deposits( Communar, Kuz-
netaky Aletaun) 1s spatially and genetically related to the Proterozoilc toleiitic basaltas
characterigtsc of the initisl atages of isgland arc development.

The second,gold-tellurian pgeochemical type represents the gold-sulphide-quartz ores
with Au/Ag ratioc which is over or egual %o 1, with a hightened tellurium content and with
a high Te/Se ratio ()10). The appearance of own Te minerals,including gold tellurides,
is characteriste of this *type. This type of gold deposits (Ust-XKara, East Trans-Baikal
area) are rather numerous in activized marginel continental areas. The gold deposits are
spatially confined to zones of high pormesbility of rocks with widespreasd granitoid mag-
matism primarily of andesitic geochemical type.

The third, gold-sulphur-salenium geochemical type is common for gold-bearing copper=-
nickel sulphlde depesits spatially and genetically related to the trappeen magmatism of
the platform stage of the region development{Talnelkh,Morilsk region).The Au/Ag ratio in
thege ores is amaller or equal %o 0.1. This type is kmown for maximal concentrations of
Se(up to 100 ppm} andéd low Te/Se vatlo equal to 0.1-0.01. The selenium and tellurium may
be pregent as own minerails and dlspersed in sulphides replecing sulphur.

The fourti, gold-gilver-selenium geochemical type unites near~surface gold-silver
depositas of Mesozolc veleanle belia of the North-Eost{Dalnee,Okbhotek-Chukotsky volcanic
belt). The Au/lg ratio in the ores of such deposits ie mmaller than 0.01, Te/Se{0.1. The
low conecentrationa of tallurium end high contents of Se are observed in ores. Selenium
produces iits own minersls and repleces sulphur In sulphesslta of silver. The poaltive
correlation between selenlum mnd silver is common.

The regional comparatlve analysls of distribution in Siberla gold deposits of S,Se,
and Te together with Au/Ag vatlo allows the different sources of ore substance to be
proposed for deposits of this region. In some cases,the magmatic rocks hosting deposits
could be the amource for gold and aszociste elements (silver, selenium and tellurium),in
others one may sssume en additional supply of ore substance from the deep mantle source.
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On THL ORE POTENYIALITY OF GRANITIC ROCKS IN THE DUMBIER ZONE OF THE NIZKE TATRY MTS. IN THE CONTEXT
CF THEIR CRUSTAL ORIGIN

Jozef Gubac

‘he Dumbies zone of the Nizie Tatry Mits, (central Slovakia), termed by V. Zoubek in the year 1935,

YA Lhe Srystaloare compiex of the Nizke Tatry Mts. western part. This zone belongs to the so called Tatride
; hians. In its structure a batholith of deep-seated granitoid and tonalite rocks as

weil as the metaw fr6’0%=4 volcanic-sedimentary formation is taking part.

pat,

s/ J. Gubac (1%89) the crustal origin of the mentioned deep-seated rocks is analyzed.
i1 this petrogenesis certain material dependence between rocks of the deep-seated

I the work

18 pointed out tTha

bod, and materiar composition of rocks from the metamorphosed complex may be proved. As in this area with
racks of oeep-seated ooy alse manifestations of epigenetic ore mineralization should be put into
connection, Tn Lthe presented contribution we shall take notice of these facts, which will halp to clear up
Ltherr ore petentiality as manifestation of the mentioned origin. A relevant valuation is concerned, because

s6 fhe passioility ko clear up these facts, which are specific for the given tectonic unit and which impress
particularities on ore potentiality of the deep-seated rocks, is offered.

the work auoted abive the petrogenetic character of deesp-seated rocks is interpreted
Trom bhie wiews E Lepment, 1n two deep-seated faciss. Material composition of the more shallow
es &f thes 18 derived from metamorphesed mixed rocks of the velcanic-sedimentary formation with

more gistinct v oF acig velcanism. The deeper facies cantaing higher portion of basic volcanism. It
18 necessary to sul manife ion of ore mineralization intc connection with both the mentioned deep-seated

: minerazlization oeccur 1n rocks of the metamorpihosed complex as well as in
inly 1n roc«s of the shallower facies. In deep-seated rocks there is a
n resulted from tectonic relation »f both these facies. The mineralized
e metamorphosed complex is the result of general tectonic relation of deep-
seated rocks and their metamorphic envelope as a consequence of intrusion.

racies., he manitestation ¢

aSep-seatedl it nemss

mipsra

Lecton; sTem I

From deposit viewpoint the manifestations of Au and Sb mineralizations are the most interesting.
Drese @usn the depesit importance of the scheelite miperalization is valued. In the past certain
stiention was also paid to galera-mineralization. Besides W, Au, Pb, Sb, also the elements As, Zn, Cu, Bi
and sporagically also Mo, and Sn showed mineralization activity. 1h1s mineralization activity shows zonal
distoibution not only in the individual ore structures but alec in the whole region with several centres.
foral distribution from the centre to periphery may be expressed by this succession: W, Au, As, Cu, Zn, Pb,
by The Tirst three elements as well as sporadic Mo and Sn are mainly manifested in the inner zone, Sb and
parctly sisa Pd in the external, and Cu, Bi, Zn as well as Pb in the transitional zone. This is obviously
1 refiection of the change in physiczal-chemiczl comditions of the ore mineralization process in space as
well as ne. The characterized zonat distribution of ore elements in this process may be proved by
whichever typa af the ore mineratization mentioned above and whether we want to put the given
3 cnnection with more shallew or deeper facies of deep-seated rocks. The ore-bearing
presarved their general material framework at each degree of their material development.

Lertann oifferences ‘n manifestation of ore mineralization are a result of different physico-
hemical conaitions according to the place of the crustal origin of the deep-seated rocks. Owing to this
wk can observe certain deperdence of concentration of the individual mecallic elements in the process of

o regional extension of petrographic rock types of the metamorphosed envelope. We want
inma, dependence by a geochemical map of the valuated area, compiled for its prognostic

maticn. We a su, unat whereas rocks of acid volcanism contributed to more active manifestations of

Wi Au, AB (50 Mo and Sn mineralization, rocks in the camplex in which members of basic volcanism occur
Vi nimibuied Lo more active manifestatiors of ore mineralization with Sb, Pb, Zn. This is only a

eneraL @nl as alsc in the frame of this division more detailed dependences of this kind may be

srded Do far instance, with mineralization activity of Pb and Zn in the area under study certain
atial feranc be observed, which is necessary to put inio connection with the material character
1 this complex

It is evident that among the factors of ore mineralization Linked with the Formation of deep-seated

ks are aluwo lacvors, which are resulting from the general geological structure of the given area.
‘egarding fully this Fact we cannst be satisfied with evaluation of the tectonic position of the mineralized
structures enly, but it i3 necessary also to take into azcount material particularities of one or other
cectonis unit
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CARBON ISOTOPE FRACTIONATION IN CARBOKATE SYSTEM AND METHANE DURING PHASE TRANSITION
OF THERMAL FLUID

L.K. Gutselo. Braxch for Physico-chemistry snd Technology of Fossil Fuels. Institute for
Physical Chemigtry, Academy of Sclences of the Ukrainian 33R, Lvov; A.M. Plotnlkov, In-

stitute for Geology and Geochemistry of Fossil Fuels, Acedemy of Sciences of the Ukrpal-

nian S8R, Lvov

Todey it ia clear that the main mecheniem which lseds to the changsa in temperature
field, to the redistrihution of gases and their isotope fractionation ig simply due %o
geparation by water and vepour phases and certeln leskege of gases with escaping vapour
(Gutsalo and Plotnikov, 1987). The processes are attendant to the forming, existing end
exploitation of contemporansous hydrolherms.

Under "water-gag" phase transitions in carbenate gyatem of hydrothermal area springs
the equilibrium digtribution of the isotopes of carbon (130/120) between water and steam
are the most frequent. The carbon isctope equilibrium fractionation faectors in carbonate

system of water-ges depend on temperature (T, °K) from 0°C up to 340°C as follows:

1003 eq p
10°thd _ = 0,072 T + 5,206 1
H,004-C0, () (1)
and
k1
10°1nel ®2 - = -0,0691 T 4+ 27,956 {2)
HOO 300, )

During veporizaticn st hydrothermal reservelr which msccompanies with pertial loes of
gases a kinetic fractiomation of gas isotopes 18 highly normal process. An isotope frac-—
tionation is approved by dependence of the isotope composition on gas concentrations asg
well ap on regervoir temperature. The carbon'isotope kinetic fractionation factors in car-
bonete gyatem during phase transitlon "water-gas" depend on temperature (T, °K)} within

interval from O up to 320°C as followas:

1031nc(§ 00.-C0 = —4,665(10%072y + 15,629(10°1" ") - 12,085 (3)
277377 2(g)
and

103111@1500—__00 = "09139('—-?“‘?‘__—")2 + 7!105(7_‘[1[‘“"—?“_)"85849 (4)

37 e(g) 107,545 T 107-1,545 T
Following equation is more sultable for interval of 60°C up to 240°C:

100100/ K00~ o = 195,6(107°1%) - 107,2¢107%0) + 10,28 (5)

377 g)

where T, °K.

The kinetic distribution factor of carbon isotope (130/120) for methane dissolved in
water refevencing to that of the gse phase is linked within infterval of 0 up to 320°C
with temperature velue (T, °K) by next equation:

1071nof & = - 0,24910%072)+0,173010%™ ") + 0,279 (6)

g (w) =g ()
Refersnces:

gussalo T..K. and Plotnikov A.M. /1987/: On the fractionation of isctopes of gases in con-
temporaneous hydrotherms, Dokledy AN S5R. V¥, 292. K° 6. 1468-1472 (in russeilan).
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EEAVY BUTLLS IN PEFF-¥ATER SEDIMENTEZ CF THE SGUT
Ce chenlatry, Irlatsk, USdk

Auicavondbhow, TV Zanddedvey, Tanstltute of Ge

A% praescnd, the southern basin of Lake Badpsal cceurse ipn the zone polluted by efflu-
trduntrial anterprises of Irliuitsk city. The bottom sediments can be used for
sliuglon of the Lake Railtnl secliozical avstem, cince they well reflect the le-
covan poliuticon and show its dovelopment throughout 15-20 years. However,
whendiicant facles vevlaoddons 20 Lottowm sediments over the area do not allow
ada

sion of heavy metal stream and estimation

nag of mond toring to pe eppll

munitoring bagsd on detarning
component ig proposed as alterastive. Sompling of bottom sediments is made
Dordzons with e samplling deterval ©.% rm. The heavy metals flux onto the
wilned through recent rates of sedimentatlion and mags rates of sedimentation
bared on the mathod of uneguilibrated Fb-210.
Tl diegtvitatlien ©F heswy motseld threoushoub the proflle ef bottom sediments is mainly

. T Lt ] e T R R ;o
ol .m0 s dan U Gl e Lowie B2 ORSEEE S3 v IR N 4 Y # HER IR

Lo ; 1 s to procsasss of sediment
dlageneslo. The wpper iamyee 11,0-1,5 cu) of btobtum wediments is actually not changed and
ienships of slemenis fo Vime ol depeoaition onto the bottom. The

digvieve quantiietive
twe upper layers of ipoaltersd sediments ench bedng 0.9 om thick are sampled and the heavy
metely flus on tha “hgbpr-sedinendt dnterface io deteralned fop these zediments over g
time opon appronrizte for each laver depoadilon.

The hoavy wetal £iuxg into vostom sediments of the southern Balkal basin was found to

inerease during B-10 yeers. Sdncs vardation of sedimentaticn velosity and chemlcal com-
nosltion of tho depositivy substonce during the last 20 years is hardly probable for an
eauatlic arsten of Balkel, ths difleremocs in the awmount of flows reflect an increase of

techinpenie somponent +2 the heavy meisl flow on the bottom durdng the last 8-10 years.
limant® dntevface {z-107% om % year"1)

Taole. Heavy meiols Jiux on the Mwate
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wher-the techiegenic part of the flux;"-Y-

e s bor-heavy motals flux: devicad
na daba; Selivssr rate of ssdimentatiou; S,-voaws celooisy of aedimentation, T-time of
depoglbion 22 .7 om gefiasnt layer. ‘

Joarp dlifrsences in the amount of hersvy moils
varta of lake Balkal ars caused by ths diffsrencss in the nediwn of sedimentation. In tho
sonthern and central parts of Baiksel the flow oi the sedimentary substance on the bottom
predominantly songlets of terrigenous material, while in the northeri one 1t 1s diatomic

Clnw in vottow sedimenis in different

material.
The sbsence of tecnnogenie flow into the votiom sediments of the Horthsrn Baikal ids
due a much smalliar level of technoegenic dmpact in this part of the DBailkal aquatorium,
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THE APPLICATICH OF GEOCHEMICAL MODELS CF (4CLD DEPCSITS TN THE PRCCESS OF FORECAST AND
PROSPECTING.

Chetvertlov Yu.l.,.VEIIZarubezhgeologta USSR,

. The consiructicn and subsequent usage of geochemical models for ore deposits in
practice of a large-scale prospecting is of great applied importance. The elaboration of a
geochemical model for a stockwork deposit of gold-sulphide-guartz formation, the study of
regutaritiezs in the relatlon of lts structure with features of geochemical anomalles
structure of the gold field van serve as a gold example. Discovered regularitles can bhe
successfully used in solving forecast and prospecting tasks for appropriate types of
minerzalization,

2. Primary aureoles of gold, arsenic, bismwuth, =silver, molybdenum, copper, lead,
potassium, bayium, agodium, <c¢obalt and vanadium have been devetoped within gold
mineralization systems which are being studied. Ancmalles of the first elght elements are
characterized by their concentiration and accompany Known zones of ore lecalizatlon,
whereas ancmalies of +the fast £ive elements are characterized by the subtractien as
compared to the bacKground.

AgsYmmatric vertical geaochemical zonality of elements-indicators of gold
mineraltzation 12 distinctly traceable in the level of depesit and ore podies: symmetric
horizontal cencentric zonallty 1is recorded In the level of ore <£leld, deposit and ore
bodies.

3. According to geological and geochemical features three main 2zones, that 1is,
central, Iintermediate and peripheral can be distringuished within the limlits of deposit,

Central zome 18 characterized by the development of contrast isometric and elongated
aurecles with a leading role of geld-arsenic-bismuth geochemical association. The =zone
corresponds +to the richest parts of the deposit, 1le, tc the area of ore shoot
development,

In the intermediate zZone primary aureoles of the linear and elongated shape, of a
small thickness, moderate contrast are noted; they accompany the vein-type gold ore
bodies, Here a leading geochiemical assoclation 1s a gold-arsenic-stlver-copper {or lead}
one. Within a peripheral zone one can notice weakKly contrast spotted-type aureole
concentrations characterizing a small impregnaled type of mineralization of no commercial
tmportance. Gold-molybdenum-wolfram i3z a leading geochemical associlation.

3, The above features of the geochemical structure o©f a deposit are distinctly
recurrent within ors field and ore body. In particular, in ore fleld around a deposit
(with gold-arsenic-blsrmuth zaszsociation being a leading one and with an jsomeirtc type of
aureoleg) one <can notice the area of gold-silver-copper-arsenic or gold-silver-lead-
arsenic agsociation (depending on the composition of enclesing rocks) with aureoles of a
linear type which 13 replaced, at the periphery of ore fleld, by ihe area of gold-
molybdenum-beryilium associatfon with a prevailing development of spotted-type aureoles.
Within the 1isted areas 1in a favourable geclogical and srivctural envireoment
mineratization 1is developing, which, as regards geochemical features and morphology, is
identical to the mineralization of a similar deposit zone.

5. The discovered f'eatur‘es of the geochemical structure of the ore fleld and deposit
can be utilized when working out of the strategy of the prospecting within ore f{fields,
that 1s: concentration of main wyolumes of prespecting at flanks and Iin deep horizons of a
deposit and within the limits of gseparate anomalies of the intermediate =zane, Features of
the geochemical model for a deposit and multiplicative coefficlents of +the zonallty and
intensity elabvorated within the limits of a deposit on the Hnown ore bodies can be applied
as criteria for the asgsesgement of geochemical anomalies.
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SYHGENETIC AMOMALIES IN AM ALLOCHTHON AS AN EVIDENCE OF CRYPTO-BURIED MINERALIZATION
Chuchupatov V.N., Chulanov E.I.
Centrgeofizika, Moscow, USSR

Theoretic efforts and field lithochemical prospecticn have been made to test a new, more promising
method based on geochemical analysis of argillaceous sediments in an altoehthon complex, that wouid 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, polymstals, fluorite, tungsten, gold as well as promising terrains of an ancient folded
basement with Llinear and areal crusts of weathering underline thick (10 to 100 m) unconsolidated Meso-
Cenazoic series. They formed as Lacustro-alluvial deposits. Big masses of terrigenous material, composed
mainly of products of rewashing in kaoiinite crusts of weathering {Ivashinnikov, 1978; Korotky, 1983) were
supplied during many consecutive pericds in water areas of the late depression structures. Periodic
appearance of great but shaiiow lakes in the intercontinental depression and consecutive regressive erosion
provided for certain tithochemical aureoles forming around the ore deposits. We call them subaquecus
defluxional dispersion fields {or aureoles). Formaticn of these fields is closely associated with agueous
transit and with areas of clastic material carried there from sources of mineralization. The word area (not
gurrent!) is just what we need to describe the picture of mechanical dispersicn there.Syngenetic nature of
subaqueous defluxioral aureoles and of enclosing allochthen deposits is undubious and confirmed by a number
of special (mineralegical, phase analysis etc.) studies.

Subagueous aureoles are rich in information because their areas are much greater than those of
primary and secondary (residual) aurecltes in all of the ure-bearing hierarchical itevels: deposits-ore
fields-mineralized regions. Below we present comparative data table for various genetic types of buried
aurecles in an wre field containing two deposits and seven indices of fluorite-rare metals, one tin deposit
and 2 buried cassiterite placer:

Element : tin : fluor : tungst. : beriliium : lead : silver
aureole numerator Length x width {km)
type  mmeeciion aeecrwememam e

denominator area {km)

23 29 13 28 12 13
residual j4x3.5 15x4 1ix2.5 12x3.5 10x4 7.5x4
in the ~ ---~-- ———— e e -— ————
crust of 48 ] 28 42 40 30

weathering

subaqueous 17x8.5 18x7 14x5.5 14x5.5 16x6.5 15x6.5
defluxional ~~---- mame e ecmem mmmmme mmaaa
111 126 77 73 104 9§

It is evident that subaquecus aurecles have 5 to 6 times greater areas than the primary aureoles
and 2 to 3 times greater than those of residual dispersions.

Summary:
1. New directions in theory and practice of Lithochemical prospection (Subagueous defluxional aurzoles)
permit 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 itseif in the following:
varicus types of commercial solid state mirerals may be predicted within the subagueous aureoles,
including Cenosoic dated stratiform 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 ercded parts of deposits to have more Liberty in managing data on predictable
reserves;

- reliabjlity of detection of crypto-buried deposit anomalies becomes greater.

We have been going on in our studies.
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GEGCHEMICAL SYSTEMS OF OPfH ORE-CONCENTRATING LIHEAMIRIS
T Tivinsey
ALL-Union Scientific-Research e

s Irstitute, Lomingrad, JS5BR

Many researchers such as Ya.Kutina, I.K.Tumson, M.A Favoskaya and othars have studied open ore-
concentrating lineaments (0OL) from positions of metaliogeny. Sesicuical, space airborme geologicat and
gecphysical methods for mapping these Lineaments have been dsveioped. The main goal of geochemistry is to
recosnize among numercus systems of faulfs and lineaments tnose whnich can he referred to gre-concentrating
ones.

Geochemical indications of OOL have been formulated in the process of compilation amd analysis of
geochemical maps: a map of the territary of the USSR, 1:10 COL 600 scale, and a map of southern Siberia,
1:1 500 0G0 scalse:

1. Development of geological units with definits geochemical features: metal-tearing volcanics that
fill in Lineaments of graben-, rifi-types otg,, dike belis ard minor intrusions of basic, ultrabasic
rocks, rare-metak granites commonty with an alkali tendency, =tc,

Geachemical features for many sediments are also determinad by endogenic supply of materials by
hydrothermal springs which are located ailcng faults in a depositional basin,  Geochemical
associations of endogenic type are common in such environments.

2. Geochemical asymmetry of geclogical cbjects [intrusive massifs, sedimentogenic and volcanogenic
structures) that is attributable either to inherited gecchemical featuras of host rocks or to an
additional supply of chemical elenents as o result of the activation of faults.

3. A relatively high dispersion of the distribution and break of correlaticn relaticns between chemical
elemgnts (ore and rock-forming) resulting from hydrothermal-metasomatic transformations.

4, The endogenic type of indicator relations of eiements which possess variable migration abilities
in the hypogeresis and hypaergenssis.

Points of intersection for 0L of different orientations, whick are wmost favourable for ore
formation have matched geochemical characteris of intersecting lineaments, zn increase in the humber
of spatially contiguous mineralizat ors of o v of geocchemical

ardd ages and Tn the nue
anomalies, and not infreguently, tre substract: ard arcmalous tow geochemicat tackground.,

Farent Eyps

L ¥

raction of inherited processes and new
abundanti eiements 1n Later epochs.
gt ) inoaray ching zones;
aite forination.
% Corgistent with

The gecchemicail cvolution of
faormation. The Latteér are recognized t; -
siderophile and chalcophile elements o ;
dominantiy Lithophile glements (rars metals and care earth
There is a tendency for a (ithopnite tvue associatiors ta
the directed Lithification of the fartin s crust,

25 Of COmpressIon

g mure dnoortant,

The data obtatned should te cornsidered in interprs
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GEGCHEMICAL PROSPECTING FOR GOLD IN THE BOHEMIAN MASSIF

4. Janatka
Geoindustria, 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.

Almost 70% of the area of the Bohemian Massif was covered by regional pznning prospecting with average
density of 1 sample per sq. km, which detected large gold amomalies both in old known districts and in new
areas. Results of the panning prospecting for gold are enhanced by analysing the -0.15 mm fraction of the
heavy concentrates.

Soil prospecting in areas of favorable geological structure and/or Au anomalies revealed by the pahning
prospecting was used as the most fraguent 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 soil samples {(e. g. in prospecting for gold-scheelite mine-
ralization in high-grade metamorphic complexes of the Moldanubicum).

Gald itself represents the best indicator of mineralization. Gold districts are characterized by back-
ground values of tens of ppb, ore outcrops are indicated by cencentrations up to several ppm. Halos of gold
mineralizaticon 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. W (scheeiite) 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 81 the most useful pathfinders for gold. The spatial
retationship of As and Au anomalies is sometimes not unambiguous (sstratiform mineralizations, e. g.). The suite
of the most frequent pathfinders comprises occasional Ag, Hg, Pb, Sb.
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FISER - WRCOVICE AU, AG DISTRICT: PROBABLE OCCURRENCE OF GOLD-BEARING SHEAR ZONES
IN THE HKOLDANUBICUM OF THE BOHEMIAN MASSIF

J. Jaratka and 7. Yafa
Gecindustria Praha, Komunarde &, 170 04 Praha 7
Czechoslovakia

Target area is situated at the contact of Moldanubian gneiss with granodiorite of the Central
Eobemian rluton. The contact zone exhibits combined intrusive-tectonic character. Geologic structure of the
studied area has been extensively affected by tectonics showing prevailing NW direction. In addition,
numerous pennate structures are present.

Reqicnal paning prospecting detected anomalies of mineralogical gold and scheelite associated with
i concentrations of Ag, As, and Pb in the -80 mesh fraction of heavy concertrates. In the most
tive area, soil and rock sampling, reconpaissance drilling and trenching were performed.

Tre roesults confirmed hitherto unknown gold mineralization with several quartz generations. The
2arly, rather dark guartz forms veins and lenses located in zones of ductile deformation over 10 m thick,
accompanied by extensive hydrothermal alteration and mylonitization. The quartz is characterized by common
presence of fine-grained arsenopyrite pigment and occasional pyrite, marcasite, and chalcopyrite. Late
ratinar Light quariz forms veinlets and veins up te 1 m thick filling mainly the pennate structures. Gold
contents resih Up to 1% g/t. They are accompanied by increased concentrations of Ag, As, Bi, Cu, Pb, and
Sbh. The #ufAg ratic falls into the 1 - 1/10 range.

Regarding the geclogical and geochemical features, goid mineralization of the Pisek ~ Vrcovice
tiuivrtot gahibits 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 MIELESTNO (LOWER SILESIA)

Andrzej Klosiewicz
State Geplogical 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 lemses and quariz taminae schists with big amount of
pyrite contain 0.021 g/t of goid on the average (maximum - 0.043 g/t}. Schists without guartz lenses and
guartz laminae and including small guantity 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
ts the main ore-mineral of quartz-sericite-chlorite schists with graphite. This pyrite often shows organic
textures. Electron microscope investigations have shown that 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 MAIN RESULTE OF THE GEOCHEMICAL EXPLORATION ON GOLD WITHIN THE CENTRALSLOVAC
KECVOLCANIC AREZA

Jura] Endal, Geologiozl SBurvey, si. eub, Spliskd Hovd Ves, Czechoslovakiae

Since tho oidest times, the Centrelsloves neovelcanlc area represente the most im-
portant source of gold at Slovakiz. The nistory of the gold mining hers iz at least 1.000
years old. They are the two best lwown Centralslovec depositm - Bangkd Stiavnica /base
metels bearing velos with geld and sllver content/ and Kremnice /gold bearing quarz velns
with mome silver content/. The gold minipg here has been cemsed in 1970 /Kremnica/, be-
cause of low prices of gold at that tlme. At present, the base metals from Bansks Stimy-
nics ore districd are mined and the small scals surfmce mining of the Sturec gold depo-
8it at Kremnlcae ip prepared.

Since 1965, the geochemilcsl exploration has been cerried out within the whole aresa
/heavy minersl survey, Stream sediments, soll and reck surveys/. As regards of the new
knowledgs about gold mineralization, besides the new information about the traditional
gold bearing velns and cccurrences, the very important information have been obtalned
hersa aboé;the preasuce of the disseminated Au mineralization at sedimentery cerbonate
group of beds of mesozols age, at the marginz of the area, &t viciniiy of the neovolca-
nic formations.

The distinguished snomalies /Hg, Am, Sb, T1/ have been found out here, which indica-
te the probable pressncs 0f (he gold mineralization within the secondary siliciflicated
zones ot the corvbonaite aodimenca /8o called Carlin type -~ localities Hemate ait western
margis of the Krsmrics ore district, Bukovec at northernm psrt of the Benskd Stiewvnice
ore district, Sckolss ot BE payi of the Tribed ore district/.

By mezng of the geoohemicsl prospecting /including of geochemical shsllow bore-ho-
leg/, the primery gold minerelizsilon near surface hes been discovered /occurrence