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Abstract :

The Erdenetiin ovoo deposit in the Bulgan Aimag of Mongolia is the largest copper

producer of the nation. According to the information available, the deposit is of porphyry type
and controlled by complicated combination of structure, magmatic and geochemical factors. In
the mineralized area widely outcropped are two types pf porhyryies: (1) Selenge Comple of Per-
mian time (270-240 Ma) and (2) Triassic Erdenet Complex. The mineralization is related geneti-
cally and spatially to the Erdenet Complex. Sericite alteration of the deposit shows the K-Ar age
between 210 and 190 Ma. The ore-bearing porphyries intruded rhythmically into the Selenge Com-
plex. Sulfur isotopic compositions of sulfides exhibit bimodal distribution but satisfactory expla-
nation for this phenomenon has not proposed yet.

1. Introduction

The literatures available on the Erdenetiin ovoo
deposit for western researchers are scarce although
the deposit has been famous as largest copper pro-
ducer in Mongolia (Fig. 1). One of the reason for this
is that they appear in Russian in local publications.
Thus the authors have listed up the information on
this deposit mainly from Russian text books. The
summary of these articles are stated in this note. As

ore genesis of Erdenetin ovoo is complex and no
data of high quality are available at present, this
note aims only to show representative view on the
deposit and does not necessarily discuss the detail of
the mineralization and alteration.

The Erdenet area is located in the northern part of
central Mongolia (Fig. 2). Many ancient pits were
seen before the open-pit mining, from there native
copper and turquoise were exploited possibly by
small-scale miners. The first survey of the Erdenetiin

Fig. 1 Open-pit of the Erdenet mine.
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Fig. 2 Copper-molybdenum metallogenic belts of Mongolia (Sotnikov ef al., 1984).

Star indicates the location of Erdenetiin ovoo.

1-3: Upper Paleozoic orogenic belts (1: Northern Mongolia volcanic belt, 2 : Central Mongolia volcanic
belt, 3: Southern Mongolia volcanic belt), 4 : Intrusions of adamellite-granodiorite, 5: Intrusions of gabbro-
monzonite, 6: Erdenet-Tsagaan Subarga ore concentrating zone, 7: Copper-molybdenum deposits and oc-

currences.

ovoo field was done by Ushakov and Agomalyan in
1963 but they did not publish the result. They pointed
out a possibility of existence of stockwork type cop-
per deposit, and recommended for farther explora-
tion. In 1977, the exploitation of the Erdenetiin ovoo
deposit was started by open-pit mining. Recently, the
oxidized and leached zone has been taken out, and
the secondary sulfide enrichment zone is being recov-
ered. After 1977, the information of the Erdenetiin
ovoo can be found in many literatures: Sotnikov and
Berzina (1985) and Sotnikov et @l (1979), Sotnikov et
al. (1981), Sotnikov ef al (1984), Sotnikov and Berzina
(1985), Gerel et al. (1984) and Gerel ef al. (1985), Koval
and Gerel (1986), Gerel (1989), Gavrilova et al, (1984),
Gavrilova et al, (1988), Gavrilova et al., (1989). Among
these literatures, Gavrilova et al (1984), Gavrilova et al
(1988), and Gavrilova et al (1989), are important. Because
these researches were done by scientist including
resident geologists, and the attention was paid on ore

mineralogy and hydrothermal alteration of the deposit.

These studies lead to the publication of a book “Porphyry
Molybdenum-Copper Deposit of Erdenetiin ovoo”, in
1989.

2. Regional setting and geology

Sotnikov ef al (1984) considered that a volcano-plutonic
belt which designates Mongolian-Vitim Volcanic Belt
in northern Mongolia hosts copper mineralization,
and the Erdenetiin ovoo*! ore deposit is found at the
intersection of this belt and the Tsagaan Subarga-

Erdenet belt of NW-SE direction (Fig. 2). Volchanskaya
et al. (1978) and Volchanskaya (1980) considered that
the Erdenet ore-bearing area is situated at the inter-
section of faults with three different directions: E-
W trending Erdenetiin fault, N-S trending Central
Mongolian fault and N-W trending Khar-Airgiin
fault.

The Erdenet area is located in the Orkhon-Selenge
Depression which is a part of the northern Mongolian-
Vitim Volcanic Belt where Upper Paleozoic to Mesozoic
volcanism are recorded. The basement of the depression
consists of Precambrian and Cambrian formations
with Devonian volcano-sedimentary rocks. In the
southern part of the depression, the Carboniferous
marine sedimentary rocks and Triassic sedimentary
and volcanic rocks are distributed. Permian intrusive
rocks of the Orkhon-Selenge Depression was named
the “Selenge Complex” by Mikhalov and Shabalovskii
(1971). Inside the complex, three phases are noticed :
first phase/gabbro, gabbro-diorite, diorite, monzonite,
rarely monzodiorite; second (main) phase/subalkaline
granite, granodiorite, granosyenite, syenite, quartz-
syenite; third phase/two groups of igneous rocks, which
occur separately. In the Erdenet area third phase of the
complex includes stocks and dikes of granodiorite
porphyry and granite porphyry, but in other places,
the rocks are fine granular leucocratic granite, granite-
aplite and microgranite (Mikhalov, 1971). Yashima and

*1“Erdenetiin ovoo” is the name of the porphyry Cu-Mo
deposit, while “Erdenet” is the name of the mining
company.
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Fig. 3 Scheme of structure of the Erdenet ore bearing
zone (after Sotnikov et al. 1984)

1: granodiorite porphyry, plagio-granite porphyry of ore

bearing complex, 2 : zones of ore-metasomatitic forma-

tions, 3: faults.

Matrenitskii (1978), Yashima and Matrenitskii (1979),
Matrenitskii (1977) and Matrenitskii (1981) clarified
the following three independent associations in the
Selenge Complex : 1/Gabbro syenite (Pz); 2/Syenite,
granosyenite, granite (P,-T1); 3/Monzogabbro-diorite,
syenite, granite porphyry (Erdenet type: P;-Th).

Gavrilova et al. (1984) summarized results of these
studies and established following sequences of con-
stituent rocks of the Orkhon-Selenge Depression :

1) Granite-granosyenite, Ts-J:

2) Trachyandesite (Mogod suite), Ts-J:

3) Molasse (Abzoga suite), T,-T;

4) Granite-granosyenite, P.-T;, 256-226 Ma (K-Ar)

5) Gabbro-syenite, Py, 268-242 Ma (K-Ar)

6) Basalt-trachybasalt (suite of basic effusion), P,

7) Sedimentary volcanogenic rocks (tuffaceous suite),

PIZ—PZI

8) Alkaline granosyenite and granite, 234 Ma (K-Ar)

9) Rhyolite-trachyrhyolite (suite of acidic effusions), Px

10) Trachybasalt-trachyandesite (suite of basic and

intermediate effusions), P:

11) Interval for sedimentation

12) Gray color molasse, C:-C,

13) Sandy siltstone, marine, C

3. Geology of mineralized area

3.1 Geology
Mossakovskii and Tomortogeo (1976) divided the
Orkhon-Selenge Depression into western and eastern

blocks, and stated that the boundary between these
blocks is the Bukhaingolyn fault. In the western block,
the basement is deeper than that of eastern block. In
the eastern margin of the Erdenet cross structure,
the mass of alkaline basalt, trachybasalt, trachyan-
desite of the Upper Permian to Early Triassic age is
lying with disconformity on the Permian rocks being
intruded by gabbro-syenite and granosyenite-granite
associations. In western side and in the southern part
of the cross structure, the Permian rocks is covered
with the sandy conglomerate of the middle to Upper
Triassic age (Abzoga suite) and the trachyandesite
mass with rhyolite and trachyrhyolite of the Upper
Triassic to Early Jurassic age.

The mineralized zone of the Erdenet area is found
in the “Erdenet cross structure” that is located in the
northeastern part of the western block of the Orkhon-
Selenge Depression. The area is widely occupied by
Permian volcanic rocks (Hanyi Series) and felsic
intrusions. The Upper Triassic to Lower Jurassic
formation is also seen in the block and this formation
consists of trachyandesite, trachybasalt-porphyry and
trachyandesite-basalt with high sodium content
(Kepejinskas and Luchitskii, 1974). The stratigraphy of
volcanogenic and sedimentary rocks, and petrochemistry
were reported by Kepejinskas and Luchitskii (1973);
Kepejinskas and Luchitskii (1974); Mossakovskii and
Tomortogeo (1972); Mossakovskii (1975); Mossakovskii
and Tomortogeo (1976); Saltykovskii and Orolmaa
(1977) and Gavrilova ef al. (1984). The Hanyi series in
the western block is characterized by a combination
of pyroclastic rocks and bimodal calc-alkaline lava.
The volcanic rocks of the Hanyi Series with lower
Al:Os content, subalkaline and alkaline composition
are commonly developed in the western block.

The mineralized zone of the Erdenet area with 20-25
km length is located in the center of a narrow dome
structure, which consists of granodiorite and monzogranite
of main second phase of the Selenge Complex. Around
the dome structure, the Permian volcanic rocks and
the basement of the Orkhon-Selenge Depression are
distributed. In the northern part of the mineralized
zone, Precambrian metamorphic rocks are also
distributed. Dikes and the porphyritic plutons intrude
into the center of the mineralized zone. Mikhalov (1971),
Khasin et al. (1977), Pavlenko et al. (1974) considered
these porphyritic intrusions as members of the Selenge
Complex. Yashina and Matrenitskii (1978) described
that so-called Selenge Complex includes two groups:
Upper Permian rocks and Lower Triassic rocks. The
former is the general type of syenite-granosyenite-
granite, and the latter includes porphyritic intrusions of
monzogabbro-diorite-syenite-granite porphyry. Sotmikov
et al. (1984) stated that Erdenet-type porphyritic intrusions
are younger than Selenge Complex and have different
origin from the Selenge Complex. Based on such studies,
these intrusions are separated from the Selenge
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Complex and are now called as “Erdenet Complex”
(Sotnikov et al, 1985). According to Gavrilova et al,
(1989) the chemical composition of the complex belongs
to high alumina, potassium-sodium, calc-alkaline se-
ries. The Na;O content is as high as 4.02-5.9 wt.% in
all stages. Low Rb (40-68 ppm) and high Sr (800-1100
ppm) and Ba (1000-1100 ppm) are also typical feature
of this complex. Based on the information stated
above, the intrusive rocks within the Erdenet cross
structure area could be divided into four groups:
1) Lower Paleozoic complex in the Precambrian
basement
2) Upper Permian Selenge gabbro-granosyenite-granite
complex
3) Erdenet Porphyry Complex
4) Upper Triassic to Early Jurassic leucogranite
Recent Mongolian geological kingdom tend to accept
the distinction between Upper Permian Selenge Com-
plex and Upper Triassic to Early Jurassic Erdenet
Complex.
The sequence of all porphyritic phase is as follows:
1) diorite porphyry and microdiorite
2) granodiorite porphyry (main part), plagio-granite
porphyry
3) fine grained, middle grained granodiorite in as-
sociation with breccia
4) fine granular aplite with increase of alkaline
Being different from these description, Professor
Gerel’s group at Mongolian Technical University
have an unique idea on the genesis of Erdenetiin
ovoo. Gerel et al., (1984), Koval et al, (1985), Koval
and Gerel (1986), and Gerel (1990) thought that the
Erdenet type intrusions were formed as a series of
magma with trachyte and trachyandesite and consid-
ered that the Early Mesozoic trachyte and trachyan-
desite to be genetically related to the mineralization.
In the following paragraphs we use Selenge and
Erdenet classification to describe the mineralization
at Erdenet. Based on this concept, it can be stated
that most part of the Cu-Mo deposits occur within
the Erdenet Complex.

3.2 Structure of the mineral deposit

The deposit is located in the intersection of faults
of NE-SW, NW-SE, N-S and E-W trends. South-
western and northeastern side of the Erdenetiin ovoo
area have steep boundaries into which magma as-
cended. The mineralized zone includes a cupola of
granodiorite of the Selenge Complex and stocks and
dikes of the Erdenet Complex. The Erdenet Complex
rocks are distributed as dome-like bodies and satel-
lites in the cupola mentioned above. The porphyries
of third phase have mostly E-W direction and steep
falling, and the porphyries of fourth and fifth phase
have NE-SW direction.

The Erdenet Complex is roughly divided into
southeastern and northwestern stocks, and contains

gigantic breccia body (Gavrilova et al, 1989) due to
explosive processes and complicated tectonics of the
zone (Fig. 4). In the brecciated body, fragments of
granodiorite-porphyry are cemented with dacite of
several phases. An explosive pipe, possible neck of
the volcanism, is seen in the complex. Granodiorite
fragments in this pipe are cemented by plagioclase-
porphyry, dacite and their autochthonous breccia.
The southeastern stock has pear-like shape. The stock

.has 60 to 70° contact against the wall illustrating the

upper part of dome-like shape, and vertical contact
in deeper part and the contacts fall toward center of
stock in the 950-1000m depth. The northwestern stock
has horseshoe-like shape in surface with complicated
steep boundaries. In deeper portion, the stock consists
of two steep fallen bodies that are connected in upper
horizons of flat-lying part with 300-400 m thickness.
The northern contact of the stock with complicated
shape fall steeply and vertically into southward.

The structure of hydrothermal system of the deposit
can be outlined based on the distribution of SiO;
anomaly. The distribution can be traced down to
1600 m, which implies that the hydrothermal system
had at least about 1.6 km extension. Such situation is
also suggested by the distribution of Na, K and Rb
anomalies.

Quartz metasomatite and quartz breccia are
widely distributed in the southeastern part of the
southwestern stock. The quartz-sericite metasoma-
tite has a two-layer structure. The lower layer (900-
1100 m above sea level) corresponds to a root zone of
hydrothermal system. It consists of separated pillar-
like and steep fractured bodies. The upper layer
(1100-1600 m above sea level) surrounds all stocks
and satellites intrusions. The thickness of the upper
layer are 650-700m in the southwestern part, 500-550m
in the center and 300-400 m in northwestern part.

Gavrilova et al (1989) considered that the lower
layer of the deposit corresponds to a zone of vertical/
steep-angle channel where ore bearing hydrothermal
solution was focused. The upper layer of the deposit
behaved as a chamber where the mineralizing fluid
precipitated minerals. The contour of elemental con-
centration in the lower horizon suggests vertical
channel of migration of elements, but horizontal shape
of the contour line is common in the upper horizons.
An important structural factor of the deposit is fault
of N-S, NW-SE, E-W and NE-SW directions. The
intersection of these faults determined the high level of
fracturing-ability and of permeability. All these faults
are older and have been active during the formation
of the deposit, and after formation of the deposit
some of them played an important role. Sotnikov et
al. (1984) noted that faults of NW-SE, NE-SW and N-
S directions give the structural control of the miner-
alized zone and the deposits (Fig. 3). The faults of
NW-SE direction controlled the mineralization, the
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K-Ar age (Sotnikov et al., 1985).

Khasin et al. (1977) considered that all primary
minerals were formed within a stage between the
injection of granodiorite porphyry stock and injection
of dacite porphyry dike but did not report relationship

between the porphyries and mineralization/alteration.

Yakovleyv and Tamsran (1977) proposed that the
mineralization only took place in the third phase of the

Selenge Complex. Sotnikov and Berzina (1989) observed -

that hydrothermal alteration and porphyritic intrusions
have close spatial relationship, and considered that they
are products of same magma-hydrothermal system.
They also stated that the hydrothermal system at
Erdenetiin ovoo was developed in the final period of
development of the porphyritic system or after the
solidification of the porphyries, but did not point
which phase of intrusion was important for the
mineralization. Gavrilova ef al (1989) examined each
phase of the intrusions and proposed an idea on the
relationship between magmatism and hydrothermal
activity. They considered the first phase porphyry
most important :

1) The first (main) stage of hydrothermal alteration
of rocks developed after the intrusion of the first
phase porphyry.

2) Second stage of hydrothermal alteration occurred
after the second phase porphyry intruded with mo-
lybdenum mineralization. The hydrothermal solution
in this stage caused brecciation of rocks and in-
creased the number of quartz network

3) Porphyries of the third phase seems to have
caused copper and molybdenum mineralization. The
copper content is around 900-1900 ppm and molybde-
num 10-40 ppm.

4) Porphyries of the fourth phase such as leucopor-
phyry, rhyodacite-dacite-andesite-dacite-tonalite por-
phyry accompany small amount of pyrite-chalcopyrite
network.

5) Porphyries of the fifth (final) phase carry small
amount of pyrite-quartz, molybdenite-quartz, chalcopyrite-
pyrite-quartz networks.

Sotnikov and Berzina (1989) studied three phases of
porphyries and concluded that the first and second
phases are associated with mineralizations as follows :

1) Potassium feldspathization, with/without biotite.

2) Quartz-sericite alteration with pyrite.
3) Quartz-pyrite-molybdenite association with
chalcopyrite.
4) Quartz-pyrite-chalcopyrite association with
molybdenite.
5) Galena-sphalerite association.
6) Quartz-pyrite association.
7) Quartz (chalcedony)-carbonate association.
Gavrilova ef al. (1984) and Gavrilova ef @l (1989)
clarified five stages of mineralization which accom-
panied by five phases of porphyritic intrusions.

4.2 Mineral association

Ore minerals, ore mineral association and miner-
alization stages are described by Yakovlev and
Tamsran (1977), Khasin ef al (1977), Gavrilova et al
(1984, 1989) and Sotnikov and Berzina (1989). First
description of minerals has given by Yakovlev and
Tamsran (1977). By Khasin ef al (1977), the mineral-
ogy of the deposit was shown as follows :

1) Major minerals of primary ore are pyrite, chal-
copyrite, chalcosine, covellite, bornite, sphalerite, ga-
lena, magnetite, clay-ore, molybdenite, quartz, feldspar,
and sericite. Accessories are gypsum and fluorite.

2) Predominant minerals of secondary enrichment
zone are chalcosine, covellite, chalcopyrite, bornite,
molybdenite, pyrite, clay-ore, turquoise, and chryso-
colla.

3) Major minerals in oxidized and leached zone are
malachite, chessylite, chrysocolla, brochantite, native
copper, and powellite.

Khasin et al (1977) is different from Yakovlev and
Tamsran (1977) on the following points :

1) The chalcocite, covellite and bornite have two
origin as hypogene (in primary ore) and as supergene
(in secondary sulfide zone).

2) The turquoise is formed in secondary sulfide en-
richment zone.

Gavrilova et al. (1989) clarified following mineral
associations: magnetite, pyrite-quartz, molybdenite-
quartz, chalcopyrite-pyrite-quartz, metacrystals of pyrite,
pyrrhotite (cubanite)-chalcopyrite (drop-like), chalcocite-
bornite, galena-sphalerite-tennantite (polymetallic) and
zeolite-gypsum-carbonate associations. Magnetite
association is developed widely at marginal portion
of the deposit. The magnetite association is distributed
in the southwestern, western and northwestern parts
of the deposit. Pyrite-quartz association occurs in
two places: one in the periphery with chlorite and
the other in the center of the deposit forming special
pyrite pillar: in the place, where is decreased the
scale of quartz-sericite metasomatite. Pyrite is
formed an insets of different size and a network with
different thickness. Pyrite of the central part of the
deposit is different from that of the periphery part
which is large size and occurrence is inclusions of
chalcopyrite, molybdenite and others. Molybdenite-
quartz association distributes in all horizons of primary
and secondary ores. But scales of the minerals are
different. The association is presented molybdenite-
quartz network and rare inset of molybdenite. In
molybdenite-quartz network is marked a presence of
pyrite and chalcopyrite. Chalcopyrite-pyrite-quartz
association is developed in all horizons of the deposit.
The ratio of pyrite and chalcopyrite in this associa-
tion is changed vertically in the cross section, for ex-
ample pyrite is dominant in the upper part, and chal-
copyrite is dominant in the lower part. Chalcopyrite
is replaced by chalcocite and covellite in the above
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horizons of secondary sulfide enrichment zone, and
monomineral chalcopyrite occurs in size of 0.n mm
in the lower part of the deposit, rarely with network
of 0.5-1cm thickness. Gavrilova et al (1989) noted
that chalcopyrite of the association is replaced by
hypogene chalcocite and bornite in the lower part of
the deposit. Pyrrhotite-chalcopyrite (drop-like) asso-
ciation occurs in massive pyrite of pyrite-quartz and
chalcopyrite-quartz associations by drop-like form.
Sometimes cubanite is observed in this association.

Hypogene chalcocite-bornite association was described
by Gavrilova et al. (1984). Gavrilova et al (1989) noted
that the abundance of sulfur and copper in hydrothermal
solution lead to form of hypogene bornite. They also
marked that this association occurs in secondary
sulfide enrichment zone or in deeper levels. This
association distributes mainly in southeastern part of
the deposit. This association consists of bornite,
chalcocite, chalcopyrite, pyrite, sphalerite, tennantite,
galena, molybdenite and rutile, and hematite occurs
in the upper horizons, and magnetite occurs in the
lower horizons. Monomineral bornite and chalcocite-
bornite veinlets distribute widely. Metacrystals of
pyrite is observed in cubic form including micro-
inclusions of quartz, rutile, magnetite, pyrrhotite and
others.

Polymetallic association occurs by separated zones
of the deposit. This association consists of galena,
sphalerite and tennantite, and forms network. Pyrite-
quartz, molybdenite-quartz, chalcopyrite-pyrite-quartz
associations are cut by this network. Zeolite-gypsum-
carbonate non-ore association occurs by network,
crossing all hypogene associations and all rocks in
ore bearing stockwork. Zeolite is presented by
clinoptilolite and laumontite. Gypsum is developed in
the upper horizons of the deposit, and anhydrite de-
velops in the lower horizons. Carbonates distribute
widely and are presented mainly by calcite. Bornite-
chalcocite-covellite supergene association distributes
in secondary sulfide enrichment zone. Primary chal-
copyrite, tennantite, sphalerite and other minerals
are replaced by chalcocite, covellite and bornite.

Distribution of some minerals show the vertical
zonal structure. Content of pyrite, sphalerite, galena,
tennantite and especially clay-ore decrease toward
deeper part. Clay-ore is found only in the upper part
of the deposit. Changes of trace elements content in
ore-minerals show the vertical zonal structure. For
example, Se and Co contents in pyrite increase into
deeper part of the deposit, but Ni content decreases.
Se content in chalcopyrite increase into deeper part
of the deposit. Anhydrite is distributed from 400 m to
1200m. Calcite increases in deeper part. Copper content
in primary ore changes from 0.4-0.59% in the center
of stockwork down to 500 m depth from the present
surface, and between 500-1000 m depth, 0.2-0.3%.
Molybdenum content is 0.025% in primary ore.

Molybdenum has an opposite tendency to the
distribution for Cu. Molybdenum content in marginal
area of ore body is 0.02%, but 0.012% in the central
part.

4.3 Hydrothermal alteration

Regionally the alteration shows a zonal distribu-
tion. The quartz-sericite zone is developed in the center
of the stockwork being changed outward into sericite-
chlorite and then carbonate-epidote-chlorite zone. In
the upper part of the zone argilization is noticed.
Sometimes potassium feldspathization with or with-
out hydrothermal biotite and tourmaline is observed.
The quartz-sericite zone changes the degree of al-
teration place to place with quartz-sericite ratio to
host rock from 10 9% to more than 70 9. An altered
rock with the quartz-sericite composition>70 9 is
called secondary quartzite at the mining office. In
the eastern part of the deposit the porphyritic stock
and alteration zones are cut by a large fault of N-S
direction.

4.4 Secondary zone

The vertical zonal structure is traced clearly as
follows: oxidized and leached ore zone, secondary
sulfide enrichment zone, primary ore zone. In the
southeastern part, hypogene chalcocite-bornite asso-
ciation in upper part changes into chalcopyrite-pyrite-
quartz association in deeper part.

The thickness of oxidized and leached zone changes
from 10 m to 90 m and of secondary sulfide enrich-
ment zone from 60 m in the side to 300 m in the cen-
ter of the ore body. The content of Cu changes from
0.89% to 7.6% in secondary sulfide zone of central
part of the deposit and is decreased into margin of
the deposit. The content of Mo is changed from
0.001% to 0.76% in secondary sulfide zone. The pri-
mary ore zone is discovered in 150-500 m depth from
surface and is marked in 1000 m depth by drill hole.

The secondary sulfide enrichment zone includes
859 of ore. The size of the ore body is 2800m by 300~
1300 m in the surface and is 1000 m by 600 m in the
primary ore zone.

5. Isotopic studies

Sulfur isotopic composition of ore was studied by
Tugarinov et al. (1974). They determined the ratio of
sulfur isotopic composition (Fig. 5). The ¢S value of
the sulfides ranges from —3.3 to +2.7 % with an
average value of +0.4 %, Molybdenite is weakly
enriched in &S (+1 to +1.5 %) compared to sulfides
of copper and pyrite. The values show no difference
in vertical section. Such homogeneous sulfur composition
is a result of homogenization of sulfur before the
mineralization. The value of 6*S for the sulfates ranges
from +9.1 to +12.5 %, The study evidenced two stages
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Fig. 5 Sulfur isotope composition of sulfides and sulfates of copper-molybdenum deposits of Erdenetiin ovoo.

(Tugarinov et al., 1974).

of hydrothermal ore formation. In the second stage,
ore formation is characterized by increasing in
oxidation potential of solution. The precipitation of
molybdenite was related to the first stage, but
chalcopyrite precipitated during the first and second
stage. The additional study of sulfur isotope was
done by Voinkov et al. (1977). The &*S values of
pyrite and chalcopyrite show bimodal distribution
with peaks at —2 %o (in network) and at 0 %, (in
disseminated type), and bornite with peaks at —2 %
and 0 %. Based on such result, they interpreted the
schematic process of ore formation in the Erdenetiin
ovoo deposit as follows: (1) after intensive fracture of
host rocks, the hydrothermal solution was precipitated
small amount of ore in network and disseminated-
type with sulfur isotope composition of similar to
meteoritic composition; (2) new fractures which were
related to the intrusion of dikes were developed and
ore minerals were precipitated, and in this stage the
hydrothermal solution was more oxidized. Perhaps
second fracturing was more intensive and local, so the
sulfides with decreased ¢*S were distributed locally
only in the lower part of the deposit. The precipitation
of larger size and disseminated chalcopyrite may be
related with the second stage. )

6. Concluding remarks

According to the information available, the Er-
denetiin ovoo deposit is controlled by complicated
combination of structure, magmatic and geochemical
factors. Gavrilova ef al. (1989) well described features
of the Erdenetiin ovoo deposit as follows: 1) inter-
mittent rhythmical injection of magmatic source and
fluid-hydrothermal activity and associated ore miner-
alization; 2) close relationship between magmatic
rocks, hydrothermal-metasomatic products and ore
minerals in all phases or stages of the magma-

hydrothermal activity; 3) change in morphology of
magmatic rocks from stock-like to dike with con-
comitant decrease of the scale in magmatism and in
ore-metasomatic process; 4) change in shape of ore-
bodies from network-stockwork to veinlet or string.
The mineralization is related genetically and spa-
tially to stocks of porphyritic intrusions, Erdenet
Complex. The ore-bearing porphyries intruded rhyth-
mically into the Selenge Complex. Many authors are
thinking that each phase of porphyry is associated
with mineralization but some authors are assuming
single pulse mineralization.

The mineralized zone in the Erdenet Complex holds
a two-layer structure. The lower layer is steep-angle root
of magma-hydrothermal system and includes separated
pillar-like ore zones. The upper layer surrounds mostly
all portion of the deposit and has sickle-like shape
with a flat portion. Gavrilova ef al (1989) considered
that the upper layer of ore body corresponds to a
chamber, where ore bearing solution and fluid
deposited.
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