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( Characteristics and Genesis of the Awak Mas Metamorphic Rock-
Hosted Gold Deposit, South Sulawesi, in Comparison to the Gold
Mineralization in the Luk Ulo Complex, Central Java, Indonesia )
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The Awak Mas gold deposit situated in the South Sulawesi, Indonesia holds 54 Mt mineral resource
and 35.6 Mt reserves with 0.5 g/t Au cut-off grade in the Awak Mas, Salo Bulo, and Tarra prospects. The gold
deposits are hosted by low-grade metamorphic rocks, such as metapelites, carbonaceous metapelites,
metavolcanic rocks, and Metahematitic mudstone, metamorphosed up to lower greenschist facies. The
genesis of the Awak Mas gold deposit has remained unclear due to some overlapping characteristics with
several types of gold mineralization, including epithermal, orogenic, and intrusion-related gold deposits.
Thus, this study aimed at recharacterizing this deposit on the basis of petrography, geochemistry, mineral
chemistry, stable isotopes and fluid inclusion analyses to better understand the genesis of the Awak Mas gold
deposit. As part of this study, we also investigated the characteristics and ages of intrusive rocks in the
surrounding of the Awak Mas deposit, which are potentially related to the mineralization.

The three gold prospects share similar alteration and mineralization characteristics, which consist of
three stages of hydrothermal veins; (1) milky quartz early-stage veins with local kaolinite-dickite alteration
and pyrite-hematite-enargite-luzonite-bornite-covellite-native gold/electrum ore assemblage, (2) carbonates,
albite, quartz main-stage veins with prominent albitization and carbonatization and pyrite, hematite,
chalcopyrite, enargite, luzonite, tennantite, tetrahedrite, native gold/electrum ore assemblage, and (3)
transparent quartz and albite late-stage veins with pyrite, chalcopyrite, tennantite, tetrahedrite, sphalerite, and
native gold/electrum ore assemblage. The fluid inclusion study indicates similar characteristics for all

mineralization stages, including (1) modes of homogenization temperature within 190-240 °C in the early-
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stage to 150—200 °C and 160-210 °C in the main- and late-stage veins, respectively and (2) moderate salinity
of fluid inclusions with averages within 4.3—-6.9 wt.% NaCl eq. in the early-stage to 4.5-7.5 wt.% NaCl eq.
in the main-, and 7.2-7.9 wt.% NaCl eq. late-stage veins.

Micro-XRF analysis shows that the hydrothermal alteration occurs as local (cm to m scales)
alteration halos surrounding the veins, consisting of dominant albite in the proximal and dominant carbonates
in the distal zones. Gold mineralization is mostly found in the alteration halo, particularly in reactive host-
rocks, such as Metahematitic mudstone and metavolcanic rocks. Sulfidation of the Fe-rich host-rocks is the
main mechanism for gold precipitation, resulting in strong association of gold and pyrite, whereas boiling,
cooling, and mixing of hydrothermal fluids are responsible to the precipitation of gold within the veins or at
the contact between veins and host-rocks.

Mineral chemistry of hydrothermal quartz, rutile, and phosphate minerals suggest both magmatic- and
orogenic gold-type mineralization. EPMA detected elevated amounts of Ti in quartz (up to 42 ppm) and
significant amounts of SO3 in goyazite (4.13 wt.% avr.) and apatite (0.16 wt.%), similar to those found in the
porphyry deposits. On the other hand, LA-ICP-MS analysis of TiO, phases shows relatively high content of
Sb (>10 ppm) similar to those found in orogenic gold mineralization.

However, several lines of evidence suggest that the Awak Mas deposit is more genetically related to
the magmatic intrusions. This includes the local acid alteration with vuggy texture and high sulfidation stage
of ores in the early-stage mineralization, oxidized hydrothermal fluids in the early and main-stage
mineralization, sulfur isotope composition of pyrite (8**Scpr= early-stage: +0.7%o, main-stage: +2.1%o, and
late-stage: —1.4%o avr.) and phosphates (8**Scpr = early-stage: +17.5%o0 and main-stage: +22.4%o), carbon
isotopes of carbonates with mantle signature (8'3Cvppa: —5.8%o avr.), moderate salinity of fluid inclusions in
all stages (6-8.8 wt.% NaCl eq.), and relatively high calculated 8'*Osmow of fluids in equilibrium with quartz
from +3.5 to +8.8%o for both early- and late-stage veins.

The intrusive rocks consist of gabbro to granite with tholeiitic to calc-alkaline affinity and volcanic
arc tectonic signature. The granitoid consists of quartz, plagioclase, microcline, K-Feldspar with hornblende,
biotite, pyroxene, titanite, epidote, tourmaline, apatite, and zircon as accessory minerals, suggesting I-type
granitoid. The presence of ilmenite-dominated oxide in the biotite-rich granitoid and magnetite-dominated
oxide in the hornblende-rich granitoid indicates two oxidation state of magma, reduced and oxidized I-type,
respectively. The hornblende-rich granitoid is locally altered to chlorite-illite-epidote-pyrite-ilmenite-
magnetite alteration assemblage. The sulfur isotope composition of pyrite disseminated in the altered
intrusive rocks yielded 8**S of +5.8 to +8.0%o, contrasting with the that of pyrrhotite from unaltered intrusive
rocks with &%*S at —8.0%o. This clearly suggests the intrusive rocks have been altered by the same
hydrothermal fluids as those found in ores of the Awak Mas deposit. U-Pb ages of magmatic zircon from
biotite-rich granitoid yielded magmatic age of 6.245-4.717 + 0.025-0.023 Ma, whereas hornblende-rich
granitoid yielded 34.308-30.073 £ 0.092—0.086 Ma. The timing of mineralization is constrained based on
the occurrence of hydrothermal alteration in the intrusive rocks. The maximum mineralization age
constrained by altered intrusive rocks is 30.073 Ma, which is considerably younger than metamorphic ages
of Lantimojong metamorphic rocks (Cretaceous), providing evidence of non-orogenic-related mineralization,

and suggests intrusion-related mineralization.
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