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Lausanne, BFSH-2, CH-1015, Switzerland

2 Department of Geology, University of Ljubljana,
Askerceva 12, 1000 Ljubljana, Slovenia

The small ToplaZn-Pb deposit (250 tones ore, 4.9% Zn and
1.6% Pb, mined between 1974 and 1988) is located in the
Northern Karavanke mountains, Slovenia (extension of the
Drau Zug, Austria). This deposit forms part of the metallo-
genic province in the Triassic carbonates of the Alps with
several Mississippi Valley-type (MVT) Pb-Zn deposits
(e.0., Bleiberg-Kreuth, Mezica, Raibl). At Toplathree strat-
iform orebodies (Old, Eastern, and Western orebody) with
quite irregular outlines (250 m long, 20 to 50 m wide, 1.5
to 7 m thick) were formed within Anisian intra- and
supratidal micritic to sparitic dolostones. The orebodies had
undergone intense hydrothermal ateration recorded in nine
recrystallization and remobilization stages. Toplais thought
to be different from ‘Alpine type MVT deposits. The
morphological, textural and sulfur isotope data suggest a
syngenetic origin for this deposit. Combined inorganic and
organic geochemical data from the host carbonates,
including mineralized and barren samples help gain a better
understanding of the genesis and alteration of the Topla
deposit. To this effect we chose eighteen samples from the
Western orebody, which shows particularly extensive
preserved sinsedimentary and early diagenetic textures.
The carbonates display a narrow isotopic covariation (1.1
t0 2.8%0 8™°C, -9.1 t0 -3.4%0 PDB &'°0), which is consistent
with prolonged and multiple temperature-dependent alter-
ation of the host carbonates. The uniform REE patterns and
negative chondrite-normalized Eu and Ce anomalies of
barren and mineralized samples, combined with the
increased REE content in mineralized samples (2.5 to
173.2 ppm ZREE), evidence for host rock interaction with
a loca formation fluid. The organic geochemical data
provide further insights into the minerogenetic processes.
The hydrocarbons staining the rock samples (0.11 to 0.41
wt.% TOC) have been chemically characterized by GC/MS
and were subjected to carbon isotope analysis by
GC/C/IRMS. Furthermore, 3"°C was measured on the
extractable organic matter (EOM) and the associated kero-
gens. The extracts from the samples are depleted (up to
5.5%o0) or enriched in *C (up to 1.1%.) compared to the
associated kerogens. This is evidence that the host rocks
were stained by hydrocarbons produced from indigenous
kerogen. The 5°C values of the kerogen range between -
29.4 and -26.2%o, suggesting that a variety of biomass and
reducing conditions existed in the shallow-water deposi-
tiona environment of Anisian age. The small variability in
the 8“C values of the individual n-alkanes (-30.8 to -
26.7%o0) and isoprenoids (-31.1 to -28.7%o) record fraction-
ation during local migration/remobilization of the mobile
hydrocarbons. The organic and inorganic geochemical data,
combined with the morphological and textural characteris-
tics suggest that Toplaisa SEDEX deposit.
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Fluid Properties and Geochemical Patternsin
the SHM 'S Deposits Rosh Pinah and Tsongoari,
Namibia

Christoph Gauert (gauert@geol ogie.uni-halle.de)
IGWUG Halle University, Domstr. 5, D-06108
Halle/Saale, Germany

The Pan-African Kaoko and Gariep Belts of the Damara
Orogen of Namibia, host numerous sediment- to volcanic-
hosted, partly massive sulphide deposits, which have been
formed during basin subsidence. Continental collision and
peak metamorphism took place around 545 Ma (Frimmel
and Frank, 1998). The objects of investigation, the Zn-Pb-
Cu-Ag-Ba and Pb-Zn-Cu-Ba deposits Rosh Pinah and
Tsongoari (TG) respectively, occur marginally to the main
depositional basins. Fluid inclusion data (Gauert et al.,
2000), measured in gangue quartz and sphalerite from the
Rosh Pinah Mine, show overall homogenisation tempera-
tures (T,,) between 160 to 180° C and melting temperatures
at T,,=-1t0-3° C. A second assemblage at Th 290-300° C

with Tm of 9-11° C for clathrate hydrate inclusions has
been measured. Inclusions in dolomite, which have been
trapped by ore, have T;'s of 110° Cand T,, = -1t0 -3° C.
Various generations of diagenetically formed dolomite,
cacite, quartz, apatite and K-feldspar were distinguished
by characteristic luminescence colours. The Tsongoari Pb-
Zn-Cu-Ba deposits, are located 43 km NNW of Sesfontein
in Kaokoland, northwestern Namibia (Henry & Bentley,
1994). The mineralisation is hosted by metasedimentary
rocks of the Ugab Subgroup within the Upper Proterozoic
Damara Sequence which have been metamorphosed to
upper greenschist facies grade. More centrally situated base
metal deposits grading outwards into pronounced Fe-Mn
exhalites and haloes revea a crude lateral zonation. A
vertical zonation of Cu-Pb-Zn-Ba-Mn-Fe reflects cyclic
exhalative activity (Henry & Bentley, 1994). FI'sin gangue
quartz and barite have T,’s between 110 and 170° C with
T, sof -5to 8 C. FI's with positive melting temperatures
imply the presence of gas clathrates. There is also a wide
range in temperatures, however at low salinities. A group of
inclusions in dolomite reveas distinctly elevated T,'s
between 230 to 260° C. However, both ore and alteration
mineral assemblages at TG are diverse. As gangue minerals
quartz, epidote, albite and Ba-bearing akali-feldspar as
well as higher amounts of barite and fluorite, have been
identified mainly along cleavage planes and veins. Only
subordinate amounts of carbonate occur. Whole rock
geochemical data reveal a vertical and lateral zonation
pattern across the gossan of the Tsongoari west to north line
and in the surrounding country rocks supporting Henry &
Bentley's (1994) model of cyclic exhalative activity. The
fluid data so far obtained, indicate F-rich and CO,-poor
fluids as potential mineralisers at Tsongoari compared to
the more CO,-rich ore-forming fluids at Rosh Pinah.
Characteristicaly, the base metal mineralising event also
led to the formation of larger anounts of barite and fluorite.
The temperature of the overprinting metamorphic fluids
however seems to be similar in both places. Also, in each
deposit, the metamorphic overprint makes the identification
of ore forming fluids more complicated.

Frimmel HE & Frank W, Precambrian Research, 90, 1-28,
(1999).

Gauert C, Wolfgramm M & Borg G, GSAf19-conference
abstracts, J. Afr. Earth Sc. Spec. Issue, 30(7), 35, (2000).

Henry G & Bentley PN, Prot. Crust. Metall. Evol. Conf.,
WDH, 27, (1994).
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Microprobe U/Pb and “Ar/*Ar Results

Gilles L evresse (levresse@crpg.cnrs-nancy.fr)?,
Alain Cheilletz (cheille@crpg.cnrs-nancy.fr)?,
Dominique Gasquet (gasquet@crpg.cnrs-nancy.fr)?,
M oulay-Rachid Azizi-Samir

(azizi @managem-ona.com)>?,

Rachid Zyadi (zyadi @managem-ona.com)?,
Aomar Ennaciri (ennaciri@managem-ona.com)?,
Doug Archibald (archibald@geol.queensu.ca)® &
Hassan Ouguir

* CRPG-CNRS, BP 20, Vandoeuvre, France

2 SMI Groupe ONA, Imiter, Maroc

3 Queen’s University, Kingston, Canada

* Universitée de Meknes, Maroc

The Imiter Ag (Hg-Pb-Zn) deposit (eastern Anti-Atlas,
Morocco) is hosted by Neoproterozoic sedimentary (PII)
and volcanic (PII1) series. These series and the mineralisa-
tion are unconformably overlain by a paleozoic sedimen-
tary pile. The genetic model of this major Ag vein-type
deposit (annual production ca. 400 t silver/yr) is actually
highly debated (e.g. Leistel and Qadrouci, 1991; Barodi et
al., 1998; Baroudi et al., 1999). The mineralized vein-
system occupies the 5 km-long EW Imiter fault zone
(Ouguir et a., 1994) in which the Ag (Hg-Pb-Zn) veins
display mainly quartz (stage 1) and dolomite (stage 2)
filling. New structural data demonstrate two tectonic
patterns originating the opening of the two successive
mineralised stages. The first one corresponds to a N150°E-
N180°E extensional regime followed by a second slight
sinistral transcurrent regime along the same EW fault zone
developping a secondary N40°E-N60°E fault system.
Rhyolitic volcanism controlled by the NS extensiona
regime and the NNE-SSW opening appears spatially asso-
ciated with the Ag minerdisation. SIMS (CAMECA(r)
IMS 1270, CRPG, Nancy) U/Pb ages on zircons from the
rhyolitic episode yield concordant ages of eruption at 550
+2 Ma (Takhatert protrusion) and 545 +4 Ma (Tachkakacht
dyke). These ages are consistent with the 557 +9 Ma
“CAr/*Ar plateau age obtained on phyllites from the
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Ag-bearing quartz-carbonate veins allowing precise dating
of the coeval tectonic, eruptive and mineralising event at
the end of Neoproterozoic times. This event postdates the
cac-akaline intrusives emplacement yielding SIMS U/Pb
zircon ages at 572 +5 Ma (Taouzzakt granodiorite). Barren
hydrothermal assemblages (chlorite-phengite-quartz) from
hornfelses related to these earlier intrusives (B3 hill)
display “Ar/*Ar phyllite ages at 567 +8 Ma. In conclusion,
the Ag (Hg-Pb-Zn) Imiter deposit is likely interpreted as a
high-sulfur epithermal system related to normal faulting
and extension

Barodi EB & d., Chron. Rech. Min., 531-532, 77-92, (1998).

Baroudi Z & ., Chron. Rech. Min., 536-537, 91-111, (1999).

Leistedl IM & Qadrouci A, Chron. Rech. Min., 502, 5-22,
(1991).

Ouguir H & a, Bull. Soc. Géol. Fr, 165, 233-248, (1994).
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Geochemistry of Fossil Hydrothermal Vents of
theldrija Mercury Deposit, Slovenia:
Insights from &“C, &0, *S and
Organic Geochemical Data
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Institut de Minéraogie et Géochimie, Université de
Lausanne, BFSH-2, CH-1015

The Idrija mercury deposit in Western Slovenia is associ-
ated with the Middle Triassic aborted rifting and
volcanism. Hydrothermal fluids following subvertical
normal faults produced multiple mineralization stages.
Carbonate, clastic and pyroclastic rocks of Carboniferous
to Ladinian age host the mineralization. Cinnabar is the
main ore mineral accompanied by pyrite, metacinnabar
and native mercury. Eighty-six samples of host and gangue
carbonates were taken along profiles parallel and across
bedding in the Upper Permian dolomite (n=46), Lower
Scythian dolomite (n=19) and other mineralized litholo-
gies (n=21). Samples include host dolomite and fracture
filling white sparry dolomite and calcite. C and O isotope
analyses of these carbonates and S isotope analyses of the
ore sulfides provide important insight into the relationship
between the different generations of mineralization and
associated carbonate ateration. Host carbonates vary
between -1.0 to +5.6%o &*C and -9.7 to +4.8%. &'°0 (PDB
scale), those of fracture filling carbonates between -0.3 to
+4.4%o 3°°C and -11.2 to -4.9%o &'°0. The depletion in **O
(up to 3.0%o) of mineralized samples compared to barren
samples reflects the hydrothermal alteration of the carbon-
ates during mineralization. &*S values for cinnabar (n=25)
range between -0.88 and +9.10%o, for pyrite and marcasite
(n=34) between -15.64 and +18.68%.. Two gypsum
samples from Permian lithology (+12.31 and +16.36%o) lie
in the range of Permian marine sulfates. The broad range
and multiple-modal distribution of the 3*S values of the
ore sulfides point to at least two different sulfur sources
(magmatic, marine). The Rock Eval parameters of the host
rocks (0.11 to 1.42 wt.% TOC), indicate that the organic
matter associated with the mineralization is post-mature
(S, ~ 0.03wt.%, S, ~ 0.41 wt.%). Results of a preliminary
geochemical study of the polycyclic aromatic hydrocar-
bons (PAH) mineral (idrialite) and bitumen associated
with ore samples indicate that Idrija host rocks are stained
by hydrothermal petroleum of typical high temperature
PAH assemblages. The uniform 8™C values of the indi-
vidual PAHs suggest a common source, and re-equilibra-
tion at elevated temperature. Ongoing detailed
investigation of the host carbonates and associated
hydrothermal petroleum from barren and mineralized
samples, combining inorganic and organic geochemical
analyses, will give further insights into the ore fluid
sources, the fluid pathway, ore precipitation and remobi-
lization at Idrija.
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Enargite Crystallization in the Massive
Sulphide Ores: A Case Study from the Major
Chelopech High-Sulphidation Cu-Au Deposit,
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Volker Liiders?, Istvan Dodony?®,

Nikolay B. Piperov* & Colin J. Andrew®

* Geological Ingtitute, Bulgarian Acad. Sci., Sofia,
Bulgaria

2 GeoForschungsZentrum, Potsdam, Germany
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° Navan Resources, Navan, Ireland

Enargite (+ luzonite) isaprincipal mineral in the Cu-Auore
deposits of the high- sulphidation type. It is very important
both economically, asasignificant carrier of Cu, and genet-
icaly, as indicator of highly oxidation environment.
However, in the massive sulphide ore bodies its specific
crystallization mechanism and relationships with the other
minerals are not always clear enough. Enargite is asubstan-
tial ore component also in the major Chelopech high-
sulphidation Cu-Au deposit from the Srednogorie zone of
the Alpine-Carpathian-Balkan metallogenic belt. The fine-
grained, mineralogicaly complex Chelopech ores comprise
pyrite, chalcopyrite, tennantite, enargite, luzonite, bornite,
gold, and numerous subordinate sulphide, telluride, and
sulphosalt ore minerals. Chalcedonic quartz, barite,
sericite, dickite, etc. are the main gangue minerals.

Enargite, nearly stoichiometric in composition, occurs as
crystal grains and aso as unique radiate or parallel
columnar aggregates, overgrowing clasts of early colloform
pyrite, and included in dense pyrite-quartz mass. The pris-
matic, c-elongated enargite crystals, up to 12 cm long, have
been undoubtedly formed by free crystallization in open
vugs of intensively fractured zones. The high-resolution
TEM study revealed some structural disorder in the layer
sequences of enargite. The aperiodically distributed (001)
stacking faults with variable density, are considered as
growth defects. Enargite contains numerous two-phase
fluid inclusions. SEM studies on cleaved surfaces, and IR
microscopy in thin platelets, show that inclusions represent
{110} +{001} shaped prismatic, platy or irregular negative
crystals, usually 1-20 pm in size. Inclusion fluids are char-
acterised by low Th (90-130°C, mean 118°C) and low
salinity (~ 4 equiv.% NaCl). Since enargite, as high-temper-
ature Cu,AsS,, is stable above 280-300°C, its direct crys-
tallization is indicative for such T conditions, and the most
fluid inclusions are of secondary origin. The masspectro-
metric analyses of the volatile molecular species, released
by heating and decrepitation of enargite, established mostly
CO, and H,O. The K/Na, Ca/Na and Mg/Na ratios in the
fluid, as determined through bulk crush/leach AAS tech-
nique, are 0.07, 0.016 and 0.06, respectively.

Fine-grained luzonite surrounds the large enargite crystals
and often replaces them. It is suggested that this transfor-
mation is a result of increased P during the intensive later
tectonic deformations.

Thus, the open space filling plays an important role during
the formation of massive sulphide ore bodies, considered
usually to be of metasomatic origin.
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Detailed field mapping, petrography and geochemical
analyses have been used to document the two major areas
of emerald deposits in Madagascar, Mananjary (eastern
coast) and lanapera (Tulear province). Two distinct models
are proposed, the Mananjary mineralisation being related to
pegmatites which are not observed in the lanapera deposit.
The Mananjary deposits are hosted by the archean
Ampasary group. The emerald mineralisation occurs within
phlogopitite developed at the contact between pegmatite
and basic/ultrabasic rocks. The Mananjary district is
divided into a north zone (NZ) (Ambodibakoly,
Mourarano, Ambodivandrika, Ankeba, Tsaravolo pits)
characterised by reactions zones at the contact with serpen-
tinite; and a south zone (SZ) (Morafeno, Ambodibonary,
Ambatomameno pits ) where pegmatites intrude highly
folded and boudinaged amphibolites. In NZ, dextral
shearing is synchronous with the injection of pegmatitic
dykes and metasomatic reactions bands. These are
composed in both zones of distinct mineralogica assem-
blages: tremolite/silicic edenite-phlogopite with Mn
dendrite-emeral d-spessartite-An60 to 100 plagioclase-
quartzin NZ and hornblendes-chl orite-phlogopite-emeral d-
An90 to 100 plagioclase-cacite-quartz in SZ. In this area,
later magmatic events associated with molybdenite,
wolframite, pyrite display secondary chloritisation of the
emerald-bearing metasomatic paragenesis. §'°0 on emerald
yield values of 7.6x0.1 per mil (Ambodibakoly),
8.4+0.1 per mil (Mourarano) and 8.7 to 9.2+0.1 per mil
(Ambodibonary). The lanapera deposit is hosted by the
Vohibory Precambrian volcano-sedimentary sequence. The
mineralisation islocated on anisoclinal fold flank related to
the D2 phase of the NS Ampanihy major shear zone. The
emerald mineralisation occurs in reaction zones devel oped
within lenses of serpentinites and amphibolites without
pegmatitic bodies. The metasomatic bands are composed
by balls-like talc (soapstones) included within tremolite-
chlorite (talc-chlorite to pychnochlorite) lenses.
Phlogopite-(rare tourmaline)-quartz-emerald veins are
randomly scattered within these lenses. Secondary chlorite
may be associated with a late stage of deformation as indi-
cated by folded quartz. 3°0 on lanapera emerald yields
11.8+0.1 per mil and "B on tourmaline give values of -
8.1 per mil. ““Ar/**Ar data on phlogopitite indicate ages of
490+8 Ma for Mananjary and 493+5 Ma age for lanapera
relating the Madagascar emerald deposits to the same Pan-
African tectono-metamorphic event. Mananjary is clearly
linked to pegmatite-basic/ultrabasic reactions zones asin a
majority of emerald deposits in the world, whereas
geochemical and structural characteristics of lanapera ties
it with metamorphic fluids circulations resulting from the
intense granulitisation and devolatilisation of the lower
crust during the D2 shearing event dated at 530-500 Ma
(Martelat et al., 2000).

Martelat et al, Precambrian Research, 102, 1-20, (2000).
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In September, 1998, one of the authors (WW) discovered
emeralds on the Goal Net property in the Finlayson Lake
district of southeastern Yukon. In less than two hours he
collected one kilogram of emeralds from float and outcrop.
By late August of the following year numerous emerald-
bearing float trains and six main source regions had been
discovered in a 900 by 400 m area. Washing and hand
sorting of approximately 6 m* of material yielded more
than 6 kg of emerald.

The Goa Net property is located in the Yukon Tanana
Terrane, which is composed of Paleozoic metasedimentary
and metavolcanic rocks. The emeralds occur where quartz
veins cut micarrich layersin achlorite-mica schist. At least
eight such veins have been found. In most cases the quartz
veins are surrounded by a zone of yellow sulfate mineral-
ization and a much more extensive, overlapping mass of
fine tourmaline crystals which locally contains minor
amounts of scheelite. The emeralds occur in both the
sulfate and tourmaline zones and (rarely) in the quartz
veins. The quartz veins seem to be genetically linked to a
large granitoid pluton east of the emerald mineralization.
The pluton is zoned; the outcrop closest to the emerald
showing is muscovite granite that grades to a two-mica
granite. A U-Pb age determination of ca. 112 Ma has been
reported for this pluton.

The emeralds range in size from fractions of amm to 4 cm
in length. Some of the smaller crystals, and sections of
larger crystals, are gem-quality, with excellent clarity and
colour. Electron microprobe analysis of 25 crystals shows
an average Cr concentration of 3208 ppm (maximum
7816 ppm). The mean and maximum V concentrations are
171 and 333 ppm, respectively. The Fe content is variable
between relatively narrow limits (0.02 to 0.05 atoms per
formula unit).

Investigation of polished mounts revealed an abundance of
fluid and solid inclusions. Solid inclusions include calcite,
chalcopyrite, molybdenite, phlogopite, pyrite, quartz,
scheelite, tourmaline and zircon.

Electron microprobe analyses of tourmaline from the
Crown deposit show compositions ranging from schorl to
uvite. The presence of tourmaline may be a key to under-
standing why we do not see high Fe concentrations in the
beryls (which would diminish the emerald green colour);
under high B activity, tourmaline acts as a sink for Fe, Mg
and Mn.

Additional work, including a fluid inclusion study and an
O- and H-isotope study of the emeralds, is underway.
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The Panjshir emerald deposits are a source of high quality
gems(Bowersox et al., 1991) that, in the future, may make
this country one of the world's main producers. New field
and geochemical data show that their genesis bears a close
resemblance to that of the Colombian emerald deposits,
formerly thought to be exceptional and unique (Cheilletz et
al., 1996). Three different zones, of widespread emerald
mineralised layers, are located in the Khendj and adjacent
valleys (SE side of Panjshir), the Tawach area (NW side of
Panjshir) and Badel in the Kunar Province. The Tawach
deposit is related to the intrusion of tourmaline-bearing
leucogranite into serpentinite bodies, producing weakly
developed classic phlogopite reaction bands containing
emerald. The temperature of formation was estimated at
550'C based on muscovite-phengite thermometry. The
Khendj deposits are different, being hosted by metamor-
phic schists and plutonic rocks that have been subjected to
an intense hydrothermal alteration. The atered zones are
irregularly scattered along a fracture network and charac-
terised by the development of albite, muscovite, biotite,
tourmaline and pyrite. The estimated temperature of forma-
tion is between 220°C and 350°C( Giuliani et al. 1997).
Crush-leach analysis and microthermometry of fluid inclu-
sions in emeralds show the fluids to be highly saline (Cl =
203500 ppm, Na = 73300 ppm, K= 19300 ppm). Moreover
the 3*'Cl (-0.32 per mil) and Br/Cl values (4.64.10“) indi-
cate that the high salinity was due to halite dissolution. 5B
values, from ion-microprobe analysis of tourmaline, are
between -3.3 and +5.3 per mil, similar to those from the
Sdlton Sea, which are interpreted to arise from a non-
marine evaporite source. &S values, between +11 and
+13 per mil, indicate an evaporite source of sulphate and
are within the range of values reported for pyrite, 5*S
between +10.8 and +21.2 per mil, from the Colombian
emerald deposits (Giuliani et a., 1995). Analysis of emer-
alds, by infrared spectroscopy and SEM, indicate the pres-
ence of natural organic compounds and graphite inclusions
that are linked with thermochemical reduction of sulphate
by organic matter. The SE Panjshir emerald deposits, like
those in Colombia, are linked with hydrothermal fluids that
derived their high salinity from leaching of evaporitic
sequences. In the Panjshir deposits, the introduction of
hydrothermal fluids, within the medium grade wall-rocks
series, was probably the result of tectonism that preceded
uplift during the Himalayan orogeny.

Bowersox et a, Gems and Gemology, Spring, 26-39, (1991).

Cheilletz et &, Mineralium Deposita, 31, 359-364, (1996).

Giuliani et &, International Geology Review, 39, 400-424,
(1997).

Giuliani et a, Europeean Journal of Mineralogy, 7, 151-165,
(1995).

0OS06 : TUpm35: G5
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Introduction:

The Kandemwa emerald deposit is located about 25 km to
the south-west of the village of Odzi in the eastern part of
Zimbabwe. The Kandemwa area is a hill-shaped areain the
southern extension of Odzi-Mutare Greenstone Belt. The
general geology of the study area is composed of
Shamvaian granitoids and pegmatites of the Wdeza- and
Chilimanzi Suite (2.65-2.57 Ga). The fault bounded
emerald bearing pegmatite is located in a greenstone lenses
(size 500x200 m) which is intruded in Wdeza Suite

Gneisses. The pegmatite contains a central zone of feldspar
and a quartz- feldspar paragenesis. The marginal zone
of pegmatite consists of massive mica which is between
30-70 cm wide. The emerald (Be;Al,(SiO;)s) occurs along
the contact zone between the mica zone and the feldspar
zone.

Emeralds deposits

There are three types of formation of emeralds. 1. Intrusion
of emerald bearing pegmatitic fluids in metasediments or
metavolcanics with the growth of emeralds during a meta-
somatism in the contact zone (Grundmann and Morteani,
1989) (e.g. Habachtal, Austria). 2. Carbonatisation of
serpentinized ultramafic protoliths in quartz-carbonate
rocks (Arif, Fallick and Moon, 1996) (e.g. Pakistan).
3. Intrusion of emerald bearing pegmatitic fluids in chlo-
rite-tremolite-magnetite schists with a biotite-phlogopite
contact zone (Emerald Mine Investment Group, 1998)
(e.g. Sambia).

Methods

Results from field work and from investigations by several
analytical methods have led to the following results:
Cathodoluminescence: several zoned emeralds and afeniti-
sation of feldspars during an alkaline metasomatism, SEM:
diopside-olivine ultramafite with clouds of chromite,
sodium dominated feldspars, Fluid inclusion studies:
sodium-calcium dominated fluid system with temperatures
of 200-300°C of quartz and emeralds, temperature
increasing during emerald growing, Thin section: unstable
pressure conditions as derived from deformation textures,
temperatures of 300-550°C as derived from secondary
alteration assemblages.

Discussion & Conclusions

The principles of emerald formation are similar in most
types of deposits. It necessitates a chromium and beryllium
source and the interaction between both. Difference
between the formation type lies in the composition of the
interacting rocks. The occurrence of pegmatite fluids
implies that the Kandemwa emerald deposit is of the third
type of known deposits. On basis of the data gained so far,
the following genetic model is suggested: Granitoid magma
intruded in local country rocks including an ultramafic
xenolith. Pegmatitic fluids migrated along faults through
the ultramafic body. Temperature and pressure increased
through serpentinization of ultramafics. Contact metamor-
phism and alkaline metasomatism of immediate wallrocks
followed. Source of beryllium are pegmatitic fluids, source
of chromium are olivine in ultramafic rocks. Subsequently
Be-bearing fluids entered the system and crystallized in the
contact zone between the ultramafic rocks and the
pegmatite. For further works, it would be interesting to
check the surrounding ultramafic lenses for emerald occur-
rences.
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Several of the world's uranium deposits are granite-rel ated,
eg. Rossing in Namibia; Aue-Oberschlema in Germany;
Huango in China. The common features of all deposits are
relations to the S-type granites, and long interval elapsed
between granite intrusion and final forming of the ore. The
source of uranium is traced in the metasedimentary
protoliths of the fertile granite.

The source of U in the Rozna uranium deposit is traced in
the neighboring Moldanubian biotite-bearing paragneisses
as well. Uranium and Th contents in these gneisses vary
between 3 - 12 ppm, and 7 and 12 ppm respectively.
Nevertheless, granites are rare in the close vicinity of the
mined area, and the mineralization occursin veins, tectonic
zones or metasomatic bodies located mainly in the
gneisses. The granites found in the Rozna deposit are
garnet bearing, and very felsic. The internal fabrics of the
feldspars indicate their crystalization from a melt. The
granites were located in two different structural positions.
They form (1) concordant layers in the paragneisses and
amphibolites (several-meter-thick). The zones of
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migmatites are often developed at the contact between
gneiss and granite. The breakdown of the primary biotite
accompanied by formation of the granitic melt and restitic
garnet was observed in the vicinity of the granite layer.
Some granite (2) have a true intrusion character. They
exhibit discordant, sharp contacts to the host paragneisses,
the zone with migmatites is not developed. The intrusive
granitesindicate that the granitic melt generating during the
dehydratation melting of biotite-bearing gneisses was sepa-
rated from garnet-rich restite. The uranium content in the
both types is highly variable (3 - 37 ppm), Th is moderate
(3 - 17 ppm). The granites are strongly depleted in Al, Fe,
Mg, Ca, Ti, P, c, Co, Cs, Hf, Nb, Sr, Ta, V, Zr, H,O and
light REE, but enriched in Si, K, Rb and heavy REE,
chiefly Er, Tm, Yb, and Lu if compared with parental
gneisses. The amphibolites intercalations were not affected
by the melting processes. The observed melting in the
biotite-bearing lithologies with restitic garnet but unaf-
fected associated amphibolites allow us to estimate the p,t
conditions of the granite generation such as p > 4 kba and
T <850°C. The geochemical data indicate the high mobility
of U in the partiadl melting processes of the biotite bearing
rocks and corroborate therelation of these processes in the
formation of the Rozna deposit.
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The Vredefort Impact Event and Distribution of
Gold in the Central Rand Group of the
Witwater srand Basin, South Africa
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Department of Earth Sciences, University of Manchester,
Oxford Road, Manchester, M13 9PL, UK

The Witwatersrand gold deposit of South Africa is the
largest known accumulation of gold ever to have formed on
Earth. The gold is confined to certain conglomerate unitsin
a series of Archaen adluvial fans and braid-plain deposits
which formed within the Witwatersrand Basin between
2910 and 2700 Ma. This siliclastic-dominated sequence,
the Central Rand Group (CRG), has experienced repeated
episodes of regional metamorphism through burial by over-
lying extrusive and sedimentary sequences, the intrusion of
the Bushveld Igneous Complex and finally, a bolide impact
now preserved as the deeply-eroded Vredefort Impact
Structure (V1S). Geochronological studies have established
dates and causes of these metamorphic events, but the
affect that each event had on gold distribution is not known.
Despite over a century of exploitation and study, the origin
of the gold remains controversial.

The new data presented here represents initial results from
a basin-wide study which aims to establish which of the
regional metamorphic events may have contributed to the
current distribution of gold. Optical and cathodolumines-
cence (CL) petrography and mineral chemical analysis by
electron probe microanalysis (EPMA) have been applied to
samples from auriferous units of the Evander, West Wits,
Welkom goldfields and a new prospect in the Vredefort
Collar.

Local events, and others whose effects are visible
throughout the CRG are identifiable in the goldfields. Most
striking of the regional events is brittle deformation of
sulphides, chromite (sometimes also zircon and chloritoid)
which occurs throughout the preserved geographic and
stratigraphic extent of the CRG. Pyrite (both detrital and
hydrothermal), arsenopyrite and chromite are shattered into
irregular fragments. Close to the VIS, detrital zircons are
shattered or pulverised. The only known event capable of
causing this shock deformation throughout the CRG is the
Vredefort Impact of 2025 Ma.

Many associations of gold have been reported from the
Witwatersrand Basin. Evidence for polyphase mobilisation
of gold within the basin argues strongly against late intro-
duction of gold into the basin by hydrothermal fluids. In all
goldfields sampled, gold is present between the shattered
fragments of sulphide and, less frequently, silicate grains.
This Indicates that a major episode of gold remobilisation
and redeposition occurred during metamorphism and fluid
movement which followed the Vredefort impact. CL has
demonstrated the presence of widespread fracturing in
quartz clastsin conglomerates and quartzite units. Therela-
tive timing of this deformation is currently being investi-
gated, and is of importance since much of the fracturing is
at high angle to bedding and may have facilitated signifi-
cant fluid transport across stratigraphic boundaries.
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Phosphate mineras are common in northern and central
Portuguese granitic rocks. They occur in granites, aplites,
granitic pegmatites and associated quartz veins from five
selected Portuguese localities (Neiva et a., 2000). The
granitic rocks are of S-type and Hercynian in age.

Triphylite is the only primary phosphate known from
only two localities with quite different values of Fe/Mn
(1.90£0.09 and 13.16 +0.82). At Paredes da Beira, it occurs
in a muscovite granite, while at Vidago it was found in
aplite veins. Inferences concerning temperatures of forma-
tion are not feasible, as the different degrees of Fe-Mn frac-
tionation could be rooted in the bulk chemistry of the parent
rocks. Triphylite is atered to strengite in the muscovite
granite at Paredes da Beira, and to manganoan vivianite,
blue ludlamite, phosphoferrite and mitridatite in aplite
veins at Vidago.

Triphylite is rimmed by manganoan vivianite, which is
pleochroic from blue to brownish. The structural identity
with vivianite was confirmed by X-ray diffraction study. It
must have lost apart of itswater content during the electron
microprobe analyses.

Other triphylite crystals are rimmed by blue ludlamite.
Phosphoferrite occursinirregular crystals and has asimilar
value of the Fe/(Fe+Mn+Mg) ratio to that of blue ludlamite.
Green ludlamite lacking direct relationship to triphylite has
lower Mg, Mg+Mn and higher Fe/Mn, Fe/Mg and
Fe/(Fe+tMn+Mg) than blue ludlamite.

Childrenite, eosphorite and intermediate compositions in
this solid-solution series occur in muscovite granites at
Paredes da Beira and Penamacor-Monsanto, muscovite-
biotite granites at Penamacor-Monsanto and in aplite veins
at Vidago. The compositions of childrenite and eosphorite
are similar in each of these locaties. At Vidago, eosphorite
islocally rimmed by brushite. Perloffite was also found at
Vidago. Gormanite occurs in amuscovite granite at Segura.
The absence of any potentia primary phase at Penamacor-
Monsanto and Segura avoids to find out the conditions of
formation of these secondary phosphates.

Oxidation of arsenopyrite and galena were essential for the
formation of mimetite with As/Pratio of 1.04 and a kintor-
eite-like phase which occur in quartz veins at Segura, but
the source of phosphorus is unknown.

Montebrasite and natromontebrasite were found in Li-
aplite-pegmatite veins from Gongalo and Segura. Therange
of composition at Gongalo islarger than at Segura. Thereis
acomplete solid solution between these primary montebra-
site and natromontebrasite.

NelvaAMR, Silva MMVG, Antunes IMHR & Ramos JMF,
J.Czech Geol.Soc,, 4, 1-9, (2000).
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Bamsar tungsten-tin occurrence is located 45 km southwest
of Shazand, central Iran in Sanandaj-Sirjan Zone. Paleozoic
and Triassic volcano-sedimentary rocks and Upper
Triassic-Jurassic detrital-chemical and volcanic units
outcrop in the region. Upper Triassic-Jurassic rocks consist
of phyllites, micaschists, quartzites, metamorphosed cherty
limestones and metamorphic acidic and basic tuffs. The
intrusives in the region have granitic and granodioritic
compositions which have caused metamorphic haloes in
the Upper Triassic-Jurassic units.

Six ore-bearing skarn horizons have been identified in the
area. Country rocks at Bamsar are mainly calcareous acti-
nolite-tremolite-diopside-quartz schists (meta volcano-
sedimentary) in which ore minerals occur in fine-grained
laminas (metamorphosed acidic tuffs) and coarse-grained
garnet-bearing diagenetic veins and layers.

The geometry of ore body is layered (stratiform) and vein-
type (cross-cutting). The veins formed within the lenses
congruent with layering (stratabound). In the fine-grained
laminas and coarse-grained garnet-bearing layers, ore is
laminar and disseminated, respectively. Ore paragenesis is
similar in both coarse-grained garnet-bearing layers and
veins. It includes scheelite, chalcopyrite, arsenopyrite,
sphalerite, pyrite, cassiterite, chalcocite and covellite. The
gangue minerals are quartz, calcite, garnet, diopside, acti-
nolite and clinozoisite. The ore paragenesis in laminas
includes arsenopyrite, pyrite, cassiterite, chalcopyrite and
sphalerite. The gangue minerals are quartz, tremolite,
sphene and chlorite. Ore minerals in garnet-bearing veins
are coarser than those in garnet-bearing layers and laminas.

Bamsar ore-bearing samples have identical chondrite-
normalized REE patterns when compared with those of the
metamorphic rocks in the region. Following the findings of
(Ghaderi et al., 1999) on scheelites from Western
Australian gold deposits, Bamsar scheelites exhibit deriva-
tion from a reduced fluid with moderate Na activity. Fluid
inclusion studies reveal that only one fluid was responsible
for the mineralization, with a temperature of homogeniza-
tion at 350-400°C and salinity of 12-20 wt.% NaCl equiva-
lent.

On the basis of geological, textural, mineralogical,
geochemical and fluid inclusion studies, it is suggested that
Bamsar tungsten-tin occurrence is sedimentary-diagenetic
in origin, subsequent concentration happening through Late
Kimmerian regional metamorphism and deformation.

Ghaderi M, Pdin JM, Campbell IH & Sylvester PJ, Econ.
Geol., 94, 423-437, (1999).
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Istanbul, 34000, Turkey

The Kizildag Ophiolites belonging to the Refahiye
Ophiolitic Melange are generaly consist of wherlite of tran-
sition zone, gabbros of mafic cumulate sequence and
pyroxene gabbros, hornblende gabbros, microgabro intru-
tions, meta basalts and spilitic basalts. The ophiolitic
complex is cut by Neogene magmatics, represented by
apliteveins, granite, quartz monzonite and diorite aswell as
wolcanic products such as andezite and basalt. Ni enrich-
ment, up to 4630 ppm took place within the ophiolite
bodies. Ore microscopy studies have reveaed that the
source of Ni is linneit, bravogite, gersdorfite, millerite,
heazlewoodite and pentlandite minerals. This study reveals
that Ni occuring at 0.2 to 0.3% in primary ultramafic rocks
show enrichments up to 0.46%. It is belived here that, by
investigating more detailed and direct methods, economical
nickel deposits may be found. The ultramafic rocks in the
investigation area shows differencies about Pt group
elements. Os and Ru shows enrichment, Ir, Rh and Pt
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shows depletion, Pd shows both effects but with few
changes. Au, which treat geochemicaly with Pt group
elements, shows generaly enrichment with few amounts.

KEYWORDS: Sivas - Kizildag Ophiolites, Ni - PGE - Au
Geochemistry

Brugmann GE,Arndt NT, Hoffmann AW& Tobschall
HJ,1987, Geochim.Cosmochim Acta, 51, 2159-2169

Clark AMS, 1978, Mineralum Deposita, 13/2, 221-234

Clark AL, Greenwood WR, 1972, U. S Geological Survay,
Pr.P.800, C21-C27

Coleman RG, 1977, Minerals and Rocks, 12

Coleman RG, Keith TE, 1971, Journal of Petrology, 12, 331-
328

Moores EM, 1973, Earth Science Rev, 241-258

0S06 : WEam03 : G5
Deep Exhumation and Tectonic Emplacement of
the Nishni Tagil Ultramafic Complex and its
Platinum Ores, Urals, Russia

Gregor Borg (borg@geol ogie.uni-halle.de),

Thomas J. Degen (degen@geol ogie.uni-halle.de),

Machmuth Tarkian? Vladimir Shmelev® &

Elena Anikina*

1 IGWUG, Halle-University, Domstr. 5, D-06108 Halle,
Germany

2 Department of Mineralogy, University Hamburg,
Germany

3 Russian Academy of Sciences, Urals branch,
Ekaterinburg, Russia

The emplacement of the zoned ultramafic complexes of the
Palaeozoic Uralide Orogen has been the subject of scien-
tific debate for along time. The lensoid complexes occur as
an intermittent N-S chain within the Middle and Northern
Uras. Economically significant platinum ore bodies and
sub-economic mineralisation are associated with this ultra-
mafic ‘Pt-bearing belt’ of the Urals. The belt is hosted by
the Tagil-Magnitogorsk zone, comprising predominantly
mafic and intermediate igneous rocks, formed in an island
arc setting. Virtually all ultramafic complexes are situated
immediately east of the Main Uralian Fault zone and thus
structurally above the suture zone between the East-
European and West-Siberian plates. Os-isotope studies of
both ultramafic (dunitic) rocks and isoferroplatinum-
rutheniridosmine aggregates, occurring interstitial to cumu-
late dunites and chromitites revealed clear mantle
signatures. Enrichment of LILE in some of the associated
mafic and ultramafic rocks document, that wet partial
melting has probably occurred above a dehydrating
subducted plate. Thus the (zoned) ultramafic cumulates
(fractionated crystallisation of rutheniridosmine, chromite,
isoferroplatinum, olivine, and clinopyroxene) have formed
relatively deep within a mantle wedge. The isoferroplat-
inum aggregates contain inclusions of chromite and several
hydrosilicates, predominantly amphiboles, that have prob-
ably replaced primary non-hydrous silicates. Both micro-
probe and microdiffractometry (GADDS) analyses have
identified the amphiboles in one Pt-nugget as cumming-
tonite and gedrite (high- to medium T), glaucophane (high-
p, low-T), and winchite and actinolite (low-p, low-T).
These minerals probably document the p-T path of deep
exhumation of the cumulate body. The rocks of the ultra-
mafic body generally show intensive serpentinisation, both
on surface and in deep bore holes. This is likely to have
resulted from fluids ascending from the dehydrating under-
lying subducted slab. Initial uplift was probably diapiric,
due to buoyancy, and subsequently tectonic from the trans-
pressional stress of the colliding plates. The ultramafic
body lacks any significant contact metamorphic aureole
and the contact to the surrounding country rocks is a
markedly sheared to mylonitic, and thus relative ‘cold’,
tectonic one. Wrap-around textures, foliations and
lineations of the western and eastern contacts document
pronounced oblique-slip (45°) reverse shearing with a
sinistral sense of movement. This sense of movement isin
agreement with the clock-wise rotational collision of the
Siberian with the European plate. The ascent of the Nishni
Tagil ultramafic body and its Pt-ores contained therein,
comprised an early, diapiric, fractional crystallisation stage,
abuoyant, hydrated (serpentinised) cumulate stage, a deep
collisional stage - up-thrusted through a blue schist
(subduction) regime - and finally a low-(retro)grade meta-
morphic, sinistral transpressional stage. The latter resulted
in the tectonic emplacement within the present country
rocks, prior to regional isostatic uplift and erosion to the
present level.
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Numerous enclaves of dunites and peridotites are found in
the ~3.7 Ga Amitsoq gneisses of West Greenland together
with supracrustal enclaves such as the Isua Greenstone
Belt. The ultrabasic enclaves range in size from a few tens
of square metres to a few kilometres long and a few
hundred metres wide (Chadwick and Crew, 1986). The
ultrabasic rocks consist mainly of olivine with lesser
amounts of pyroxene. Chromite has only been found at one
location

The investigated chromite is from an ultrabasic intrusion
some 45 m thick. Dunites are seen at the base and dunite-
amphibole harzburgite units at the top. Narrow anorthositic
bands ca 30 cm wide are present in the harzburgite units. In
the lower dunites chromite occurs in two forms. Firstly, as
massive pod like bodies a few metres thick and a few tens
of metres long. Secondly, as thin bands grading into
disseminated chromitites traceable for tens of metres.
Chromitesfurther up intheintrusion, in the dunite-harzbur-
gite units, occur as disseminated grains.

The massive chromitites show in some cases enrichment in
FeO and Fe,0, and depletion in Al,O, and MgO from core
to rim (Chadwick and Crewe, 1986) but mostly they are
homogenous in composition but with inclusions of
sulphides, silicates and rare earth element phosphates. The
chromites from the thin bands in the dunite are homoge-
nous although some local variations in the Cr/Fe ratio may
occur. The Fe-content is higher than in the massive chromi-
tites. The same type of inclusions as in the massive ones
have been observed.

Most of the disseminated chromites from the dunite-
harzburgite units show a complex structure with various
types of exsolutions and replacements. The primary
chromite was an Fe-rich phase with low Al and Mg
contents. This chromite has a fine network of exsolved Cr-
rich chromite and larger exsolution lamellae of a Ti-rich
phase, possibly ilmenite. Both types of exsolutions are
related to the crystal planes of the chromite. The Fe-rich
chromite was subsequently replaced by a Cr-Al-rich
chromite.

The compositional variations in the chromites have been
investigated and compared with earlier investigations of the
relation between chromite chemistry and the tectonic
setting of Archaean ultramafic rocks (Rollinson, 1995).
From this it is suggested that the massive chromitites and
the chromites in the dunite are related through an evolution
of a komatiitic magma. The Cr-Al-rich chromites, which
replace the Fe-rich chromites, have compositions typical of
those found in association with anorthosite magmas.

Chadwick B & Crew MA, Economic Geology, 81, 184-191,
(1986).

Rollinson HR, Sub-Saharan Economic Geology, Balkema
Press, 7-23, (1995).
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The study areais located to the north of the Divrigi region
of the Sivas province (Central Anatolia Turkey). There are
severa iron ore deposits of different type. Some of them are
still working. Main geological units of the area cons ist of
the following units, 1-the Lower Jurassic recyristalyzed
limestones, 2-an ophiailitic sequence composed of serpen-
tinite, pyroxenite, diabase, and listweanite that obducted in
Upper Cretaceous time, and 3- magmatic rocks that
intruded the limestones and the ophiolite in Campanian-
Maestrichtian time. The scope of this study isto understand
better proces of formation of contact metamorphism/meta-

somatism at the contact of ultrabasic rocks with akaine
intrusions. In the Divrigi area contact metasomatic iron ore
deposit was formed within the serpentinized ultrabasic
rocks as a result of complex contact metamorphic/metaso-
matic reactions at the contact of amonzonitic-syenitic alka-
line intrusion. The serpentinized ultrabasic rocks played an
important role as a country rock during contact metamor-
phism/metasomatism related to intrusion emplacement.
Some authors called such deposits as ‘ skarn deposits’ sensu
lato. Trommsdorf and Evans (1974), Sanford (1982),
Barton (1991), Tracy and Frost (1991) were studied contact
metamorphism and aureole systematics of ultrabasic rocks.
Contact metamorphic/metasomatic reactions in Divrigi
wererather complex, including alkaline metasomatisim and
late hydrothermal alterations of serpentinized ultramafic
rocks. Contact metamorphic/metasomatic transformations
were developed both in the intrusives and the country
rocks. The contact metamorphic zones were well developed
in the serpentinized ultramafic rocks, nearby the
monzonitic intrusives. The ilmenite exsolution lamels
within magnetite evidence of mineralization developed by
high temperature hydrothermal fluids. Metasomatic reac-
tionsthat are responsible from formation of mineralization,
also caused redistribution of akaline and trace elements
within the contact metamorphic zone. The redistribution of
trace elements through contact zone also identified by
correlation matrix diagrams. Effect of potasic metasoma-
tisim was observed in serpentinitic rocks while endoskarn
zones of monzonitic intrusive undergone sodic metasoma-
tisim. Isochemical mineralogical transformations formed
during contact metamorphism can be observed at broad
zones especialy at the contact zone between the serpenti-
nite and monzonitic intrusive. Contact metamorphism was
a continuos process, gradually changing with time. The
contact metamorphic mineral assemblages show close
evidence of retrograde reactions. Influence of magmatic
fluids that was responsible from contact metasomatic ore,
continued till the lover temperature limit of hydrothermal
period. Maghemite and martite developed as aresult of this
alteration. Martitization of primary ore implies chemical
character of hydrothermal fluids by time. Therefore vari-
able mineral assemblages occurred in different phases of
contact metamorphic/metasomatic processes.
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Extra-large Pt-Cu-Ni sulphide deposits located in the
Noril’sk district are well-known. However recently a new
type of ores - low-sulphide Pt mineralization in the upper
zone of the massifes was discovered. This is an importent
resource of PGE in Russia. We present new data concerning
mineralogy and distribution of PGE in these horizons.
There are two modes of platinum metals' occurrencesin the
ores: they form their own phases (29 minerals) and were
found as solid solution in sulphides (Pt - 1% , Pd - 5% of
PGE total concentration). The most common Pt minerals
are Fe-Pt aloys, Pt and Pd sulphides and intermetallic
compounds. Fe-Pt aloys are represented by isoferroplat-
inum, tetraferroplatinum, tulameenite and Pt,Fe. Pt and Pd
sulphides are cooperite, braggite, vysotskite, sulphide of
Pt,Pb,Cu,Ni. They are offen intergrow with Fe-Pt aloys.
Sperrylite is widespread mineral in Talnakh low-sulphide
horizon, but Pt;Sn - PdSn and Fe-Pt aloys dominate in
Noril’sk 1 intrusion, especialy Pt-atokite is common.
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Isomorphism is very typical in minerals of composition
A.B,AB,and A B; (A = Ptand Pd, B = Sn, As, Sb, Pb). Pd
minerals - paolovite (Pd,Sn), palladorsenide (Pd,As) and
phases Pd,(Sn,As), Pd,(AsSb) have variable relations
between Sn, As and Sb. Among bismuth-tellurium minerals
were determined Kotulskite, Bi-kotulskite, moncheite and
Bi-merenskyte. Only one mineral of Rh - hollingworthite -
was found in this ores. About 90% of all PGM are |ocated
inside Cl-, F-, H,O - bearing silicate minerals. Solid solu-
tions of PGE are found in main sulphide minerals.
Maximum concentration Pd in pentlandite reaches up
300 ppm (average - 30-100 ppm). Rh is concentrated in
pentlandite and pyrrhotite, his content is 1 ppm. The same
value has It concentration in pentlandite - near 1 ppm. The
highes level of PGE contents is typical for arsenides and
sulphoarsenides Ni, Co and Fe - niccolite, maucherite, gers-
dorffite cobaltite. The following concentrations were
distinguished (mas.%): Pt - 0.89; Rh - 0.44; Pt - 0.41. The
finest grains of PGM (5 mk) are discovered in these
minerals permanently. PGE are concentrated in sulphide
melt at the magmatic stage of massif's formation. They are
distributed into a fluid at the postmagmatic stage.
Temperature of noble metals crystallization varies from
250 up to 450°C. This study was supported by RFFI (grant
00-05064507).
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To date, accurate thermobarometry of syngenetic inclusions
in diamonds has only been possible on rare polymineralic
inclusions containing appropriate mineral assemblages.
The results are however ambiguous, because of potential
reequilibration of touching minerals after diamond growth
and possible disequilibrium between non-touching
minerals. | have calculated T and P for over one-hundred,
mostly isolated, chromian-diopside inclusionsin peridotitic
diamonds and for associated peridotitic xenoliths from
worldwide occurrences, using the newly developed single-
pyroxene thermobarometers of Nimis and Taylor (2000).
Although Cr-diopside inclusions constitute only a partial
record of the mantle environment in which diamonds may
form, Cr-diopside thermobarometry extends the applica-
bility of thermobarometric methods enabling simultaneous
retrieval of P and T for a large number of poly- and
monomineralic inclusions. Pressure-temperature estimates
obtained from chromian-diopside inclusions can thus yield
useful constraints on the thermal evolution of the cratonic
lithospheres as well as on the mechanisms of diamond
genesis. Several |herzolitic diamonds formed during major
thermal events, which are ascribed to advection of hot
C-rich fluids or melts. In some cases, diamonds have
recorded heating events, which probably took place several
100 Ma before the eruption of the host kimberlites. In some
cases (e.g., Premier, South Africa), these events were local-
ized near the base of the lithosphere, whereas in others
(e.g., Siberia) they involved the whole diamond window.
Although certain diamonds undoubtedly formed during
heating/cooling episodes, many others grew under normal
conductive regimes. These regimes are often comparable to
those recorded by the associated xenoliths, but in some
instances they reflect ancient thermal conditions character-
ized by higher thermal gradients and mantle temperatures
up to 200°C above those extant at the time of eruption.

Nimis P & Taylor WR, Contrib. Mineral. Petrol, 139, 541-
554, (2000).
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Sustainable yields of renewable resources have long been
recognised as valuable concepts. Applying the concept of
sustainability to non-renewable mineral resources such as
copper, leads to concern about both depletion of resources
and degradation of the environment, and also raises ques-
tions about the adequacy of supply to meet future demands.
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Analysis of resource scarcity isgenerally focused on nonre-
newable commodities such as energy and mineral resources
and warnings about shortages of material stocks of natural
resources have been recurrent through history. Before that
background, major concerns have been expressed about the
availability of mineral supplies necessary for the mainte-
nance of economic stability and growth.

Research into applicability of the concept of sustainability
to nonrenewable resources is currently being pursued by
the Collaborative Research Center 525 established in 1997
by the Deutsche Forschungsgemeinschaft (DFG) at the
Aachen University of Technology (RWTH). The long-term
goa of this research project is to develop an integrated
resources management system that analyses and quantifies
the flow of materials and energy through the entire produc-
tion cycle of metalic raw material and thus provides a
scientific base for improving production and resource-use
efficiency and identifying areas where adverse impacts on
the environment can be minimised.

During the last decade, copper production has increased
from 8,7 Mio tin 1988 to 12,2 Mio t in 1998, and a further
increase of copper demand is expected for the future.
Proven and probable copper reserves are estimated at
650 Mio t which implies a static lifetime of copper for
about 54 years.

Current methods used for mining and processing of copper
ores result in significant losses of the metal and, thus, in a
reduction of geology-based reserve estimates and a
decrease of copper availability in the future.

The aim of this study is to provide an assessment of the
amount of copper that is sterilized during the extraction and
beneficiation process. In the light of the concept of sustain-
ability, resource-efficiency is an important aspect for the
adequacy of resource supply since copper that remains
unextracted in a given mine, means additional adverse
environmental impacts due to new mining activities in the
future.

From the production figures of nearly 250 copper mines,
the evaluation of mining methods employed, and the
recovery grade yielded in ore processing, it was estimated
that the amount of sterilized copper in 1998 was in the
range of 3 Mio t (this amounts about 25% of the world
copper production in 1998). Approximately a third of this
value are attributable to insufficient mining methods,
whereas two thirds are related to ore beneficiation. The
figures indicate that the effective amount of metal mined
from presently known reservesis by far lower then implied
by the reserve figures. In the approach of this study, values
for theloss of copper will be presented for various different
mining methods, ore deposit types and mining sites.
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Nonrenewable mineral resources deteriorate when used as
an input into industrial production and the concomitant
enormous flows of materias through modern economies
have a significant impact on the environment. Warnings
about shortages and limits of material stocks of mineral
resources have been recurrent through history. Although
this issue remains central, the scope of discussion has
broadened to incorporate concerns about limits to the sink
and purification capacity of the environment. Materials
flow analysis helpsto track the life cycle of amaterial from
its origin through to ultimate disposition. The method aims
at assessing the cumulative effect that a particular material
use has on the environment. A generic concept commonly
considers all stages of materials flow such as the raw mate-
rial source (i.e. the ore deposit), ore extraction, processing,
fabrication, consumption, recycling, and waste disposal. In
the approach of this paper, materias flow analysis is used
to assess the first stages of materials flow associated with
the copper cycle. It represents a mine-to-gate approach and
includes an assessment of geologic and mineralogic char-
acteristics of copper deposits that critically effect subse-
quent extraction and beneficiation of copper ore. The work
involves key multidisciplinary research within the
Collahorative Research Center 525 ‘Resource Orientated
Analysis of Metallic Raw Material Flows Copper has been

in use since the dawn of civilisation largely due to a good
combination of several mechanical and electrical character-
istics such as electrical and thermal conductivity. In 1975,
world copper production was 6,7 million tons, and in 1995
it had risen to 10,5 million tons. Considering projected
population growth in developing countries, concomitant
rate of consumption, and development aspirations, the
expected additional demand for copper in 2015 may in the
order of 15.8 million tons. This figure implies doubling the
world's copper production over the course of less than two
decades. A fundamental goal of the project is to understand
the key links between ore deposit characteristics or signa-
tures and their influence on the environmental response to
mining and beneficiation. The research involves inventory
of all significant currently operating world Cu deposits, as
well as prospects that are in an exploration state, or where
feasibility studies have been completed. A number of crit-
ical ore deposit signatures are being assessed on a global-
scale, that include ore deposit type, ore and gangue
mineralogy, trace element distribution in different mineral
assemblages, hostrock lithology and mineralogy, orebody
geometry, mining and beneficiation methods, ore reserves,
ore production, and climatic conditions. This data provide
the basis for an information system with the help of which
aglobal environmental assessment model for Cu depositsis
being established. Results from the project present essential
attributes to the scarcity concern with mineral resources in
that they provide scientific information for assessing global
Cu availability. They further help to assess the adequacy of
copper supply in the future, and to examine the magnitude
of the resource stock if in addition to technologic and
economic factors environmental considerations are
included in ore reserve calculations.
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Infrared (IR) spectroscopy of hydrothermal vein quartz,
known to have anomalous dD signatures, identified two
hydrogen reservoirs; molecular water aggregates and defect
hydrogen species incorporated into the crystal lattice.
Defect hydrogen is the dominant hydrous phase in samples
yielding anomalously light 3D signatures (Grant, Gleeson
and Roberts, 2000). Room temperature IR spectra exhibit
strong bands of similar intensity at 3380 and 3481 cm™
attributed to absorption by AIOH species and Li dependent
OH centres respectively. These are accompanied by a
weaker band at 3321 cm™ attributed to HOH species. AIOH
centres correspond to defects formed by an interstitial H+
ion bonded to an oxygen adjacent to the substitutional AI*.
The detailed defect structure corresponding to the bands
generated by Li and H dependent centres remains unclear.
In an attempt to quantify the extraction of the individual
defect hydrous species upon heating, an in situ micro-FTIR
investigation of hydrous defects in natural, hydrothermal
quartz crystals was performed between -150°C and 600°C.
Major spectral changes during heating of the quartz
samples are characterised by a systematic increase in the
vibrational frequencies of both the AIOH and LiOH
centres. This is accompanied by a marked increase in the
intensity of the LiOH absorption with increased tempera-
ture. The observed spectral changes are attributed to varia-
tions in hydrogen bond length with temperature. A peak in
the vibrational frequency at ~300°C suggests that the H-
bond effect appears to be less significant above these
temperatures. Temperature reversible spectra up to 300°C
suggests that, up to these temperatures, there is no perma-
nent loss of hydrogen associated with AIOH, LiOH or HOH
defects. A significant shift in vibrational frequency,
observed at ~550°C, is thought to be closely associated
with structural changesin the crystal lattice involved in the
a-B transition. At 600°C the dominant absorbance is
produced by LiOH species. Both AIOH and LiOH species
demonstrate decreased integral IR absorbance with
increased temperature attributed to increased O-H-O
distance. No reduction of defect concentration upon
cooling suggests a decrease in the molar absorptivity, asso-
ciated with a decrease in the net dipole moment of both
AIOH and LiOH species with increased temperature.
Heating of quartz crystals at 600°C for one hour perma-
nently removes HOH defects but not AIOH or LiOH
species suggesting that the a-f transition does not provide
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a mechanism for permanently removing al impurity
species. Although LiOH species are permanently removed
following heating at 1000°C for 1 hour, AIOH species
remain evident.
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A barium anal ogue of muscovite has been discovered in the
crystalline basement rocks of the Berisal Complex,
Simplon, Switzerland. Examples of the micaare found in a
band of white mica schist, and lenses of similar material in
a leucocratic zoisite-celsian gneiss. Some examples of the
schist and gneiss are characterized by whole-rock BaO
contents of up to 15% by wt. The mineral paragenesis
consists of zoisite, quartz, plagioclase, apatite, zircon and
amphibole in the schist, and zoisite, celsian, quartz,
margarite +armenite in the gneiss. The micas are light grey
to silver in colour, have aglassy lustre, a perfect mica (001)
cleavage, a laminated fracture and a flexible tenacity. A
Moh's hardness of 4-4.5 was determined from micro-hard-
ness indentations. The refractive indices are n, =1.619 and
n, =1.622, and the measured 2V, vaue is 42.5°+2°. The
caculated theoretical density of the most Ba-rich micas is
3.11 g/em®. Single crystal X-ray diffraction patterns for the
mica were obtained using Weissenberg and Precession
cameras, and powder patterns were obtained with both
Gandolfi and Guinier-Haegg cameras. The Ba-mica is a
2 M, polytypeand crystallized in the space group C2/c. The
unit cell dimensions were refined at: a= 5.2068(7)A, b=
9.027(1)A, c= 19.963(4)A and = 95°42(1)'. The calcu-
lated unit cell volume is 930.4(3)A%.

Concentrations of BaO between 14 and 17% by wt. are
consistently found in some crystals. This corresponds to an
a\/a’we fOrmUla Of (BBO.B7N80.56KD52)2:1.95(A|3v71M gﬂvlﬁFeDUB
TiD.UE)Z:AUISiS31A|2v69020(OH)4 Or, Ide@]ly (BavNa'K)A|2
(S1,A1DO1o(OH),.

This is the first recorded occurrence of a Ba-dominant
muscovite type mica, and a proposal for a new mineral has
been accepted by the International Commission for New
Minerals and Mineral Names. The mica has been given the
name ganterite, after the Ganter Valley, in Canton Wallis,
Switzerland close to where the mineral was found.
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The tetrahedrite group minerals can be described by the
general formula (Cu,Ag)y(Fe,Zn,Hg,Cu,...),(Sb,AS),S;s.
Due to their minerochemical complexity some problems
are still open in particular as far as concerns the possibility
of different valence states and site occupancies of some
elements. An accurate mineralogical and compositional
characterization therefore, has been performed on a large
number of natural samples. As to the specific characteris-
tics of the bond type of this mineral group, some represen-
tative and significative samples of the different
‘varieties' have been selected for EPR and magnetic inves-
tigations. In particular, the ‘controversial’ presence of
Cu(I1) in the M1 tetrahedrite site (Wuensch, 1964) could be
ascertained by EPR investigations which avoids the Fe(I1)
(d% S=1) interference. Concentrated Fe(Il), on the other
hand, is one of the main goal of SQUID measurements in
sulphides (Vaughan and Burns, 1972). Perfect linear corre-
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lations between atomic values, obtained by EPMA, of Fe
and Zn, Sb and As were calculated. Ag substitutes
completely Cu in the range between 24-34 at%, whilein the
Ag-free tetrahedrites Cu can contribute to the sum of the
divalentions. Thisis confirmed by EPR spectrawich reveal
the presence of Cu(ll) d® arranged in a tetrahedral environ-
ment. Fe(ll) (d® s=2) paired species have been revealed at
the liquid He temperature. SQUID magnetometry data on
all investigated samples show a Curie-Weiss trend, as
expected for Fe(ll) sulfides. Weak antiferromagnetic inter-
actions have been detected at about 20K. Our magneto-
metric dataleads to the Fe(11) distribution on the tetrahedric
M1 sites, according to the Heisenberg randomly diluted
magnet model.

Vaughan DJ & Burns RG, Proceedings of 24th International
Geological Congress, Montreal, 14, 156-167, (1972).
Wuensch BJ, Zeit. F. Kristall, 119, 437-453, (1964).
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At Segura, Hercynian two-mica granite, muscovite granite,
granodiorite porphyry veins and Li-bearing granitic aplite-
pegmatite veins containing cassiterite and lepidolite intrude
the Cambrian schist-metagraywacke complex. Aplite veins
intrude this complex and granites, whereas quartz veins
with cassiterite and wolframite intersect the schist-
metagraywacke complex. Quartz veins with barite, galena
and sphalerite intersect this complex and the muscovite
granite. The two-mica granite contains Fe2+biotite, while
the granodiorite porphyry veins have Mg-biotite, but they
are not related. All granitic rocks contain primary
muscovite, but muscovite granite and aplite veins also have
some hydrothermal muscovite. Primary muscovites show
trends of fractionation for major elements from two-mica
granite to granitic pegmatite. There are also increases in
P,0; contents of K-feldspar and albite and decreasein anor-
thite content of albite from this sequence. Primary
muscovites from muscovite granite and aplite have similar
compositions. Aplite is probably related to muscovite
granite, which is formed by partial fusion of metasedimen-
tary materials. Generally K-feldspar has higher PO
content than coexisting plagioclase, but there is no signifi-
cant fractionation of phosphorus between them. In
pegmatite, lepidolite is richer in Si, F, Rb and poorer in Al
than muscovite that partially replaces. Primary topaz,
montebrasite and natromontebrasite also occur in the
pegmatite.

Hydrothermal muscovite from quartz veins has more Mg
and Mg/(Mg+Fe) and less Alvi, Aliv+Alvi and paragonite
content than primary muscovites from the granitic rocks.
Cassiterites from pegmatite and quartz veins show
sequences of aternating parallel darker and lighter zones.
In pegmatite, the darker zones of cassiterite have Mn >>Fe
and more Nb and Ta than the lighter zones, while in quartz
veins the darker zones show Fe>>Mn and more Ti than the
lighter zones, which are mainly pure SnO,. The darker
zones of cassiterite from quartz veins are richer in Ti and
poorer in Nb, Ta, W, Mn and (Ta+Nb)/(Fe+Mn) than those
of cassiterite from pegmatite, which show exsolved
manganocolumbite  and  mangano-ferrocolumbite.
Wolframite has Fe>>Mn, and in single zoned crystals Mn,
Mn/Fe increase and Fe decreases from rim to core.

The quartz veins with cassiterite and wolframite have
monoclinic pyrrhotite, arsenopyrite (locally altered to phar-
macosiderite), pyrite, sphalerite, chalcopyrite, stannite,
matildite and schapbachite. The quartz veins with barite,
galena and sphalerite correspond to a later generation and
also contain cobaltite, pyrite and chalcopyrite, but galenais
altered to anglesite, mimetite and kintoreite.

Acknowledgements. Thanks are due to Prof. B.J. Wood for
he EUGF-Bristol facility, contract ERBFMGECT 980128
to use the geochemical facilities at the Department of Earth
Sciences, University of Bristol, U.K..
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Kdycegiz lake is a meromictic lake located in the south-
western Anatolia, Turkey. It covers asurface area of 55 km?
and accommodates 850 million m® water. The areais a part
of Taurus mountain belt and comprise of Mesozoic
carbonate and ophiolitic rocks as well as recent alluvium.
The lake is fed from rainfall, streamflow and thermal
ground water and discharges into Mediterranean Sea via
14 km long, meandering channel. A total of fifty-nine sedi-
ment samples (31 surface samples and 28 borehole samples
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of 2 cm thickness) from the bottom sediments of Kdycegiz
Lake was subject to mineralogical analysisto determine the
originand , lateral and vertical variationsin the whole-rock
and clay fraction minerals of mainly clay-silt fraction by X-
Ray Diffraction Method. Whole-rock analysis show that
existence of clay, serpentine, calcite, dolomite, aragonite,
quartz, feldspar, amphibole, mica, kaolinite, halite, gypsum
and natron (?). Clay mineral assemblages consist of kaoli-
nite, chlorite, serpentine, smectite and illite. It has been
concluded that carbonate (calcite, dolomite and aragonite),
sulfate (gypsum), chloride (halite?) and bicarbonate
(natron?) minerals are the products of chemical precipita-
tion. Feldspar, quartz, amphibole, Serpentine and mica are
related to detritic origin. Smectite and kaolinite can be
related to the alteration products of volcanic materials.
Aragonite which, can be related to increasing of the
hydrothermal input or bacterial activities were found only
in two samples at the deeper sections of borehole
(49-52 cm). Both conditions are met in the lake water.
Aragonite is aso major carbonate mineral in one of the
surface samples. Although mineralogy of lake sediments
shows a homogeneous spatial distribution, their abundance
change both in lateral and vertical extent. Thisindicates the
change in lake water’s salinity which is certainly related to
temporal variations in fresh water and thermal water
recharge rates. Interestingly, mica observed amost in al
surface samples was not found in the borehole samples
which represent the 1 m depth from bottom surface. Thisis
attributed to alteration of mica by time. Hornblende is seen
only in the northern basin of the lake where there is
recharge from a stream which is fed from ophiolitic terrain.
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Jadeite is a well-know as jewelry material for, many years
but jadeite deposits are very rare and great jam are single.
A Lion-Kechpelsk deposit of jadeit is one of the known
Russian deposits, which is situated on the west mountain-
side of Payersk blok of Voikaro-Synyensk massive.
Massive has been packed mainly from different degree
serpentinized rocks of harzburgin-dunit complex. Jadeit
bodies in the manner of veins or lenses by extent 15-60 m
and power 4-11 m streten in antigorit serpentins. Jadeit
bodies have a zonal construction with determined lokation
areas. The following types of rocks follow lach other from
jadeit nuclear to serpentin harzburgits: aktinolith-phlogopit
clay, chlorit-aktinolith-phlogopit rocks, semiore serpentins
and further antigorit serpentins. For the estimation of jadeit
fitness as jewelry material istaken one of the gemmological
features: a colour and shade of stone. Finecristallogical
jadeit rock is distinguished by the pale green colouring with
different shades (from the colour of green to the colour of
emerald). Anumber of mineral methods were used to stades
jadeit colouring. Petrological research revealed a depen-
dency of jadeit colouring on its separation forms and on the
geological within veins. It is known that the shade of jadeit
rock greatly depends on secondary minerals. Roentigeno-
structural analysis has allowed to elaborate a minera
composition of rock. Results of roentigeno-structural
analysis revealed the chemical particularities of pyroxene
and have marked a place in the nomenclature
Natrapyroxene. Results of optical-spectroscopy analysis
have pointed out the reason of different jadeit colouring
appearence. We analyse the spectrum of adsorbing bright-
green streak of jadeit in plates and grey-green main mass of
jadeit in section.
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Marble-hosted ruby deposits represent the first largest
source of coloured precious gemstones in South-East Asia.
They occur in Turakuloma (Tajikistan), Jegdalek
(Afghanistan), Hunza Valley (Pakistan), Nangimali (Azad
Kashmir), Chumar, Ruyil (Nepa), Mogok, Mong Hsu
(Myanmar), Luc Yen, Yen Bai (North Vietnam) and Yunnan
Province (South China).

These primary deposits show specific and similar geolog-
ical features:

Geological setting : they are hosted by metamorphosed
sedimentary platform series composed of a succession of
sandstone, shale and limestone, with intercalation of mafic
rocks and intrusion of dykes of granite and/or desilicated
pegmatites. Rubies occur within marble and cipolin hori-
zons ranging from 0.1 up to 300 m thick and with up to
50 km in extension. The mineralization is disseminated or
concentrated within fractures concordant with the main
regional tectonic structures.

Mineralogical assemblages: The composition of the
marbles varies between calcite and dolomite. The paragen-
esis is composed of diopside +spinel +phlogopite +garnet
*chlorite margarite with sometimes graphite. The associ-
ated schists and gneisses show kyanite *amphibole
*clinopyroxene *garnet +hiotite.

External and internal features of rubies: Crystals are gener-
ally composed of reddish and colour-zoned hexagonal
prisms with bipyramids ; rhomboedral and pinacoidal faces
may be developed. Apatite, calcite, dolomite, rutile, mica,
pyrite and spinel are the main solid inclusions. Carbonic
monophase or biphase cavities characterise the primary
fluid inclusions. These rubies show low iron contents
(normally less than 0.2%wt FeO). Vanadium contents are
highly variable and can reach high values (up to 0.35%wt
V,0; in Mogok rubies). Genetic models : The model gener-
aly proposed for such primary deposits is the regional
metamorphism of limestones under high temperature and
pressure conditions (600-620°C, 7 kbar in Hunza ;
T>650°C, 4 to 8 kbar in Luc Yen). The close association, in
some areas, with granitic pegmatite led to consider amodel
of mixing of fluids from metamorphic and magmatic
origin. In Luc Yen, (O, C) isotopic studies suggest
exchange and equilibration between marine carbonate and
organic material from black shales during metamorphism,
through devolatilization and fluid circulations.

To understand the genesis of marble-hosted ruby deposits,
the source of elements such as auminium, chromium, iron
or titanium and their mechanisms of extraction, transport
and deposition must be studied in details.
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Located at the southern part of the Bassin de Paris, where
Triassic formations lay unconformably on the basement of
northern Massif Central, the Chaillac deposit is composed
of a stratiform Ba-Fe ore body connected to a F-Ba vein.

The stratiform part is hosted by Hettangian fluviatile sand-
stones. The so-called ‘Iron-barite complex’ is a typical
major facies with barite and goethite banded veinlets cross-
cutting a mineralised sandstone (barite and goethite rich
cement) [6]. Today barite is mined in two open pits: La
Raillerie and Les Redoutiéres. Respective parts of
hydrothermalism and lateritization in the genesis and
evolution of ‘lron-barite complex’ was formerly largely
discussed at Les Redoutieres [1][2][3][5][6].

In LaRaillerie open pit, field evidences clearly demonstrate
a lower ferruginous sandstone related to hydrothermalism
and an upper ferruginous sandstone which have been later-
itized. The cements of these sandstones are composed of
goethite with different textures: a colloform one for the
lower level and a massive one in the upper level. These
cements have been analysed in order to define their chem-
ical signature asamarker of their origin. As,0, low content
in goethite of the lower ferruginous sandstone confirm its
hydrothermal origin. TiO, low content, without As,O;, in
goethite of the upper ferruginous sandstone confirm a
lateritic origin of the cement.

AMS measures have been performed on the previous
described levelsin La Raillerie open pit, and on two levels
in Les Redoutieres open pit, respectively at the basis and at
the top of the ‘Iron-barite complex’. In these four sampled
sites goethite carries the magnetic susceptibility. In la
Raillerie open pit the hydrothermalised lower sandstone
has a prolate AMS shape; the vein plane carries the direc-
tion of K1. The lateritized sandstone has an oblate AMS
shape, K3 directions are well vertically grouped and K1,
K2 are scattered horizontally comparable to which has been
described in weathered samples [4].These results are used
to interpret AMS measures in the Redoutiéres open pit. At
the basis of the ‘iron-barite complex’ AMS shapes are
prolate, K1 directions are well grouped and carried by the
associated vein plane. At the top of the complex AMS
shape is oblate, K3 directions are well vertically grouped
and K1, K2 are scattered horizontally as in the lateritized
sandstone of La Raillerie sandstones. AMS results on the
‘iron-barite complex’ at Les Redoutieres only show a
superficial lateritization (about 2 metres) of a hydrothermal
deposit, with an uncommon inherited morphology. In addi-
tion, on this deposit different goethite textures are clearly
related to different AMS fabrics, these results could favour
further investigations using AMS data to track flow direc-
tions of fossil hydrothermal systems.

Deurbergue A, These de troiséme cycle, Orléans, 152,
(1984).

Parron C, Nahon D, Tardy Y, Mém. B. R G. M, 104, 385-396,
(1980).

Tardy Y, Norbert C, Fontes JC, Nahon D, C. R Acad. <i.
Paris, Sériell, 295, 219-224, (1982).

Tarling DH, Hrouda F, The magnetic anisotropy of rocks,
Chapman & Hall, London, 29-64, (1993).

Touray JC, Ziserman A, Mém. B. R. G. M, 104, 377-380,
(1980).

Ziserman A, Mém. B. R. G. M, 104, 344-374, (1980).
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Empirical data have been accumulated recently, suggesting
that morphology of zircon crystals from metamorphic rocks
is controlled by varying conditions of metamorphism.
Different zircon generations are recognised, which
morphological distinctions require theoretical explanations.
A need has arisen to establish patterns of zircon crystal
morphology variations in relation to varying conditions of
crystallisation. A computer simulation has been proposed
based on calculation of surface energies for each crystal
face. Surface energies, in their turn, are found with the help
of interatomic pair potentialsfor a‘cold’ and uncompressed
crystal. External factors are taken into account by intro-
ducing adequate new variablesinto conditions of the lattice
equilibrium. The proposed model can reveal how the
crystal form of accessory minerals from endogenic rocks
depend on P-T conditions of the rock-forming medium.
Thus, it is possible to make theoretical determinations of
morphological types of zircon corresponding to particular
thermodynamic rock-forming conditions and compare
them with empirical data.
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We report two new rock forming minerals from metamor-
phic rocks. Both were recognized by electron microprobe
and analysed by WDS. The first is calcium-titanium-
(oxi)silicate from basaltic eclogites in the ~1.9 Ga
Ubendian belt, Tanzania (Muhongo and Tuisku, submitted).
On the basis of the formula CaTi,SiO;, the mineral has an
orthosilicate structure like sphene and is an intermediate
phase in the sphene-rutile system. One oxygen may be
partly substituted by hydroxyl group because the WDS
analysis sum is 99%. Optical properties closely resemble
those of sphene. The mineral is possibly stabilized by the
relatively high pressure of 13 kbar and temperature of
830°C calculated by garnet-clinopyroxene-plagioclase-
quartz thermobarometry for these rocks.

The other mineral may be considered an potassium-iron
rich analoque of trioctahedral sodium-magnesium mica
wonesite with one vacant A-site and has an formula of
(Cag 01Nay 06K 0.74)0.81(F€;.0sM g2.67Fe3+o.1sch.ozTi 021Al06)6
(Al,56Si575)§0,0(OH),. The mineral occurs in the alkali-
deficient amphibolite facies psammopelites of the ~1.9 Ga
Kainuu mobile belt (Tuisku, 1991). Optical properties are
similar to biotite and wonesite. The mineral was formed in
mid-amphibolite facies at 540°C and 4.5 kbar and was
maybe stabilized due to the Al-rich and relatively akali-
poor composition of the host rock.

Muhongo S & Tuisku P, J. African Earth Sci, (submitted).
Tuisku, Res Terrae Ser A, 4, 1-47, (1991).
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The ore bodies are presented by veins and stokworks.
Sulfide (sphaleritetgalena+pyrite), quartz-sulfide and
quartz parts of the ore bodies are divided. Ag content of
sulfide parts varies from 300 to 400 ppm, quartz-sulfide -
100-150 ppm, and quartz parts not contain economic silver
ore. The depletion of silver contents is accompanied with
lowering thermoelectric effect of both n- and p-type galena
along the ore bodies. 5 galena and 3 sphalerite nucleations
control internal structure of the sulfide aggregates. Galena
contains singenetic boulangerite and native antimony blebs.
Often galena individuums are zoned, that is a result of
rhythmic fluctuation of Sb content in galenacomposition and
is often underlined boulangerite ‘chains’. Thermoelectric
power of primary galenais negative and indirectly depends
on the Sb impurity content. It is established, that quartz-
sulfide aggregates are depleted with later nucleations of
sphalerite and galena as a result of their selective destruc-
tion during quartz development and transformation of
sulfide into quartz-sulfide aggregates. Chiefly silver
resources are connected with Ag-Sb sulfosalt (pyrargyrite
and polybasite) blebs, which were formed in the way of
diffusive replacement of earlier antimony-boulangerite
mineralisation in galena. The intensity of Ag-Sh-sulfosalts
formation dependeded on primary permeability of spha-
lerite-galena aggregates. At the beginning the blebs of
Ag-Sb sulfosalts formed thin bands in Sb-enriched galena
along sphalerite-galena borders. Here n-type galena trans-
forms into p-type. The minerals were formed and replaced
in the sequence of Sb ejection and Ag saturation of the
mineral-forming system: burnonite-pyrargyrite-polybasite-
acanthite. The sequential development of the minerals
redounded to arising of circumferential zonality in galena
aggregates. The size of individuums of every later sulfos-
alts grew larger, but with rarefaction. This behaviour is an
evidence of their growth due to dissolution of al earlier
sulfosalts. Exploration of sulfosalt distribution in the ore
bodies shows that Ag-enriched ores of sulfide veins are
presented both polybasite and pyrargyrite, which are
accompanied by native antimony, boulangerite, bournonite,
acanthite and tetrahedrite in galena and sometimes in spha-
lerite. But Ag-depleted ores of quartz-sulfide parts contain
only rare polybasite and tetrahedrite grains only in galena.
Therefore, the destruction and silification of the sphalerite-
galena bodies led to transformation of Ag-rich ores into
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Ag-poor ones with dissolution of Sb-enriched sulfosalts.
The galena destruction was accompanied with partly delay
of silver that led to the formations acanthite with anglesite,
native silver-acanthite-polybasite assemblages. Numerical
modeling of forming conditions of the established paragen-
esises performed with ‘CHILLER’ software package
showed that the sequential formation: native antimony-
bournonite-pyrargyrite-polybasite-acanthite is an indicator
of oxidation of the mineral-forming environment.
Sulfosalts are formed as a result of reaction between
argentic chlorides and thioantimonite derivatives. Their
contents increase and decrease accordingly because of
oxidation and sulfosalts are forming from Sb-enriched to
Sb-depleted, but with increasing of Ag content.
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Alexander Emetz & Leonid Skakun
L'viv, 37/3 Levitsky St., 219005, Ukraine

Base-metal veins in the deposit were developed along
contraction faults of the rhyolitic tuffs of the Beregovo
Sarmathian explosive caldera. Quartz is widespread both in
the veins and in wall rocks, atered into quartz-adularia,
quartz-sericite and quartz-kaolinite metasomatites.
Majority of quartz aggregates of the veins were formed
during decaying of the mineral-forming system with
destruction of the earlier sulfide (sphalerite+galena+pyrite)
aggregates and gradua silification of the system. Native
gold was precipitated in front of the silification, on account
of sulfides served a geochemical barrier for oxidized solu-
tions. Homogenisation temperature of fluid inclusions in
gold-bearing quartz aggregates shows temperatures from
80 up to 270°C. The work is performed for features revela-
tion of the gold-bearing quartz aggregates. To perform the
work we used detailed textural-structural analyses.
Terminations of the sulfide crystallisation are mainly fixed
by formation of thin rhythmic quartz-sphalerite banded
aggregates. Quartz of these rhythms is fine-grained or
plumose. Sphalerite presents spheroidal microaggregates.
On the other hand the change of sulfide-quartz formation is
observed as partial crossing of the plumose quartz by spha-
lerite crystals. Textures of quartz-sulfide aggregates, where
quartz replaces sulfide aggregates, chiefly depend on
textures of primary sulfide aggregates. Mainly they are
banded as a result of selective dissolution of radial spha-
lerite rhythms or dappled because of cementing of the
grained sulfides by fine-grained quartz. Usually in the veins
four types sequentially formed quartz aggregates are
observed: 1) fine-grained quartz, formed; 2) druse quartz;
2) plumose quartz; 3) chalcedony. 1-st and 3-nd types were
priority formed by metasomatic replacement of sulfides.
Druse quartz is widespread, but its formation always is
connected with growth in hollows, which were created with
fast dissolution of sulfides or occurred aong cracks.
Optical axes of the crystals of fine-grained and druse quartz
often is similar, reflecting geometrical selection from
micro- to macro-level. Both fine-grained and druse quartz
develop in plumose quartz, arising as a result of multiple
iteration of splitting and following geometrical selection of
quartz crystals. Splitting is often underlined by lengthened
inclusions of a dark material. Chalcedony presents long (to
5 mm) quartz fibres, which are rhythmic split. The borders
between rhythms are fixed with occurrence thin (~0.1 mm)
zones of flamboyant chalcedony, which were formed with
temporary disorientation of the quartz fibres after each of
splitting.
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Rosh Pinah Mine is located in southwestern Namibia. This
base metal deposit lies within Late Proterozoic to early
Palaeozoic volcano-sedimentary formations of the Gariep
Belt. The Rosh Pinah Formation, which hosts the Rosh
Pinah ore bodies, is part of the Port Nolloth Zone, a para-
autochthonous passive continental margin on the western

rim of the Kalahari Craton. The Gariepian succession
represents an early phase of continenta rifting, accompa-
nied by bimodal volcanism. The Pb-Zn-Cu ore bodies are
hosted by siliciclastic rocks but are at |east spatially related
to both felsic and mafic volcanic rocks. The ores are gener-
ally thought to be of SEDEX origin. Nevertheless, many
indications suggest that it might rather represent a distal
VMS deposit or even a transitory type. The area north of
the mine lease hosts several base metal anomalies in
distinctly different settings: The first type occurs immedi-
ately to the north of Rosh Pinah Mine. Here the base metal
anomalies are related to metamorphosed and partly altered
méfic, localy vesicular volcanic rocks. Metamorphism,
alteration and deformation have modified the primary
composition and textures of these mafic igneous rocks.
However, the inner parts of the mafic units seem to have
been of basaltic composition. Lateral variations of these
rocks are biotite schists, chlorite-amphibole schists, and
chlorite schists. Two main mafic igneous units can be
distinguished and both are hosted by feldspathic, partly
carbonatic quartzite and argillite.. The second type of base
metal anomalies, further northwest on Farm Spitskop, is
related to several prominent gossans within felsic volcanic
(predominantly pyroclastic) rocks. The gossans show a
typically sharp contact to the surrounding felsic volcanic
rocks and metasediments, the latter comprising both silici-
clastic and carbonate rocks. Although most of the gossans
consists predominantly of magnetite and hematite, a
distinctly magnetic and a non-magnetic type can be distin-
guished. The gossans of this area occur spatially related to
carbonate units. Severa types of carbonates have been
distinguished to date, based on macroscopic characteristics
alone. Several of the carbonate units display typical
features of clastic (bedded) and biogene (stromatolitic)
origin. Laminated calcitic carbonates, in some low-strain
domains, still maintain the typical shapes of laterally linked
hemispheroidal stromatolites. Other carbonates are dark
brown, massive chaotic masses with irregular aggregates of
hematite and specks of quartz, possibly pseudomorphing
pre-existing barite (?), dispersed throughout the rock. These
different carbonates might represent carbonates of biogene
origin and exhalative carbonates, the latter having possibly
formed as part of a mineralising process. These atered
mafic and felsic volcanic rocks, gossans, and different
types of carbonates, and their potential genetic relationship
to base metal mineralisation will be the focus of our current
metallogenetic investigation.
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The Skorpion non-sulphide zinc deposit is situated in the
southern part of the Namib Desert, Namibia, and approxi-
mately 40 kilometres north of the Orange River. It occurs
within a Late Proterozoic series of the Port Nolloth zone as
part the Gariep Orogenic Belt, which belongs to the Pan-
African beltsin southwest Africa (Corrans et al. 1993). The
Port Nolloth zone consists of a wide variety of sediments,
mainly arkoses, marls, shales, and limestones but also bi-
modal volcanics. The host rocks have been strongly folded,
faulted and overprinted by lower amphibolite facies meta-
morphism (Fimmel 1995). The deposit is not exposed on
surface; a sandy plane with calcrete covers the non-
sulphide orebody.

The deposit has a resource of 24,6 Mt, at an average grade
of about 11% Zn (Mining Journal 2000) in the form of Zn-
silicates, -carbonates and minor -oxides. The Skorpion
deposit belongs to a group of so-called non-sulphide
deposits which - quite recently - have become of particular
economic interest since a tailor-made solvent extraction
and electro-winning process allows the production of high-
purity zinc on site at low cost.

The ores have been studied by reflected and transmissive
light microscopy of samples from drill cores. SEM-EDX,
XRD and GADDS analysis have been carried out for
detailed mineral identification. ICP/MS and XRF were
used for major and trace element geochemistry of whole
rock samples.

554

The non-sulphide zinc mineralisation is mainly hosted
within siliciclastic rocks (arkose, quartzite and shale) and
minor limestone. The predominant ore mineras comprise
hemimorphite (Zn,[(OH),/Si,O0;]*H,0), a zinc-rich clay
mineral, sauconite (ZnAI[(OH),/AlISi;04]
(0,5Ca,Na)y5(H,0),, and zinc-carbonate, smithsonite
(ZnCO;). The Zn-concentrations within these ore minerals
can be as high as 23,8% for hemimorphite, 46,5% for
sauconite, and 78,0% for smithsonite. The ore mineras are
predominantly fine-grained and generally not noticeable
macroscopicaly in drill core. Hemimorphite, seen under
the microscope, is intimately associated with quartz and
muscovite, partly forming spherical aggregates, i.e.
‘concretions'? To date, sauconite and smithsonite have
been detected by XRD only and seem to occur throughout
the mineralised host sediment. No sulphides have been
detected within the non-sulphide mineralisation so far.

Sphalerite mineralisation occurs at a distance from the non-
sulphide ore body but the stratigraphic, structural and
metallogenetic relationship of the sulphide and non-
sulphide mineralisation are not fully understood yet.
Forthcoming investigations will include the study of stable
isotopes to investigate any potential genetic relationships
between sulphide and non- sulphide bodies. Metal zonation
patterns are currently interpreted to show the spatial rela-
tionship between sulphide and non-sulphide bodies.
Properties of inclusions of mineralising fluids will be deter-
mined by microthermometry. This combination of methods
will hopefully lead to a more detailed understanding of the
metallogenetic processes at the Skorpion non-sulphide zinc
deposit.

Corrans RD, Gewald H, Whyte RM & Land BN, Abstracts:
Conference on Mining Investment in Namibia, 17 - 19
March 1993, Windhoek, 46-57, (1993).

Frimmel HE, S Afr. Tydskr. Geol, 98, 176-190, (1995).
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The Idrija mercury mine is situated 50 km west of
Ljubljana, in the region which belongs to the Alpine
promontary, transitional zone between Alps, Dinarides and
Adriatic microplate. The ore deposit was formed by
hydrothermal and exhalative processes within a Middle
Triassic trough, deepened by extensiona tectonics during
the Tethyan rifting stage. Middle Triassic tectonics gave
way to the upwelling hydrothermal solutions, which
expelled their load onto the sea bottom through a thick pile
of the Upper Paleozoic, Permian, Scythian, and Anisian
clastics and carbonates, forming stratiform, synsedimentary
mercury, pyrite rich orein the black Sconca shales (Mlakar
& Drovenik, 1971; Placer, 1976). On their way to the sea
bottom, they mineralized fissures, pores, faults, breccia
zones, and metasomatically replaced carbonates, and
cement in clastics, assigning to the mineralization a clear
epigenetic character. Mineral paragenesis of the deposit is
almost monomineralic and consists of cinnabar,
metacinnabar, native mercury, sporadic iron sulphides and
gangue minerals, calcite and quartz. The objects of FIs
study were colourless, transparent single quartz crystals,
prepared as 0.2 mm thick wafers, and red, irregular
cinnabar grains, prepared as 0.05-0.1 mm thick wafers. The
most widespread Fls in Idrija ore deposit are low saine
(1,75-11,50 wt.% equ. NaCl), L+V, CaCl,-NaCl-H,0 with
NaCl/CaCl, ratio between 25 and 40%. Total homogeniza-
tion into liquid phase was observed in the temperature
interval between 175 and 215°C. Homogenization temper-
ature could not be recorded into cinnabar samples due to
decrepitation in temperature interval between 120 and
160°C. High saline CaCl,-NaCl-H,0 Fls, with presence of
isotropic daughter minerals, were observed only within one
quartz crystal. NaCl/CaCl, ratio and homogenization
temperature are into the samerange asin the low saline FIs.
In the same sample the low saline (6,75-8,00 wt.% equ.
NaCl), L+V, NaCl Fls were observed.

Mlakar | & Drovenik M, Geologija, Ljubljana, 14, 67-126,
(1971).

Placer L, Rudarsko-metalurski zbornik, Ljubljana, 1, 3-30,
(1976).



0S06

Mineralogy, Ore Geology and Mineral Resources

0S06 : WEpo13: PO
A Concept for the Investigation of the
Economic Potential of Undiscovered
Copper Depositsin Mauritania

Karsten Eden (eden@iml.rwth-aachen.de),

Juri Grassmann (grassmann@rwth-aachen.de) &

F. Michael Meyer (m.meyer@rwth-aachen.de)

Ingtitute of Mineralogy and Economic Geology,
Willnerstrasse 2, Aachen, 52056, Germany

The long-term goal of the Collaborative Research Center
525 (CRC 525) ‘Resource-Orientated Analysis of Metallic
Raw Material Flows' istheidentification of key options for
resource-sensitive supply and processing of metallic raw
materials, considering restrictions imposed by geology,
technology, as well as societal, economic and environ-
mental factors. In this context, traditional estimates of
resource quantity are no longer meaningful as they do not
account for many ecological and socia concerns placed on
mineral extraction and beneficiation.

General goal of this project is the evaluation of the potential
of undiscovered copper deposits in Mauritania. This will
include the development of new efficient methods, that
place astrong emphasis on the concept of sustainable devel-
opment of nonrenewable mineral resources. The method-
ology focuses on specific geographic areas and involves
assessment of essential parameters such as origina
resources estimate, ore mined and lost in mining, as well as
environmental, geological, and technological constraints
and land use. The integration of regiona data sets for
mapping mineral potential is being carried out on a
Geographic Information System (GIS). With this, regional
geological, geophysical, geochemical, and environmental
data are brought together into a single data base accommo-
dating spatial and non-spatial information. Mauritania has
been chosen as a country of focus because it is underex-
plored by international standards and its mineral potential is
recognized by the international mining industry. Therefore,
the country provides considerable opportunity for explorers
and developers of mineral resources. The investigation of
the economic potential of undiscovered copper deposits in
Mauritania is a pilot project which supports a government
initiative to stimulate foreign investment into the mining
sector with the aim to promote economic growth and the
well-being of the people. The work involves key collabora
tive research with international mining companies currently
operating in area, the Ministry of Mines and Industry of
Mauritania, as well as the World Bank.

The study, firstly, focuses on the Guelb Moghrein area,
located approximately 260 km northeast of the capital city
of Nouakchott. The area is known for significant copper
production during ancient times and has been subject to
numerous copper-gold mining and exploration campaigns.
The copper-gold mineraization at Guelb Moghrein is
hosted by a massive magnetite and sulfide bearing iron-
magnesium-carbonate within a sequence of Lower
Proterozoic greenstones, made up of both amphibolites and
chloritic schists belonging to the Lambetith Formation of
the Akjoujt Series. The Guelb Moghrein Occidental orebody
contains ameasured and indicated copper and gold resource
estimated at 23.7 million tons to a depth of 220 meters,
grading 1.88% copper and 1.41 g/t gold and 144 ppm cobalt,
using a 1% copper cut-off grade. The carbonate rich forma-
tions, which host the Guelb Moghrein copper-gold deposit,
are prime exploration targets in the surrounding areas.

The scope of this paper is to introduce the methodology
employed and to present first results with respect to the
potential of undiscovered copper deposits in the Guelb
Moghrein area of Mauritania.
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Petrological And Geochemical Evidence of
Fluid-Rock-Interaction In The Strike Reef of
The Hutti Gold Mine, North Karnataka, India

Amanda Roger s (rogers@iml.rwth-aachen.de),

Jochen Kolb & Michael Meyer

Ingtitute of Mineralogy and Economic Geology,
Wauellnerstr. 2, D-52056 Aachen, Germany

Gold mineralisation at Hutti gold mine is controlled by a
NNW-SSE trending shear zone in the Hutti-Maski schist
belt. The hooked shape belt consists of a heterogeneous
assemblage of volcano-sedimentary units, surrounded by a
granite-gneiss assemblage within the eastern area of the
Dharwar Craton, south India. The Strike Reef isone of nine
gold-quartz-sulphide lodes in the Hutti gold mine, which is
currently producing 1.3 t Au/a at a grade of 6.42 g/t.

For the purpose of this study, the whole spectrum of litholo-
gies from metabasalts (host rocks) through various alter-
ation and ore zones were sampled from a drill core driven
perpendicular to the reef.

The metabasalts are massive to weakly foliated with a
greenish appearance, dominated by fine-grained amphi-
boles. The amphibole crystals are elongate (20m) with
irregular platy ends. Matrix minerals include albite, zoisite
and opagues. This paragenesis represents metamorphism to
greenschist facies. The amphibole is later replaced by
biotite and chlorite; biotite is then further replaced by chlo-
rite representing two retrograde phases in the greenschist
facies.

The first distinguishable ateration zone is a foliated,
brownish coloured rock, dominated by fine-grained, irreg-
ular crystals of biotite. Amphibole and albite decrease in
number whereas both titanite and zoisite increase. The
biotite zone progresses into a paler, chlorite rich rock,
which has an increase of both quartz and calcite in the
matrix. An increase in frequency of calcite and quartz veins
can also be observed. The sulphide assemblage of
arsenopyrite, pyrite, pyrrhotite, chalcopyrite, sphalerite,
and gold increase in proportion towards the central area of
the reef, where pyrite is the dominant sulphide. The
sulphide crystals become larger in size with arsenopyrite
and occasionally pyrite being idiomorphic. Gold is present
asinclusionsin arsenopyrite and pyrite aswell asfree gold.
The sulphides have been subjected to both brittle and
ductile deformations. Oxides are also present but with less
abundance, they include ilmenite and rutile.

The transformation from the metabasalt to the ateration
zone can be defined as an increase in gold, sulphides,
quartz, calcite, biotite and chlorite as well as a decrease in
amphibole and albite. This correlates well with the
geochemical data which shows an increasein Au, S, SIO,,
K,0, CO, as well as a decrease in MnO, Ca0, Na,0 and
Al,Os.

The increase in foliation, veining, and geochemical/miner-
alogical variation towards the central area of the Strike
Reef can be directly attributed to an increase in fluid-rock-
interaction.
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The Genesis of M etamor phogenetic Hg-Gold of
the SE Block of Kochkar Gold Deposit,
Southern Ural

Aleksandr Yudin (smtp:usk@deltasp.msk.ru)
Selyatino town, Bilding street, house 34, Russia

Kochkar Ore Field is the largest on the Southern Ural by
amount of extracted gold. The deposit is connected with the
Early Carboniferous Plastovsky dike-like intrusion of
adamellites, which is 35x10x6-8 kmsin size. The intrusion
is broken by the powerful network of fractures and has
blocked structure. Three large tectonic blocks with various
types of the gold mineralization could be distinguished:
Northern Block (NB): ore is poor in sulphides (2 percent),
productive association of minerals: gold + galenit +
tellurides Bi, Pb, Au. South-Western Block (SWB): ore is
poor or moderate in sulphides (3-10 percent), productive
association: gold + galenit + bismuthin + sulphosalts Bi.
South-Eastern Block (SEB): gold ores are enriched by
sulphides (5-10 percent) (galenit, chalcopyrit, pyrit,
tetraedrit, Sb-sulphosalts Pb) and silver. Large Borisovsky
Granite Massive (Late Permian) is situated to the west of
the ore field. All rock and ores of the deposit were meta-
morphized by the thermal influence of the massive. The
parameters of metamorphism correspond the amphibole -
amphibole-horn facies (NB: P 85 to 3 kb, T 600-530°C;
SWB 8.7 to 2.9 kb, 590-520°C; SEB 6.3 to 2.4 kb, 530-
490°C). The south-eastern block is hypabyssal in the type
of mineralization, and less metamorphized. Typical
minerals: Fe-tetraedrit, boulangerit, Bi-jamesonit, rarely
meneghinit, bournonit occur. The native gold is represented
by two types and tightly associated with tetraedrit (fill
intervals between the grains and occurs as visible inclu-
sionsin them). Unmetamorphogenetic gold is composed of
isometric microscopic inclusions up to several mmin diam-
eters in tetraedrit and chalcopyrit; rarely in galenit and Pb-
Sb sulphosalts. Standard of gold islow, less than 800 units.
Composition varies within the single sample or even within
the single grain. Large grains of gold are zoned. Their
nucleuses are rich of Au (Auy,g:A02485CUg ), Margins - Ag
(AU 65A02700CUg26). Low-standard (700 units) metamor-
phogenetic gold fills the cracks and intervals between the
grains of tetraedrit, arsenopyrit and chalcopyrit associated
with Bi-jamesonit. Its composition varies from Hg-gold to
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Hg-electrum. The Hg amount in gold reaches 15%. The
established changes of mercury and silver amounts along a
small crack (AumssAgmzaHgamCUo.w t0 AUz168AJ1623
HO11.46Clogs 10 AUgp 06Tz 74H914.95) testified that mercury
was driven off to colder parts of the block. The powder
depositions of cinnabarit associated with Mg-calcite and
other metamorphogenetic minerals were observed on
cracks walls of the south-eastern block. Thus, mercury
sublimated from more metamorphized ores of the deposit
was fixed inside the cracks of less metamorphized south-
eastern block. It has resulted in origin of the new type of
gold ore with metamorphogenetic Hg-gold as a basic
component.
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The Gondwana Metal- Potential GIS

Nadége Nicol (n.nicol @brgm.fr)?,

Mario Billa (m.billa@brgm.fr),

Braux Christian (c.braux@brgm.fr),

Doucoure Moctar (moctar@cigces.uct.ac.za)?,

Milesi Jean-Pierre (jp.milési@brgm.fr),

Thiart Christien (christie@cigces.uct.ac.za)® &

De Wit Maarten (maarten@cigces.uct.ac.za)’

* BRGM/REM, BP 6009, Orleans Cedex 2, 45060, France

2 CIGCES, Geological Sciences, University of Cape
Town, Rondebosh 7700, South Africa

The Gondwana Metal-Potential GIS is the product of a
collaborative French - South African project between
BRGM and CIGCES. It has been developed using
ArcView(r) GIS (ESRI(tm)) and SynArc(r) (a BRGM
ArcView extension for combining data (Braux, 1997)), and
is available as a stand-alone CD-ROM (Gondwana
Georama).

The GISis agloba geologica and metallogenic synthesis
at 1:10,000,000 scale of the Gondwana supercontinent
reconstructed at 150 Ma. As such it includes Africa, in its
present-day position, Madagascar, India, South America,
Antarctica, Australia and the Arabian Peninsula, and repre-
sentsone third of the world’s continents, and contains about
60% of the world's mineral resources.

The Gondwana Metal-Potentia GIS is based on two main
data layers, that were developed by CIGCES (Wilsher,
1995), and that have been modified and completed by the
joint BRGM-CIGCES project: i) the geology layer, which
contains more than 18,000 informed polygons (age,
lithology, overprint): and ii) the mineral resources layer,
which contains more than 15,000 mineral deposits and
occurrences, each linked to attributes reflecting their metal-
logenic and geologic environments (substances, type,
age...). These main data layers can be broken down into
basic and thematic layers.

The basic layers are represented by four different maps:
i) a small-scale summary geological map highlighty the
Precambrian cratons of Gondwana for large-scale analysis;
i) a medium-scale geological map; iii) a detailed geolog-
ical map showing faults; and iv) a mineral-resources map.
Thethematic layers are represented by several types of map
at the scale of Gondwana: i) a geographical analysis by
element and by associations like Au-Fe-Mn, Cu-Pb-Zn or
Ni-Cr-Sn-W; i) these maps are accompanied by chrono-
logical analysis diagrams; and iii) gold-potentia maps
calculated on the geological polygons or on lithological
contacts.

The Gondwana Metal-Potential GIS has, in particular, been
conceived for academic or industrial research as an aid to
understanding the Gondwana metallogenic provinces.
However, the addition of speciaized realisations, such as
an animation showing the reconstruction of the Gondwana,
also makes it useful as new-technology tool for education.

Braux C Actes de la premiére conférence frangaise des util-
isateurs ESRI - Paris. Collection Hermes, 11 p. (1997).

Wilsher WA, 1995. The Distribution of Selected Elements
within Mineral Deposits throughout Gondwana with
Geodynamic Implications. Ph.D. dissertation, 240 p.
University of Cape Town, South Africa. (1995).
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GISAndes: Mining Districts

Daniel Cassard (d.cassard@brgm.fr),

Jacques Felenc (j.felenc@brgm.fr),

Christian Hocquard (c.hocquard@brgm.fr),
Marc Joubert (m.joubert@brgm.fr),

Jacques Monthel (j.monthel @brgm.fr) &
Jean-Claude Prevot (j.prevot@brgm.fr)
BRGM/REM, BP 6009, Orleans Cedex 2, 45060, France

Mining Districts is one of the 13 layers of GIS ANDES.
The 162 metal mining districts correspond to polygons of
very varied size (from several tens to 1000 km?) contained
within the borders of the seven countries concerned:
Venezuela (5 districts), Colombia (12 districts), Ecuador (8
districts), Peru (54 districts), Bolivia (19 districts), Chile
(34 districts) and Argentina (30 districts).

Seventeen Belts, divided into 32 Sub-Belts independent of
political frontiers and take into account the timewise and
spacewise metallogenic evolutions along the entire Andes
Cordillera, are denoted either by commonly used
geographic or structural names (e.g.. Eastern Cordillera,
Intras:Andean Graben), or by major gitological families
(e.g. Andean Neogene-Quaternary volcanics, porphyry-
epithermal belt), or by a combination of the two (eg.
S-Peru/N-Chile Cretaceous-Paleocene porphyry/epithermal
belt).

The mining districts cover one or more mining centres,
mineral showings and/or prospects and, more rarely, zones
with no known major deposit or showing but with a true
potentia for a certain type of mineralization (e.g. Machu-
Picchu District with a Sn-W-Au potential). The district
nameisthat of its major deposit qualified by the gitological
type or subtype (e.g. Rio Blanco-Los Bronces. porphyry-
epithermal Cu-[Mo]).

The gitological lexicon used in the deposit database
includes:

10 main families characterizing the most common geolog-
ical environments so as to enable syntheses at small scales
(>1,500,000):e.9. C: Ore deposits in an acid and alkaline
plutonic context.

54 major classic deposit types to enable a rapid classifica-
tion and the construction of small-scale (<1,500,000)
predictive maps: e.g. C5: Porphyry and porphyry-related
ore deposits: Cu, Au, Mo, S, Ag, (W, Pb, Zn..).

143 sub-types defined over the past 20 years and taking into
account the latest metallogenic models for the correct
orientation of modern exploration.e.g. C55: Porphyry
wolfram deposit: W.

The district identification sheet includes:

An index comprising the country code and a sequence
number.

The name of the Belt and possibly the Sub-Belt
(cf. lexicon) and that of the District.

A list of the deposits, showings and/or prospects
(cf. lexicon) contained in the district.

The main (max. 3) and secondary (max. 4) economic
substances (cf. lexicon) with the geological reserves (in
tonnes) calculated automatically from the deposit data of
the district.

The gitological family, gitological type(s) and possibly
subtype(s).

The name of the country rock units with lithologic descrip-
tion

Structural control of the mineralization.

The age of the mineralization and country rock.

The description of the District.

The major references.

Cassard, D., 1999. GIS Andes on the WEB:
http://www.brgm.fr/sigand
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GIS Central Europe: The Metallogenic GI S of
Central and South-Eastern Europe

Daniel Cassard (d.cassard@brgm.fr),

Gilbert Stein (g.stein@brgm.fr),

Jean-Pierre Milesi (jp.miles @brgm.fr) &
Andor L. W. Lips (aips@geo.uu.nl)
BRGM/REM, BP 6009, Orleans Cedex 2, 45060, France

GIS Central Europe was designed and initiated by BRGM
in 2000 to be a homogeneous geographic information
system for Central and South-Eastern Europe based on
original syntheses and compilations. It covers an area of
1.7 million km? and extends for some 1750 km from the
West Carpathian Mountains in the west to the Gulf of
Antalya (southwestern Turkey) in the east. Some 15 coun-
tries are concerned by this synthesis, which includes the
Carpathian - Balkan Arc, the Dinarides - Hellenides Belt,
the Rhodopean Massif and Western Anatolia.

GIS Central Europe has been conceived as a tool aimed
primarily at the mining and academic sectors. For the
former it will be an invaluable aid to mineral exploration
and mine development, taking into consideration the envi-
ronmental problems induced by the extractive industry and
its downstream activities. For the latter it will aid in devel-
oping new metallogenic models, and should contribute to
resolving certain R& D problems such as the relationship(s)
between the mineralized belts and collision zones, subduc-
tion zones, therma anomalies, etc., or the structural
controls of the mineralization, or yet again the spatial and
temporal distribution of the paleohydrothermal systems.

GIS Central Europeisthusatool designed both for creating
maps of metallogenic potential - or favorability maps - and
for amore globa approach to metallogeny.

Layer description (see Cassard, 1999)

GEOGRAPHIC: A DCW(r): geographic base DEM: Two
digital elevation models: one oceanic (2' arc) and one conti-
nental (30" arc) with astructural analysis of the topography
IMAGERY: SPOT 4 VEGETATION(r) images at 1x1 km
GEOLOGIC MAP COVERAGE: Present state of geolog-
ical coverage

GEOLOGIC SYNTHESIS: Synthetic geological map at
1:1,500,000 scale and simplified map with morpho-struc-
tural domains and main tectonic elements

VOLCANIC: Data on Holocene volcanism
GEOTHERMAL RESOURCES: Based on inventories at
present being compiled for the EU

GEOCHEMISTRY: Composition and age of magmatic and
volcanic rocks - isotope data

ORE DEPOSITS: Linked to a database under Access(r),
using a new metallogenic lexicon and including mineralog-
ical, fluid-inclusion and isotopic data of the main deposits
GEOCHRONOLOGY: Synthesis of existing data, methods
used, reliability, references, etc. (collaboration with Utrecht
University)

MINING DISTRICTS: Delimitation, magmatic and struc-
tural controls, potential, etc.

HEAT FLOW GRAVIMETRIC: Bouguer anomaly calcula-
tion; isostatic correction and corresponding residual anom-
alies; vertical gradient ...

SEISMIC: Distribution of earthquakes in order to better
constrain crustal structures

MOHO: Depth contour map

TOMOGRAPHY: 3D model of the lithospheric structure
(collaboration with Utrecht University)

SOCIAL AND ENVIRONMENTAL FACTORS

Cassard, D., 1999. GIS Andes on the WEB:
http://www.brgm.fr/sigand
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GISAfrica: A 1: 2,000, 000-Scale Tool for
Sustainable Development

Jean-Pierre Milesi (jp.milési@brgm.fr),

Jean-L ouis Feybesse, Patrice Pinna &

Yves Deschamps

BRGM/REM, BP 6009, Orleans Cedex 2, 45060, France

A Geoscience GIS of the African continent was launched as
a scientific project by BRGM in 1998. Its purpose is to
exploit, at a synthesis scale of 1:2,000,000 suitable for
sustainable development, the large amount of excellent-
quality, but commonly scattered, data concerning the Earth
sciences (geology, mineral and water resources, etc.) in
Africa. GISAfricabegan with the construction of (i) ameta
data GIS, known as GEOCARTE, containing information on
the availability of public sector map coverages, and ii) aGIS
dedicated to the geology and mineral resources of central
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Africa. Both these GISs will be demonstrated. GIS Africa
will fill agap between the very general global syntheses put
out by the International Agencies and the very detailed
(1:50,000- to 1:1,000,000-scale) geological and mining
documents produced by the different countries. The
1:2,000,000 scale of he GIS is suitable for an objective
comparative analysis of regional potential. The project aims
to produce digital ‘sansfrontiers’ syntheses at regional scales
that will provide an intermediate step to accessing the
detailed documents of the different countries by highlighting
the specificities of each State's potentia. The GIS empha
sizes (i) certain ‘metalliferous peaks’ that represent ‘flash’
marker levels within the geological time scale, and (i) the
Precambrian collision belts, accentuating the role of the fore-
lands, which host world-class meta deposits (Au, Mn), and
the emplacement of different types of mineralization at
precise periods in the geodynamic evolution of these belts.
The GIS's updated and homogenized data are stored in rela
tional databases under Access97(r) and include more than 60
specifically adapted lexicons and glossaries. Data extraction
is through Maplnfo(r), Arcinfo(r), ArcView(r), etc., and
processing is by SynArc(r). The GIS GEOCARTE provides
information (metadata) -type, author(s), date of publication,
scale, format, publisher, owner, etc.- concerning
5000 public-sector maps; these represent about 90% of the
geological maps and 50% of the mineral-resource and hydro-
geological maps of Africa. The GEORAMA version of GIS
Africa, which uses Geokiosk(r) (ESRI France), enables both
thematic (geology, hydrogeology, mineral resources) and
geographic (by country or town) searches. The progress of
the digital regional syntheses at 1:2,000,000 scale will be
presented along with a demonstration of the GEORAMA
version of the GIS relative to central Africa. and showing (i)
a harmonized and georeferenced geology layer integrating
data from the geology polygons and fault vectors and
designed to display the stratigraphic structure of the forma-
tions combined with their depositional environments, (i) the
boundary ‘matches’ that enable geological marker forma-
tions to be followed across different countries, and (iii) the
major mineral deposits (classesA, B and C).
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SignateX:
A Deposit-Model Base for Mineral Exploration

Vincent Bouchot (v.bouchot@brgm.fr),

Claudy L educ (c.leduc@brgm.fr),

L ouis Viallefond,

Frangois Xavier Vaillant (fx.vaillant@brgm.fr),
Geor ges Delpont (g.delpont@brgm.fr),

Yves Deschamps (y.deschamps@brgm.fr),
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BRGM/REM, BP 6009, Orleans Cedex 2, 45060, France

SignateX is a deposit-model base developed under Oracle
by BRGM, the French Geological Survey. It contains
models of metalliferous and other (gold, PGE, base metal,
kaolin, etc.) deposits that are considered as classic or emer-
gent. The models are grouped into major deposit families
(Table 1) for which the classification is based on a
reasoning that takes into account the substance, the geody-
namic context of the mineralization (epigenetic versus
syngenetic) and specific regional characteristics.

Family: Epithermal gold deposits Model type: low-sulfi-
dation type gold Model subtype: Tertiary low-sulfidation
type gold of the Andes Cordillera.

Family: Base-metal deposits associated with volcanogenic
massive sulfides (VMS) Model type: VMS hosted by a
Phanerozoic bimodal series Model subtype: Devonian-
Dinantian VMS of the South Iberian Province.

Table 1: Classification of deposit modelsin the SignateX base

Each deposit model is composed of a set of metallotects
suited to the different magjor exploration stages, i.e. geolog-
ical objects (veins, faults, granite cut by veins, etc.) that can
be used as pathfinders in the search for mineral deposits or
favourable prospects. Each metallotect is characterized by
a range of specific signatures obtained through adapted
exploration tools in the fields of geology, geophysics,
geochemistry and remote sensing.

The SignateX baseisthusi) a decision-aid tool for mineral
resource exploration because it contains pertinent informa-
tion concerning the model deposits and the suitable
approaches for their exploration, and ii) a deposit predic-
tion-aid tool in that the SignateX deposit model can be
exported to a GIS dataset for predictive mapping.
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Mineral Resourcesin the Central Part of the
Serbo-Macedonian Metallogenic Province
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* Goce Delcev 89, 2000-Stip, Macedonia

2 Djusina 7, 11000-Belgrade, Yugoslavia

In the Serbo-Macedonian metallogenic province have been
enclosed mineral deposits formed in the area of confronta-
tion of Dinarides and Karpatho-Balkanides during the
period of closure of Vardar-anadolian ocean (one part of
Tethys) at the end of Jurrassic. Spatialy, metallic mineral
depositsin this province, were deposited in the eastern and
northeastern margins of Dinarides, Vardar zone and Serbo-
Macedonian province. These deposits take place between
Dinaride metallogenic province on the west and Karpatho-
Balkanian metallogenic province on the east. To the south,
Serbo-Macedonian metallogenic province continues in
Macedonia, Greece, Turkey, partly in Bulgarian Rhodopes,
while to the north this province dive under Panonian sedi-
ments and in the northwest direction can be followed up to
the Alps. In the group of the endogene mineral deposits,
dominate Pb-Zn and Sb deposits, also important are Cu,
Au, Ag, Bi, Cd, Mo, partly Fe and Mn, very specific are Tl
and Aswhile U, W, Sn and Hg deposits are very rare. Inthe
crust of weathering on the serpentinite, important are: Ni,
Fe, Fe-Ni and Mg. In the shale rocks very important are
boxites (Al) while in the unconsolidated sediments impor-
tant are Au, Sn and locally Nb-Ta deposits. With tertiary
subvolcanic-hypoabyssal intrusions of calc-alkaline
magmas are connected numerous deposits and occurences
of metallic minerals (Pb, Zn, Sb, Cu, Mn etc.).
Economically important are: (a) Zone of magmatic
complexes localized through unstable northern, north-
eastern and eastern margin of Dinarides and ophiolites of
the Vardar zone. (b) Zone of magmatic complexes, located
in deep dislocations in the middle part of Vardar zone near
by ophiolites (serpentinites). This zone is starting from
Fruska Gora on the north and goes through Slavonia-
Sumadija (metallogenic zone), Kopaonik (metallogentic
zone) up to the Macedonia on the south. In this zone are
present economically very important Pb-Zn deposits.
(c) Zone through the regional dislocations on the western
margin of the SMM with occurences of magmatic
complexes that can be followed from Crni Vrv on the north,
through Lece and Novo Brdo up to the Bucim in
Macedonia on the south. Metallic mineral deposits are
located in some settings in Serbo-Macedonian massif,
mesozoic terraines western from SMM and in magmatic
complexes. There are known two more subparalel zones:
Tupal dislocation, localized through the western margin of
SMM and Vardar zone, characterized by serpentinites and
more eastern Merdar dislocation. Through Tupal disloca-
tion were formed smaller magmatic complexes connected
with formation of the ore field Sijerinska Banja and ore
field Bujanovac. To this structural and magmatic zone
belongs Zletovo magmatic complex. (d) Metallogenic zone
of Besna Kobila-Osogovo is also very important regarding
metallic mineral deposits. In this metallogenic zone are
located numerous magmatic complexes (Surdulica grani-
toide massif and numerous, small intrusions of dacito-
andesites and quartzlatites) and (para) genetic
mineralizations of Cu, Pb-Zn, W, Au, U etc., connected to
them.
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Structural Classification of Microscopic Gold in
Orogenic Au Deposits from Sudetes —
The European Variscan Belt

Stanislaw Mikulski (smik@pgi.waw.pl)
Polish Geological Institute, Rakowiecka 4, 00-975
Warsaw, Poland

Studies in reflected light and microprobe investigation of
gold-bearing polymetallic ores and quartz veins from
Phanerozoic orogenic gold deposits located in Sudetes
allowed to elaborated the classification of microscopic gold
(‘visible gold’). Microscopic gold is divided into 7 main
groups (1- Au inclusions in sulphides; 2- Au inclusions in
sulphides in association with other sulphides; 3- Au in
microfissures; 4- Au on sulphides surface; 5- Auiin caverns;
6- Au as a free gold; 7- Au within pseudomorphoses) and
19 subgroups (1a- monomineral Au inclusionsin sulphides;
1b- polyminera inclusions of Au with Ag, Te or Bi
mineralsin sulphides; 1c- mono- and polymineral Auinclu-
sions within sulphides; 1d- pole inclusions of Au and Bi
minerals in sulphides; 2a- Au inclusions between B
sulphide hosted by A sulphide; 2b- Au inclusion in B
sulphide formed inclusion in A sulphide; 2c- Au between B

and C sulphide inclusions hosted by A sulphide; 3a- Au
within microfissures in sulphides; 3b- Au in sulphides
veinlet cuts sulphides; 3c- Au microveinlets in cataclased
sulphides; 3d- Au in quartz *carbonates veinlet cuts
sulphides; 4a- Au between sulphides; 4b- Au intergrowth
with sulphides; 5a- Au within cavern in quartz; 5b- Au in
voids within sulphide; 5¢c- Au in caverns within mining
slugs; 6a & 6b- individua Au grains (‘free gold’) in rock
with/not electrum; 7a- Au in pseudomorphoses after
primary sulphide.

The microscopic gold indicate also for Au redistribution
from its primary concentration within arsenic mineras
(‘invisible gold’). In the most studied cases at least two
generations of microscopic gold occurs: the oldest one as
inclusions in sulphides (first generation) and younger
within microfissures of ores mineras, in veinlets or as a
free gold distributed in voids (second generation). The
successions of microscopic Au generations are correlated
with regional tectonic events. In weathered zones of Au-
bearing sulphide deposits, the youngest generation of
microscopic gold within Fe-oxides pseudomorphoses
appear.

Native gold, electrum, and less common maldonite are
representing Au minerals. They are in close association
with Bi minerals (native bismuth, bismuthinite) and/or with
Te minerals (hessite, tellurobismutite, hedleyite, pilsenite).
Native gold beside Ag and Bi admixtures may contains Te,
Cu and Se traces.

Mikulski SZ, Przeglad Geologiczny, 48, 911-916, (2000).
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Hosted, Epigenetic Gold Mineralisation at
Ajjanahalli, South India
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Ingtitute for Mineralogy and Economic Geology, RWTH
Aachen, Wuellnerstr. 2, 52056 Aachen, Germany

The Ajjanahalli gold mine is located 80 km to the south of
Chitradurga at the eastern margin of the Chitradurga green-
stone belt. It is part of the south Indian Dharwar Craton.
The belt mainly consists of volcanics, both clastic and
chemical sediments of the Chitradurga Group and is
rimmed by the Peninsular gneiss.

Six benches of the open cast were mapped and structural
data were collected to clarify the genesis of the deposit.

The following lithological sequence was recognised during
field work. Metabasalt (MORB) was found at the base of
the succession. It is overlain by phyllites and oxidic BIF.
Quartz-sericite schists are at the top.

Metabasalts consist of actinolite, abite, calcite, and chlo-
rite; phyllites mainly of sericite and chlorite; quartz-
sericite- schists of quartz, sericite, chlorite and detritical
plagioclase and ilmenite. Therefore, lower greenschist
facies metamorphism is evident. BIF is showing
mesobands of magnetite and quartz.

Careful structural mapping has shown, that the whole
succession is folded into an anticline. Fold axes of second
order isoclinal and chevron folds are dipping moderately to
the north. To the east of the deposit, sheath folds are devel-
oped in an oxidic BIF horizon. The direction of long axes
of this folds indicate a strike slip shear zone. In the anti-
clinal structure ferrous carbonates and sul phides are associ-
ated with gold and are replacing primary magnetite. Only
where both suitable structures and lithology are present,
economic gold mineralisation can be expected. This indi-
cates an epigenetic nature of gold mineralisation.

However, a syngenetic model for the gold mineralisation at
Ajjanahalli, including the development of sulphide and
carbonate facies BIF, was proposed by some authors
(Hussain et a., 1996, Khan et a.,1996). Exploration for
gold on this background has caused problems in order to
define possible targets.

The change in the genetic model made it necessary to
develop a 3-D model of the orebody. The relationships
between structure and mineralisation were visualised
giving a better understanding for mining and planing
further exploration activities.
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The Vlaikov Vrah porphyry copper deposit islocated in the
southern part of the Panagyurishte district, Srednogorie
metallogenic zone, Bulgaria. The deposit is associated with
granodiorite to quartz diorite porphyry which is intruded
along the contact of rocks from the Elshitsa volcanic field
(andesites, dacites, breccias and tuffs) and the Precambrian
(?) metamorphic and Palaeozoic granitic basement. The
intrusion extends in a subequatorial direction and is inter-
sected by later dacitic dykes. The vein-like and dissemi-
nated copper ore mineraization is hosted by all rock types.
The mineralization is accompanied by both - K-silicate and
phyllic alteration. Molybdenum was deposited at a very
early stage in the evolution of the hydrothermal system,
followed by copper. The studied mineralization occursin 5
to 10 cm wide veinlets, crosscutting late-magmatic aplite-
pegmatitic veins and the granodiorite. It consists of quartz,
molybdenite, titanite, ru