




















Which concerns the contemporary hydro-
thermal systems, IlerpoB (1977) emphasizes
on the fact that they occur in areas with tec-
tonic and volcanic activity, but also in areas
without magmatism. In Bulgaria, thermal wa-
ters are found hosted in magmatic, metamor-
phic and sedimentary rocks. They have high
negative values of 8 O as well as 6D and the
interrelation between them shows the atmo-
spheric waters as the main component in their
forming.

The epithermal Ag-Au deposit Faride
(Chile) is of adularia-sericite (low-sulfidation)
type. It is suggested that the thermal evolution
is responsible for the origin of two stage of min-
eralization. The first one is rich in gold, and
the second one in silver. Beside many other
conclusions, Camus and Skewes (1991) clear-
ly show that the mineralogical peculiarities in
the zone of oxidation directly reflect the distri-
bution of the two types of primary ores. The re-
distribution of Au, Ag, Cu, Pb, Zn in the zone
of oxidation depends on the Eh-pH conditions
and the crucial role of the supergene mobility.

Based on the numerous examples hereafter
it is suggested that the endogene and super-
gene systems of the epithermal occurrences in
many cases could be observed as an integrity.
The last can be adopted as unanimity between
the natural datum and the human perception
(thinking). The main criteria for the forming
and existence of the endo-supergene metaso-
matic system are:

e spatial compatibility;

e dependence between endo- and superge-
ne mineralizations;

e presence of metasomatic replacement and
indications for a metasomatic zonation;

e common structural-tectonic agents;

e geomorphological and climatic agents.

The supergene part of the system can be
complicated by the influence of some biogenic
or technogenic agents.

Models of some endo-supergene
metasomatic systems of epithermal
ore deposits and mineralizations
of acid-sulfate

and adularia-sericite types

On the relatively small territory of Bulgaria nu-
merous epithermal occurrences are found
(Fig. 1). Most of them are located in the Sredno-
gorie and the Rhodopes. Only two occurrences,
one of each type, are established in the West
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Balkan. The relation of most occurrences to the
Alpine magmatism is clearly expressed.

Based on Bulgarian examples (Figs. 2, 3)
some new models for the origin of the epi-
thermal mineralizations are proposed. They
are based on the hypothesis for a single endo-
supergene metasomatic system occurring in
the epithermal deposits. As it has already been
mentioned an epithermal ore deposit is formed
at shallow depth (1-2 km), temperatures be-
tween 150-300°C and low pressure. Based on
the existing evidences I accept the thesis for
the mixed character of the solutions. Follow-
ing the endogene ore deposition, depending on
the existing environment, like tectonic re-
working, depth, geomorphological and cli-
matic conditions, starts the supergene alter-
ation of the ores and rocks. A decisive role for
it have the access of oxygene and the acidity of
the mixed solutions. After some examples from
many presently active geothermal fields, it is
admittable that the supergene mineral-form-
ing starts to operate even during the endogene
ore deposition. The supergenesis lasts longer,
depending on the conditions and level of orga-
nization of the mineral subtract. Supporting
this suggestion are the numerous cases of re-
cent mineral-forming.

A good example for a supergene mineraliza-
tion is the gold-base-metals epithermal deposit
Chala (Kynos, 1999). In this deposit the phos-
phates, sulfates, silicates and hydroxide miner-
als are dominating. Their distribution outlines
a relatively well expressed zonation, which is
complicated along faults, some of them being
long-living. The studies of Kynos (2001) allow
the determination of some features of horizon-
tal as well as vertical zonation.

In Bulgaria, most of the epithermal occur-
rences of acid-sulfate type do not possess a sig-
nificant richness of supergene minerals, when
compared to those of the low-sulfidation type.
The caolinite-alunite occurrence Klisoura
(Benunos, 1971, 1973; Kynos et al., 2001) has
a well expressed supergene zone. Its main fea-
tures are the limited number of supergene min-
erals, the broad and almost all over occur-
rence of kaolinite, some zones with montmo-
rilonite and jarosite.

These two examples of occurrences of both
acid-sulfate and adularia-sericite type in Bul-
garia as well as the numerous worldwide data
from epithermal and porphyritic occurrence
suggest:

e the conditions where the deposit is formed
and the respective minerals determine the type
of the mineralization;



SERBIA and MONTENEGRO

B Acid-sulfate type deposits
= Acid-sulfate type occumrences

@ Adularia-sericite type deposits
e Adularia-sericite type occurrences

Fig. 1. Distribution of epithermal acid-sulfate and adularia-sericite type deposits and occurrences in Bulgaria (after
Benunos and Kynos, 1996 and Kysos et al., 2003 with additions)

1 — Ignatitsa; 2 — Osenovlak; 3 — Krousha; 4 — Pishtene; 5 — Gourgoulyat; 6 — Breznik; 7 — Zlatousha; 8§ —
Klisoura; 9 — Chelopech; 10 — Asarel; 11 — Byalata prust; 12 — Krasen; 13 — Petelovo-Borova mogila; 14 —
Pesovets; 15 — Radka; 16 — Chervena mogila; 17 — Elshitsa; 18 — Tsar Asen; 19 — Bakadzhik; 20 — Hadzhiite; 21 —
Zidarovo; 22 — Alefo toumba, Sharlan bair; 23 — Kavatsite; 24 — Dyuni; 25 — Ropotamo; 26 — Stomanovo; 27 —
Novakovo; 28 — Tri mogili; 29 — Gabrovo; 30 — Surnitsa-west; 31 — Surnitsa; 32 — Sirakovo; 33 — Spahievo with
Chala; 34 — Sousam; 35 — Svetlina; 36 — Bryastovo; 37 — Boukovo (Pilashevo); 38 — Ramadansha chouka; 39 —
Stremtsi; 40 — Obichnik; 41 — Zvezdel; 42 — Sedefche; 43 — Surnak; 44 — Ada tepe; 45 — Lensko; 46 — Rozino; 47
— Popsko; 48 — Chernichino; 49 — Madzharovo (Shish tepe, Gyurgen dere, Chatal kaya); 50 — Gaberovo; 51 —
Gornoseltsi; 52 — Kamilski dol

supergene alunite: hv — Haidushki vruh; gr — Golyama Rakovitsa; gm — Gramatikovo; zh — Zhablyano; ob —
Obichnik

superposed adularia-sericite type on listwaenites (Yamkite)

e the type of the mineralization (low or high
sulfidation) is not the only one agent determin-
ing the mineral composition of the supergene
part of the endo-supergene system;

e together with the climate, waters, geomor-
phological and erosional level, of peculiar im-
portance for the supergene mineral-forming is
the mineral composition of the primary ores.

e the supergene mineralization is of essen-
tial importance for the prospecting of unex-
posed ore mineralizations. It is not only an in-
dicator about the ores at depth, but is also in-
dicative for the expected ore mineralizations.

In support to these suggestions the next ex-
amples may be provided:

6 Geologica Balcanica, 3-4/2003

e the ore show Klisoura and the Chelo-
pech deposit (acid-sulfate type) and Asarel
(porphyritic type) have different supergene
zones;

e the diversity of supergene minerals in the
Asarel deposit (malchite, azurite, native cop-
per, chrisokola, broshantite, chalkantite,
melaterite, etc.) (bormanos, 1981; Tokmak-
yuesa, 1994) is due to the presence of ore bod-
ies (with pyrite, bornite, chalcopyrite, arseno-
pyrite, galena, sphalerite, tennantite-tetraedri-
te, enargite, molibdenie, etc.), located close to
the surface;

e on the other hand, the Chelopech deposit
(Tepsues, 1968; Bormauos, 1981; IleTpyHos,
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Fig. 2. Schematic model of endogene-supergene system of acid-sulfate (high-sulfidation) type epithermal gold and
gold-bearing deposits and occurrences (with some elements of models of Hedenquist and Lowenstern, 1994;
Hedenquist et al., 1996; Fournier, 1999; Chavez, 2000 and others).

Symbols: Ab — albite ; Ad — adularia; Ag — native silver; Alu — alunite; Ame — amethyst; And — andalusite; Ang
— anglesite; Anh — anhydrite; Ank — ankerite; Ap — apatite; Aspy — arsenopyrite; Azu — azurite; Au — native gold;
Aug — augite; Auge — augelite; Ba — barite; Bea — beaverite; Bis — bismuthinite; Bor — bornite; Bt — biotite; Bro —
brochantite; Ca — calcite, carbonates; Cac — cacoxenite; Cer — cerussite; Ch — chalcanthite; Chd — chalcedony;
Chl — chlorite; Chlap — chlorapatite; Chpy — chalcopyrite; Chs — chalcocite; Chsi — chalkosiderite; Chry —
chrysocolla; Cor — corkite; Coru — corundum; Cov — covellite; Cri — cristobalite; Cu — native cuprum; Cup —
cuprite; Di — diaspore; Dic — dickite; El — electrum; En — enargite; Ens — enstatite; Ep — epidote; Eps — epsomite;
Fau — faustite; Flap — fluorapatite; Flo — florencite; Ga — galena; Ge — geocronite; Get — goethite; Gi — gibbsite;
Gyp — gipsum; Hal — halotrichite; Hem — hematite; Hsd — hinsdalite; Hl — halloysite; Hs — hydromica; Il — illite;
Jar — jarosite; K-Fs — K-feldspar; Kl — kaolinite; Kts — ktenasite; La — landesite; Lab — labradorite; Laum —
laumontite; Lus — lusonite; Mal — malachite; Mar — marcasite; Mel — melanterite; Mntm — montmorillonite; Mol
— molibdenite; Ms — muskovite; Na-Alu — natroalunite; Nit — niter; Op — opal; Osa — osarizawaite; Pic —
pickeringite; Pbgm — plumbogummite; Pljar — plumbojarosite; Pr — prehnite; Pum — pumpellyite; Pyr — pyrite;
Pyrm — pyromorphite; Pyro — pyrophyllite; Pyrt — pyrrhothite; Q — quartz; Roz — rozenite; S — sulfur; Sco —
scoradite; Sel — selenides; Ser — sericite; Sid — siderite; Sm — smectite; Smi — smitsonite; Som — szomolnokite;
Sph — sphalerite; Sulfs — sulfosalts; Sv — svanbergite; Te — tellurium; Tel — telurides; Ten — tennantite; Tetr —
tetrahedrite; To — topaz; Tri — tridymite; Tur — turquoise; Var — variscite; Ver — vermiculite; Viv — vivianite; Wav
— wavellite; Wh — woodhouseite; Zun — zunyite
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Fig. 3. Schematic model of endogene-supergene system of adularia-sericite (low-sulfidation) type epithermal gold
and gold-bearing deposits and occurrences (with some elements of models of Hedenquist and Lowenstern, 1994;
Hedenquist et al., 1996; Fournier, 1999; Chavez, 2000 and others)

1994; Popov et al., 2000; etc.) is a deposit with
a very rich primary mineral composition. In
this deposit four minerals have been found for
the first time: kostovite (Terziev, 1966),
hemusite (Terziev, 1971); stibicolusite (Cnupu-
noHos et al., 1992) and germanocolusite (Cniu-
punonoB et al., 1992). The supergene mi-
neralization does not correspond to the rich-
ness of endogene minerals. Most probably it is
due to relatively big depth where the ores are
located.

Based on the above observations, the nega-
tive evaluation of the prospectives of some ore
shows like Klisoura (Western Srednogorie)
needs further estimations. This concerns espe-
cially the prospectives at depth as well as the
gold content on the surface. Some similarities
between Chelopech and Klisoura from surface
data is probably not casual. Therefore, the ore
show Klisoura should be considered as a pro-

spective target during further exploration
works.

Data from the low-sulfidation deposit Obi-
chnik (Kunov et al., 1994) and Chala (KyHos,
1999) support the idea that different in type
epithermal deposits may have similar super-
gene minerals. Both deposits have jarosite and
turqoise in their supergene zone. However,
same minerals are also found in the supergene
zone of the acid-sulfate occurrence Rama-
danska Chouka as well as the base-metals
epithermal deposits Bryastovo from the Spa-
hievo Ore Field (KyHos et al., 1996).

Numerous published data give evidences for
some supergene minerals which correspond to
precise endogene minerals (CmupuoB, 1951;
Chavez, 2000; Camus and Skewes, 1991; etc.).
This conclusion may be used for the grass-root
exploration of different mineralizations. Benu-
HoB et al. (1970) concluded that the presence
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of chalotrichite and melanterite in the ore
show Krousha is an indirect indication to ex-
pect unexposed pyrite bodies. Thus, the pres-
ence of jarosite in the supergene zone suggests
the presence of pyrite (pyrrhotite, marcasite) at
depth. Instead, the presence of plumbojarosite
may be connected to a galena mineralization.
To determine the protolite of the jarosite of
main importance is the content of Al, which
suggests the occurrence of alunite and pyrite.
Such an example are the biverite and
osarizavaite developed at the expenses of ga-
lena from the Chala deposit (Kunov and
Petrov, 2001). The broadly occurring mala-
chite and azurite are traditionally related to
the presence of copper mineralizations. The
turqoise found by Kynos (1986) motivated the
drilling and further discovery of the Bryastovo
base-metals deposit. The steady presence of
some supergene minerals of Fe and Mn also
reflect their capability for migration. The rela-
tion between the supergene mineralization and
the gold as well as other precious metals, espe-
cially the platinium is more complicated. Such
conclusions should be used very carefully as
an exploration tool, because in the supergene
zone new minerals may have different origin,
including biogenic and technogenic one.

One of the main peculiarities of the superfi-
cial parts of the epithermal mineralizations is
the fact that in them interfinger supergene
minerals from the zone of oxidation as well as
supergene minerals formed from the rock
weathering, independently from the ore miner-
alizations, such as clays, hydromicas, mixed-
layered minerals, etc. Usually the silicates are
better preserved during the supergenesis, being
more stable.

Out of doubt, the proposed models of the
acid-sulfate as well as adularia-sericite type
may be further developed. They are based on
the so far available data from Bulgarian ex-
amples. These models reflect the dependence
between the geochemistry and the mineral
composition of the primary and the supergene
products. The role of the tectonic and neo-
tectonic processes may not be shown directly,
but it is obvious that they are an important
agent for the migration of both elements and
fluids. An indirect indication for their role are
the zonation and the higher mineralization in
some areas.

Both models include also some elements
from the models of Hedenquist and Lowen-
stern (1994), Hedenquist (1996), Fournier
(1999), Chavez (2000). They consist of two
parts, endogene and supergene with the re-
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spective metasomatic zonation. The vertical
columns reflect the presence of a mineral in
the different metasomatic types, and also the
established or probable cases of convergence.
It is also possible to follow the different stages
of evolution of the single minerals, during the
endo-supergene processes. The right part of
the models shows the morphological types of
the gold mineralization, as well as its relation
to some accompanying hydrothermal miner-
alizations.

Despite the similar general features of the
gold mineralizations of both epithermal types,
each one displays its own specific characteris-
tics. This clearly shows the diversity of the
natural processes and the impossibility to cre-
ate a universal model.

Conclusion

The hypothesis for the existence of an inte-
grated endo-supergene system as any one hy-
pothesis contains facts and suggestions. It is
well known that a hypothesis may be true only
from a logical point of view. The theory differs
from it by its factual authenticity.

Some debatable points of the proposed hy-
pothesis could be the cases where a significant
gap in time between the primary and super-
gene mineralizations is established. However,
in such cases as supergene proccss~s are usu-
ally accepted to be only the recent ones, but
those acting simultaneously with the endogene
ore forming have so far been neglected. The
recent geothermal and hydrothermal volcanic
systems are the best proof of the simultaneous
occurrence of both endo- and supergene pro-
cesses. The integrity of both processes is al-
ready recognized with the admission of the
mixed character of the fluids, the convection
and the participation of meteoric waters as
well as atmospheric oxygen together with mag-
matic products into the forming of the endo-
gene epithermal deposits.

The proposed hypothesis as any one hypoth-
esis is debatable. However, it is also supported
by evidences from porphyritic systems, where a
transition between hypogene and supergene
mineralization was already suggested by
Sillitoe (1973) who wrote: “If it is correct to as-
sume that porphyry systems crop-out at sur-
face, then supergene alterations of their upper
part might be expected to commence immedi-
ately upon cessation of hypogene mineraliza-
tion. Moreover, the interaction of magmatic
and meteoric fluids above the potassium sili-



cate altered core during mineralization sug-
gests that hypogene effects may well be transi-
tional to supergene ones..

A further possibility during the initial stages
of supergene alteration of a porphyry copper
system is the leaching of copper from uncon-
solidated ashes by acid solutions and its disso-
lution from sublimates by rain water with sub-
sequent precipitation of the copper at deeper
levels, perhaps aided by hydrogen sulfide in
late stage volcanic gases.”

The conclusions of Sillitoe may also be di-
rectly applied to the epithermal systems.

Based on the published evidences and per-
sonal studies some major conclusion are made:

e The definition of a endo-supergene system
is based on real facts. Some cases of absolute
dating showing a significant gap between the
primary and supergene mineralizations may
be due to the late initial of the supergene part.
This may be interpreted as a discontinuance in
time. However, other interpretations like a sub-
jective including in the supergene system of
minerals not related to it or formed at the ex-
penses of minerals and rocks not belonging to
the endogene systems may not be excluded.
The recent geothermal and hydrothermal vol-
canic systems are the best proof of the simulta-
neous occurrence of both endo and supergene
processes.

e In equal condition the. primary mineral
diversity is the main precondition for the abun-
dance of supergene minerals. It is very impor-
tant, that some characteristic minerals for
both type, alunite and kaolinite for the high
sulfidation and adularia and carbonates for
the low-sulfidation, can be found in the oppo-
site type. However, in such cases they are al-
ways imposed, being deposited by younger pro-
cesses. The alunite originates from acid meta-
somatose, caused by hydrothermal processes,
superficial forming of acid-sulfate waters and
after weathering and decomposition of sulfide
minerals. In cases of imposing over low-
sulfidation alterations the alunite is mainly of
supergene origin. The so far known occur-
rences of hydrothermal alunite are quite a few,
but theoretically such opportunity may not be
excluded. When adularia is imposed over al-
terations of high-sulfidation type no alterna-
tive option to its hydrothermal origin exist, as
its forming in supergene condition has never
been proven.

e Some preliminary data suggest that min-
eralizations from both types may have quite
similar supergene zones. The single deposits
possess their own peculiarities and for the fea-

tures of the supergene zone of main impor-
tance are the primary mineralizations.

e The magmatic source has direct influence
over the evolution of the endo and supergene
processes. Some of its features, like the potas-
sic or sodic tendency reflect also in hydrother-
mal and supergene metasomatic processes.
Such role have for example played the arsenic
and the phosphorus respectively, in the Stara
Planina and the Rhodope Zone, where a
strongly differentiation of respectively arsen-
ates and phosphates is established.

e For both types of epithermal mineraliza-
tions the host rocks are of main importance for
the supergene zone. This is well shown by the
most frequent occurrence of phosphate miner-
alizations in the Rhodopes, where the primary
rocks contain sufficiently apatite.

e Observing the endo- and supergene parts
as belonging to an integrate system provides
some opportunities to use the supergene part
or some of its elements as indicators in pros-
pecting of endogene ores and/or their estima-
tion as separate raw-materials.

e The conditions in which the ore mineral-
izations and especially their supergene zones
are formed, their near surface location and in-
teraction with the ground waters suggest their
influence over the ecosystems.

From such a point it is very important to
know the endo- as well as supergene parts of
the system, the forming of supergene minerals
(sulfides, oxides, hydroxides, silicates, phos-
phates, pospho-sulfites, sulfites, arsenites, car-
bonates, etc) which result from the decompo-
sition of the endogene rocks and minerals,
their solubility and physico-chemical steadi-
ness, the transport and discharge of elements,
harmfulness, etc. At the same time it should be
mentioned, that some Bulgarian occurrences
of acid-sulfate type have enough reserves of
alunite. From the last, based on a wasteless
technology can be produced a product, which
can be used as a coagulant for the purifying of
the potable and waste waters.

The acid-sulfate (low-sulfidation) and adu-
laria-sericite (high-sulfidation) deposits are a
main source for economic commodities. They
are also a very interesting subject for studies
and modelling. The broad occurrence of both
types in Bulgaria allows not only to extend fur-
ther their studies (Benunos, 1995), but also to
reconsider some already acquired knowledges
on them. The hypothesis for an integrate endo-
supergene system is a step towards the begin-
ning of a new view in their investigation and is
a prerequisite to expect other new and optional
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ideas. Together with the studies on the
epithermal systems some problems of the min-
eral convergence may also found their solu-
tion, thus limiting the domain of uncertainty
and indefiniteness (KyHoB and Beaunos,
1998). Without exaggerating the opportunities
for discovering a large gold deposit in Bul-
garia, a new untraditional view on the
epithermal mineralizations may significantly
increase the ore potential of the country.
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