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The representative gold and copper deposits in the North Khentei gold belt of Mongolia
were investigated to characterize their mineralization and genetic evolution, based on the
ore occurrence, mineralogy, hydrothermal alteration, fluid inclusion and age dating studies.

The gold mineralization in representative Boroo, Gatsuurt and Ulaanbulag deposits
occurs as two and three ore types: 1) disseminated and stockwork ores in granitoid,
volcanic and metasedimentary rocks; 1) auriferous quartz vein ores, quartz vein ores and
siliceous ores in the Boroo, Gatsuurt and Ulaanbulag deposits, respectively; and I1I)
silicified zone ores only in the Gatsuurt deposit. Ore grades of each type are about 1 to 3, 5
to 10 and more than 10 g/t Au grades, respectively.

The main sulfide minerals in the ores of gold deposits are pyrite and arsenopyrite, both
of which are divisible into two different stages (pyrite-1 and pyrite-11; arsenopyrite-1 and
arsenopyrite-11). Sphalerite, galena, chalcopyrite, and tetrahedrite are minor associated
minerals, with trace amounts of bournonite, boulangerite, geerite, alloclasite, native gold,
and electrum. The ore minerals in the both types of ores are variable in distribution,
abundance and grain size. Four modes of gold occurrences are recognized in these three
deposits: 1) invisible gold in pyrite and arsenopyrite in the disseminated and stockwork
ores and the auriferous quartz vein ores; 2) microscopic native gold 3 to 100 pum in
diameter that occurs as a filling phase or interstitial phases in sulfides in the both ores
types; 3) visible native gold, up to 1 cm in diameter, in the disseminated and stockwork
ores of the Boroo and Gatsuurt deposits; and 4) electrum in the auriferous quartz vein ores
of the Boroo deposit.



The Khadat copper deposit occurs as the vein type mineralization in the intrusive
stocks or dikes and metasedimentary rocks. The main copper bearing ore mineral is
chalcopyrite, and minor amounts of pyrite, arsenopyrite, pyrrhotite, sphalerite and galena
are recognized. However, assemblages of minor minerals are varied depend on depth of the
deposit.

The disseminated and stockwork mineralization in the Boroo, Gatsuurt and
Ulaanbulag deposits is composed of four distinct stages: (i) pyrite-1 + arsenopyrite-1, (ii)
pyrite-11 + arsenopyrite-Il, (iii) sphalerite + galena + chalcopyrite + tetrahedrite +
bournonite + boulangerite + jamesonite + scheelite + alloclasite + native gold and (iv)
native gold. In auriferous quartz vein mineralization, five, four and four crystallization
stages are also recognized in these deposits, respectively: (i) pyrite-1 + arsenopyrite, (ii)
pyrite-11 + arsenopyrite + galena + tetrahedrite-tennantite, + sphalerite + chalcopyrite +
bournonite, (iii) sphalerite + galena + chalcopyrite + geocronite + geerite + native gold,
(iv) tetrahedrite-tennantite + bournonite + geerite + native gold, and (v) electrum. Both ore
types are associated with sericitic and siliceous alterations. The As-Au relations in pyrite-11
and arsenopyrite in the gold deposits suggest gold detected as invisible gold is mostly
attributed to Au™* in those minerals.

In the copper deposit, five crystallization stages are recognized: (i) pyrite-1, (ii)
pyrite-11, (iii) pyrite-111 + arsenopyrite, (iv) pyrrhotite + sphalerite + galena + chalcopyrite,
and (v) chalcopyrite.

At Boroo and Gatsuurt both ore types contain coexisting CO,-rich and aqueous fluid
inclusions. The inclusions in quartz of the disseminated and stockwork ores homogenized
between 254-362°C, whereas inclusions in the auriferous quartz vein ores of the Boroo
homogenized between 237-305°C. Fluid salinities in both ore types range from 3-6 wt%
(NaCl equiv.).

The U-Pb age of zircons from Boroo host granites of 472.5 + 6.9 Ma is much older
than previously defined alteration minerals ages (ca. 210 Ma). U-Pb age of zircons in host
granodiorite of the Khadat deposit presents 274.2 £ 1.7 Ma.

By applying arsenopyrite geothermometer to arsenopyrite-I1 in the type-11 ores of gold
deposits and arsenopyrite in copper deposit, crystallization temperature and logfs, are
estimated to be 300-365°C and -7.5 to -10.1, and 400-495°C and -5 to -6.8, respectively.

The results indicate that these gold deposits were developed in two stages. The
disseminated and stockwork ores are early stage, formed by hydrothermal metasomatic
alteration, and auriferous quartz vein ores are later stage, deposited due to cooling
temperature of the hydrothermal fluids. According to the paragenetic sequences in the
Boroo, Gatsuurt and Ulaanbulag deposits, gold mineralization can be formed from the
same source of the hydrothermal activity in this region. Thus, the gold deposits can be
classified as contiguous orogenic type mineralization. The Khadat copper deposit could



be expected to be one of the porphyry systems in this orogenic gold belt, due to geologic
setting, mineral assemblages and high crystallization temperatures.
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