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Summary. The research was conducted along the Siguntu River and Babak River in the Latup-
pa area, Palopo, South Sulawesi. This study aims to investigate the petrogenesis of granitoid rocks
and their implications for hydrothermal mineralisation processes. Methods included detailed field
observations combined with microscopic laboratory analyses, comprising petrography, minera-
graphy and X-ray fluorescence geochemistry of major rock oxides. The study area is dominated by
plutonic rocks classified as granitoids, including quartz diorite, granodiorite, and porphyry quartz
monzonite, as well as sub-volcanic rocks represented by porphyry andesite. Geochemical data from
hydrothermally altered granitoids, particularly granodiorite and porphyry quartz monzonite, indi-
cate derivation from acidic magmas with granodiorite to granite compositions. These rocks are clas-
sified as I-type granitoids with high-K calc-alkaline affinity, metaluminous to weakly peraluminous
character, and magnesian composition. The presence of three granitoid types suggests multiphase in-
trusive activity within the study area. This activity generated potassic alteration assemblages charac-
terised by secondary biotite, secondary K-feldspar, anhydrite, and magnetite; inner propylitic altera-
tion with actinolite, epidote and diaspore; and phyllic alteration composed of sericite, quartz, chlorite
and pyrite. Associated mineralisation of bornite, chalcopyrite and covellite is typical of porphyry-type
deposits. In contrast, sub-volcanic intrusions produced adularia alteration assemblages consisting of
adularia, sericite, quartz and pyrite, accompanied by sphalerite and chalcopyrite mineralisation char-
acteristic of epithermal deposits. Overall, hydrothermal alteration and mineralisation indicate an over-
printing of porphyry systems by epithermal systems formed in a syn-collisional setting evolving to-
ward crustal extension, associated with granitoid exhumation to shallow crustal levels.
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1. Introduction

south arm (Priadi et al., 1994; Polve et al., 1997;

The presence of mineral deposits is related to a
geological complex. One location that has geological
complexity and proven mineral deposits is Sulawesi
Island. Sulawesi with its distinctive K-shaped pat-
tern is located between the Eurasian Plate, the Indi-
an-Australian Plate, and the Pacific Plate which in-
teract and collide (Katili, 1978) (Figure 1). The im-
plications of these interactions resulted in Sulawesi
with four arms of the mega-tectonic province, in-
cluding the west-north arm which consists of volcan-
ic magmatic product rocks (Sukamto, 1975; Katili,
1978; Hall, 2002; Satyana et al., 2011). Magmatic
products in Sulawesi are partly distributed in the

Surono and Hartono, 2013). The series of magmatic
products in the form of granitoid rocks are associat-
ed with ore deposits, in the form of epithermal Au-
Cu deposits, base metal mineralisation, and Cu-Au-
Mo porphyry (Maulana et al., 2013).

The Palopo granitoid covers an area of about 30
km? and intrudes the Eocene-Oligocene age Toraja
Formation and Lamasi Complex (Bergman et al.,
1996; White et al., 2017). Historical exploration ac-
tivities have been conducted by several parties to
find mineralisation prospects in the Palopo Region
(Van Leeuwen and Peters, 2011). The research will
be undertaken in Babak River and Siguntu River as
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part of the mineral deposit exploration process to
analyse the relationship of granitoid rock petrogene-
sis to the presence of hydrothermal mineralisation in
Latuppa Area, Palopo (Figure 2).

2. Regional Geology

The Palopo granitoids are located within a belt
of calc-alkaline granitoids of the Miocene-Pliocene
age (Polvé et al., 1997). Some samples from the Pa-
lopo Granite show the presence of milonites that
developed after the crystallisation of the granite.
This is confirmed by the microstructure, e.g. brittle-
fracturing and mechanically induced grain size re-

duction of recrystallised feldspar and quartz. U-Pb
zircon ages of 6.3 Ma were obtained from deformed
granodiorite and 5.0 Ma from undeformed granodio-
rite indicating mylonitisation times between 6.3 Ma
and 5.0 Ma (White et al., 2017).

The distribution of granitoid rock types in the
form of granodiorite units in the Latuppa Area are
characterised by consisting of holocrystalline crys-
tallinity texture, faneritic granularity, euhedral-
subhedral fabric shape, and equigranular relations.
The mineral composition comprises quartz, plagio-
clase, biotite, and hornblend (Salang, 2022).
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Fig. 1. Regional geology of the study area (White et al., 2017)
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3. Data and Method

Field data collection stages through direct sur-
veys in the field using geological mapping. Field
identification is based on the presence of traces of
hydrothermal solution activity in the form of the
presence of altered, mineralised rocks and vein
zones as well as in areas that have not undergone
alteration to see the relationship. The study loca-
tions include the Babak River and Siguntu River in
the Latuppa Area. Observation of outcrops and
rock sampling were carried out in a representative
in the research area. A total of nine samples were
collected, consisting of five samples from the Ba-
bak River (BA-01, BA-02, BA-03, BA-04, and BA-
05) and four samples from the Siguntu River (SG-
01, SG-02, SG-03, and SG-04). The characteristics
of the outcrops encountered show a massive rock
structure, so the sampling method is chip sampling
and at the outcrops with vein features, the direction
and dimensions of the vein are measured.

Microscopic analysis through petrography is
used to observe primary minerals and alteration
minerals and their characteristics through rock sam-
ples (fresh rock and alteration) in the form of thin
sections, with an incision thickness of 0.3 mm, and
observed under a polarising microscope. Microscop-
ic analysis through mineragraphy is used to deter-
mine the type of ore mineral, texture, and its rela-
tionship with other ore minerals through observation
of rock samples prepared in the form of polished
sections and observed under a refraction microscope.
Geochemical analysis through XRF (X-Ray Fluores-
cence Spectrometry) was used to determine the ma-

jor element content values (SiOz, TiO2, AlOs,
Fe,03, FeO, MnO, MgO, CaO, Na:O, KO, and
P-Os) through x-ray fluorescence emitted by atoms
in the sample when exposed to x-rays performed on
fresh rock samples.

4. Results

4.1. Lithology

Quartz diorite is found in the Babak River
which shows intrusive contact with metagranodio-
rite. The rock shows a massive and slightly foliated
structure. Petrographic analysis shows a faneritic
texture, consisting of quartz (22%), plagioclase
(30%), orthoclase (6%), biotite (8%), muscovite
(6%), hornblende (10%), pyroxene (17%), and
chlorite (1%) (Figure 4).

Granodiorite is found in the undeformed and
mostly deformed form in the Babak River (Figure 3).
There are parallel quartz veins, intersecting quartz
veins, single quartz veins, pyrite and chalcopyrite,
and diorite enclaves. Petrographic analysis shows a
faneritic texture, consisting of quartz (21-25%), pla-
gioclase (20-23%), orthoclase (10-18%), biotite (12-
15%), muscovite (8-12%), hornblende (2-5%), py-
roxene (5-8%), opaque (1-3%), titanite (1%), zircon
(1%), sericite (3-6%), epidote (1%), actinolite (1-
2%), chlorite (2%), and diaspore (1-2%) (Figure 4).
Deformation traces showing ductile deformation
observed under a microscope show characteristics of
low-grade mylonitic such as the formation of fish
texture in mica, porphyroclast from feldspar miner-
als, undulose extinction quartz texture, bulging tex-
ture, and lobate contacts.

Fig. 3. Outcrop and rock appearance of the study area a) Contact of granodiorite intrusion to quartz diorite, b) Contact of
andesite intrusion to quartz monzonite, c) Sample of granodiorite with diorite enclave, d) Sample of quartz diorite, €) Sample
of andesit and quartz monzonite, f) Sample of quartz monzonite with diorite enclave
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Fig. 4. The Petrographic appearance of rocks a) Granodiorite, b) Deformed granodiorite. Abbreviations:
Q —quartz, Cpx — Clinopyroxene, Bi — biotite, Ms — muscovite, Plg — plagioclase, Hb — hornblende, Ort —

orthoclase, Ep — epidote, Gn — garnet

The porphyry quartz monzonite encountered at
Siguntu River contains parallel quartz veins, intersect-
ing quartz veins, single quartz veins, pyrite and chal-
copyrite, and diorite enclaves (Figure 3). Petrographic
analysis shows a faneroporphyritic texture, consisting
of quartz (14-15%), plagioclase (23-25%), orthoclase
(20-22%), biotite (10-12%), muscovite (9-12%),
hornblende (2-3%), pyroxene (2-3%), opaq (1-3%),
garnet (1%), titanite (0.5%), zircon (1%), sericite (2-
8%), adularia (1%), epidote (1-2%), actinolite (1%),
diaspore (1-2%), and anhydrite (1%) (Figure 5).

Porphyry andesite is found in Siguntu River
which shows intrusive contact with porphyry quartz
monzonite rocks (Figure 3). Petrographic analysis
shows a porphyroafanitic texture, consisting of
quartz (8%), plagioclase (30%), orthoclase (6%),
biotite (9%), hornblende (10%), pyroxene (16%),
groundmass (12%), opaque (3%), sericite (2%), adu-
laria (1%), and epidote (1%) (Figure 5).

4.2. Alteration
Petrographic analysis can show changes in the
mineralogy of rock constituents, to identify chang-

es in primary minerals from magma crystallisation
to alteration minerals formed later due to reactions
with hydrothermal solutions. Lawless et al. (1997)
classify the level of alteration and the results of
petrographic observations show the level of rock
alteration with a value of 5% to 13% is included in
the weakly altered category with a standard value
of <25%. The results of petrographic analysis
(Table 1) and (Figure 6) show an overprint of alter-
ation zones between potassic-inner propylitic, phyl-
lic, and adularia. The potassic alteration type is
characterised by the presence of secondary biotite
and secondary K-feldspar minerals associated with
anhydrite minerals, while the association of actino-
lite and epidote reflects the inner propylitic altera-
tion type. The potassic and inner propylitic altera-
tion zones are overprinted with phyllic alteration
characterised by the presence of sericite and quartz,
and overprinted with adularia alteration character-
ised by the presence of adularia, quartz, and serici-
te. It is estimated that the alteration process has oc-
curred in the temperature range of 280-350°C with
three alteration episodes.

Fig. 5. The Petrographic appearance of rocks a) Porphyry quartz monzonite, b) Porphyry andesite.
Abbreviations: Q — quartz, Plg — plagioclase, Bi — biotite, Ms — muscovite, Ort — orthoclase, Hb —
hornblende, Ser — sericite, Zr — zircon, Cpx — clinopyroxene, Opq — opaque mineral, Md — groundmass
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PPL : Plane Polarized Light, Magnification 10 X
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Fig. 6. The appearance of alteration minerals in the petrographic results consists of quartz veins (Q-
Vein), secondary K-feldspar (Kf sec), secondary biotite (Bi sec), sericite (Ser), anhydrite (Anh),
adularia (Ad), epidote (Ep), actinolite (Akt), and diaspore (Dsp)
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Table 1

Temperature range of formation of potassic - inner propylitic, phyllic, and adularia overprint alteration
minerals (*White, Hedenquist, 1995; *Thompson, Thompson, 1996; *Corbett, Leach 1998)

Alteration | Alteration Temperature (celcius degrees)

Type Minearls 0 100 200 300
Sec Biotite* | E—
Sec K-feldspar* I _I
Owrprint |  Quartz** : '
potasik, | Anhydrite** : :
inner : .
propilitik, | Actinolite** e :
phyllic, | Epidote** f ;
adularia Diaspore* : :
Sericite* _!— I
Adularia* : i

4.3. Mineralisation

The ore minerals found are formed under cer-
tain physiochemical conditions, so the mineralisa-
tion process has a sequence of mineral formation in
this case paragenesis. Some minerals are formed
primarily from the crystallisation of magma, some
are carried by hydrothermal solutions and precipitat-
ed during the cooling process, and some are due to
oxide-hydroxide process due to interaction with me-
teoric water-dominant conditions.

The stages of ore mineral formation can be
identified through observation of the texture of each
mineral (Table 2) and (Figure 7). It is estimated that
magnetite minerals are formed at the beginning of
mineralisation related to magmatic-hydrothermal
conditions. Under transfer conditions, hydrothermal
solutions that carry sulfides, oxides, and metal ele-
ments, then interact with magnetite, so that it will
undergo a replacement process by pyrite, arsenopy-
rite, bornite, and hematite minerals characterised by
partial replacement of the rim of magnetite. The on-
going hydrothermal transfer process results in the

replacement of pyrite and bornite by chalcopyrite
and covellite, and chalcopyrite and covellite miner-
als infilling with quartz veins and disseminated in
the rock. The same process takes place in magnetite-
hematite which is replaced by the oxide-hydroxide
mineral goethite under meteoric water dominant
conditions. The formation of sphalerite is attributed
to hydrothermal solutions brought by the intrusion
of porphyry andesite under epithermal conditions
that intruded porphyry quartz monzonite. Sphalerite
then undergoes replacement by pyrite minerals,
further pyrite minerals will undergo replacement by
chalcopyrite.

4.4 Geochemistry

Rock geochemical analysis in the form of main
oxide elements was carried out on granitoid rock types
associated with the presence of hydrothermal solution
activity results in the form of quartz veins, alteration
minerals, and ore minerals. This aims to analyse the
geochemical characteristics of granitoid rocks that car-
ry hydrothermal mineralisation (Table 3).

Table 2

Paragenesis of ore minerals in the Siguntu River and Babak River

Mineralization Stage |

Stage Il Stage Il

Magmatic-Hydrothermal

Hydrothermal Hydrothermal

Pyrite

Chalcopiryte

Covellite

Bornite

Arsenopyrite

Sphalerite

Magnetite

Hematite

Goetite
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Fig. 7. Microscopic appearance of ore mineral texture a) Replacement of magnetite by arsenopyrite, b) Replacement of magnetite by
pyrite, ¢) Replacement of magnetite by bornite and hematite, d) Replacement of pyrite by chalcopyrite, €) Replacement of bornite by
chalcopyrite and covellite, f) Infilling of chalcopyrite and covellite in quartz veins, g) Replacement of magnetite-hematite by
goethite, h) Replacement of sphalerite by pyrite and replacement of pyrite by chalcopyrite

Table 3

Major oxide content of the granitoid rock samples of the study area

Id Sample
Mayor Elements
BA-01A (wt%o) BA-04 (wt%o) SG-04 (wt%)

SiO; 65,02 64,31 67,37
Al,O3 16,43 16,71 15,92
Fe.O3 3,61 4,25 3,07
CaOo 3,96 4,63 3,02
Na,O 3,65 3,58 3,47
K20 3,61 2,83 3,93
MgO 2,57 2,42 1,81
MnO 0,05 0,07 0,04
P.Os 0,17 0,174 0,15
Cr,03 0,06 0,07 0,06
TiO, 0,48 0,53 0,42
LOI 0,39 0,43 0,74
Total 100 100 100

The major oxides in rocks can be applied in de-
termining rock characteristics such as magma type
and affinity, determining rock names, alumina varia-
tions, and rock formation environments.

The basis for classification the rocks refers to
the TAS classification according to Cox et al.
(1979), based on the ratio between silica value
(SiOy) and alkali value (Na2O + K;0). Samples BA-
01A and BA-04 are classified as granodiorite and
sample SG-04 is classified as granite (Figure 8a).

Determination of magma affinity type refers to the
classification according to Paccerillo and Taylor
(1976), with a comparison between silica (SiO,) and
alkali potassium (K-0). Based on the ratio of silica
and alkali potassium values, the three samples be-
long to the high-K calc-alkaline series (Figure 8b).
Based on the comparison of A/CNK and A/NK val-
ues according to Shand (1943), it is known that
samples BA-01A and BA-04 with A/ICNK < 1 or
A/NK > 1 are metaluminous and sample SG-04 with
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A/CNK > 1 or A/NK > 1 is peraluminous (Figure
8c). The results of the analysis of the aluminous lev-
el of rocks show a metaluminous level in granodio-
rite rocks and a weak peraluminous level in granite.
According to Frost et al., (2001) granitoid rocks with
metaluminous to weak peraluminous levels with sil-
ica content of 56-77 wt% are included in I-type
granitoids. Based on the comparison of silica and

ferro-magnesian values based on Chappel and White
(1974), the three samples belong to the magnesian
type (Figure 8d). The results of determining the tec-
tonic environment based on Batchelor and Bowden
(1985), the formation of granitoid rocks in the R1 and
R2 multication diagrams indicate a pre-plate collision
environment towards syn-collision (Figure 8e).
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5. Discussion

Based on petrological and geochemical data, the
granitoid of the study area was formed at the transi-
tion of the tectonic process from pre-plate collision
to syn-collision in the compression setting between
the West Sulawesi Microcontinent and the Sula-
Spur Microcontinent to late-collision in the exten-
sion setting due to the Banda Sea plate roll back
(Figure 9). Based on the age of the oldest granitoid
rock, the quartz diorite, which is 6.4 Ma (Zhang et
al., 2020), the granitoid magma formation process
occurred before 6.4 Ma, which is interpreted as
Middle Miocene to Late Miocene.

The initial pre-plate collision tectonic process
was associated with the subduction of the Indo-
Australian Plate beneath the West Sulawesi Micro-
continent which resulted in partial melting of the
mafic rock component and mantle component to pro-
duce mafic magma. Hildreth and Moorbath 1988;
Richards, 2003, explained that hydrous mafic magma
from the mantle wadge will be transferred to the mash
zone (melting, assimilation, storage, homogenisation)
at the base of the continental crust, followed by the rise
of magma to shallower levels to form granitoid rocks.
The mafic magma undergoes differentiation to form
plagioclase, pyroxene, magnetite, and other non-
hydrous minerals that increase the H,O content in
solution and will undergo assimilation with lower
crustal components to form more intermediate
magmas which are thought to be related to the for-
mation of quartz diorite. Geochemical analyses
comparing SiO; and other oxide content indicate
fractionated crystallisation at the beginning to form
plagioclase, hornblende, and pyroxene minerals
while K;O-containing minerals will crystallise at the
end to form orthoclase, biotite, and muscovite. Dur-
ing syn-collision, intermediate magmas undergo fur-

Rapid uplift

.
w - ¥ e

\
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\ mirco-continent
\ -

S-type
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Delamination

ther differentiation and assimilation with potassium-
rich crustal components such as metasediments to
produce acidic magmas that move up to the middle
crust where magmas mingling with quartz diorites to
eventually form granodiorites containing biotite and
muscovite. The syn-collision process associated with
compression forces caused some of the granodiorite
to deform in the ductile zone. Meanwhile, the late-
collision process associated with the extension force
produces asthenospheric upwelling and delamination
of the lower crust so that there is assimilation be-
tween the potassium-rich lower crustal components
and the mantle which is the source of porphyry
guartz monzonite or granite.

Hydrothermal fluid activity in the Latuppa area
occurs at mesozonal depth (Musri et al., 2011). The
rock intrusion process of the study area consists of ear-
ly intrusive forming quartz diorite, inter-intrusive form-
ing early porphyry from granodiorite, late-intrusive
forming late- mineral porphyry from porphyry quartz
monzonite, and intrusive post porphyry forming
porphyry andesite which is tectonically associated
with the process of exhumation due to crustal exten-
sion resulting in stages of hydrothermal fluid penetra-
tion and environmental changes to become shallower
resulting in alteration overprints and ore mineral
replacement (Figure 10).

The alteration process shows an overprint be-
tween potassic-phyllic-adularia, inner propylitic-
phyllic-adularia, also shown replacement of magnet-
ite ore minerals by pyrite, bornite, arsenopyrite, re-
placement of pyrite by chalcopyrite, and replace-
ment of sphalerite by pyrite followed by replacement
of pyrite by chalcopyrite. Maulana et al., (2019) es-
timated the exhumation of Granitoids related to the
Palopo Granitoids in Mamasa and Masamba at a rate
of 0.37 and 1.6 mm/year.

Palu-Koro Fault

Asthenosphere

Fig. 9. Illustration of the tectonic evolution of Miocene-Pliocene pre-plate collision, syn-collision,
and late-collision (extension) related to granitoid magma formation in the West Sulawesi Microconti-

nent (Liu et al., 2020)
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Fig. 10. Hllustration of the genetic model of alteration and mineralisation stages of the study area (lllustration

adapted from Sillitoe (2010); Musri et al. (2011))

The types of deposits formed are associated
with potassic, inner propylitic and phyllic altera-
tion and mineralisation of bornite, chalcopyrite
and covellite belonging to the porphyry deposit
type. The porphyry deposit type is associated with
magmatism of granodiorite and porphyry quartz
monzonite I-type granitoids containing high-K
calc-alkaline with metaluminous to weak peralu-
minous. The exhumation process places the granit-
oids associated with porphyry deposits into shal-
lower crustal levels which are then overprinted by
deposit types associated with adularia alteration
and sphalerite-chalcopyrite mineralisation charac-
teristic of epithermal deposit types in proximal en-
vironments associated with late magmatism in the
form of porphyry andesite subvolcanic intrusions.
Shallower conditions led to the formation of hydro-
thermal fluids from the epithermal system flowing
through the zone of alteration and porphyry mine-
ralisation. These fluids added new alteration mine-
rals and mineralisation, creating a complex combi-
nation of minerals from both systems.

6. Conclusions

From the compilation of field data and laborato-
ry analysis, it was concluded:

1. The lithology of the study area consists of
granitoid-type plutonic rocks in the form of quartz
diorite and granodiorite in Sungai Babak and granit-
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oid-type plutonic rocks in the form of porphyry
guartz monzonite and sub-volcanic rocks in the form
of porphyry andesite in Sungai Babak.

2. The geochemistry of granitoid rocks associated
with hydrothermal mineralisation in the form of grano-
diorites and granites which are I-type granitoid, high-K
calc-alkaline, metaluminous to weakly peraluminous,
formed in pre-plate collision to syn-collision, and late
collision environments associated with compression to
extension forces that produce acidic magmas from the
melting of mafic rocks that undergo differentiation and
assimilation with the lower crust.

3. The study area experienced multiphase intru-
sion associated with mineralisation in the inter-
intrusive (granodiorite) to late-intrusive (porphyry
quartz monzonite/granite) forming overprints of po-
tassic alteration, inner propylitic, phyllic, and born-
ite-chalcopyrite- covellite mineralisation belonging
to the porphyry deposit type, and post porphyry in-
trusive forming adularia alteration and sphalerite-
chalcopyrite mineralisation belonging to the epi-
thermal deposit type. The porphyry deposit type is
overprinted by epithermal deposits.
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B PATOHAX PEK BABAK W CUTYHTY, ITAJIONO, FOKHBINA CYJABECH, UHAOHE3USA
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Pe3tome. Viccnenopanue OpUI0 MpoBeneHO Baosb pek Curynry u babak B paiione Jlatymnma, ropox [amono, FOxusiii CynaBecu.
Llenpio maHHOTO HCCIENOBAHUS SIBISIETCA M3ydeHHE METPOreHe3uca TPaHUTOUIHBIX MOPOJ U MX BIMSHMS Ha MPOLECCH THAPOTEp-
MaJbHONH MHHepanu3aluu. B paboTe MCHONB30BANNCh METOBI JETAIBHBIX MOJEBBIX HAOMIOACHUN B COUETAaHHH C MHKPOCKOIMYE-
CKMMH JJaDOPaTOPHBIMU HCCIIEAOBAaHUAMH, BKIIOYAIOIIMMHU NeTporpaduueckuil 1 MUHeparpaguueckiuid aHaIM3bl, a TAKKE TeOXUMU-
YeCKHH aHaJIM3 OCHOBHBIX OKCHIOB HOpPOJ METOAOM peHTreHodyopecuenTHol crekrpockornmu (XRF). Paiion uccnenoBanmii mpe-
HUMYILIECTBEHHO CJIOKCH IUTyTOHHYECKHMH MTOPOIaMH, KIACCH(HUIPYEMbIMU KaK TPAaHUTONABI, BKJIFOUast KBapIEBHIN THOPUT, TPaHO-
JMOPHUT U TOP(QUPOBBIA KBapIEBEII MOHIIOHUT, a TaKKe CyOBYJIKaHMYECKHE HMOPOJBI, MPEACTABICHHbIE TOPGHPOBHIM aH/IC3UTOM.
I'eoxumudeckye TaHHBIE 0 TPAHUTOUIHBIM ITOPOJIaM, IOABEPTIINMCS THAPOTEPMAIBHOI IepepaboTKe, B YaCTHOCTH IO IPaHOINO-
pHUTy 1 TOPGHUPOBOMY KBApPIIEBOMY MOHIIOHHUTY, CBUAETENLCTBYIOT 00 nX 00pa30BaHMU U3 KUCIBIX MarM ¢ COCTaBOM OT TPAHOANO-
puTa 1o rpaHuTa. JJaHHbIE OPOABI OTHOCATCS K IpaHUTOMAAaM [-THNa, XapakTepu3yTCsl BBICOKOKAINEBOM KaIbIMHU-IIEIOUHON Ce-
pueii, MeTa-aTIOMUHHUEBBIM JI0 ¢1a00 MEePaTIOMIHHAEBOTO COCTABOM M MarHe3nalbHOM mpupoaoil. Hanmyme Tpex THIIOB rpaHUTOUIOB
yKa3bIBaeT Ha MHOTO(a3HyI0 HHTPY3UBHYIO AESITENHHOCTh B IIPEeNax HCCIeqyeMoil Teppuropuu. B pesynprare 310 AeaTenbHOCTH
c(hOPMHUPOBAIICH KAJIMEBBIE aCCOLMAINY THIPOTEPMAIbHOTO H3MEHEHHS, XapaKTepU3YIOIIHecss BTOPHYHBIM OHOTHTOM, BTOPUYHBIM
KaJHMEBbIM IOJIEBBIM ILIIATOM, aHTHJIPUTOM U MAarHETUTOM; BHYTPEHHSS IPONWINTOBAas acCOLUAalUsA ¢ aKTMHOJIMTOM, 3IMUI0TOM U
JIMACTIOPOM; a Takke (MIUIMTOBAsi acCOLMALV, TPECTaBICHHAasl CEPULIMTOM, KBapIeM, XJIOPUTOM U IHUPUTOM. ACCOIMHUPOBAHHAS
MHUHepaH3ays OOpHUTA, XAIBKONUPHTA M KOBEJUTMHA XapaKTepHa JJI1 MEeCTOpOKaeHHui nopduposoro tuma. B ormimume ot sroro,
CyOBYyJIKAaHUUECKHE HHTPY3UH 00YCIIOBIIIM Pa3BUTHE aly SIPHBIX H3MEHEHHBIX aCCOLMALUH, BKIIOYAOINX aXyJIsap, CEpULUT, KBapIl
U THPHT, CONIPOBOXKAAEMBIX MUHEpanu3anuei cdanepura U XalIbKOMUPHUTA, THITUIHOM IS SIUTepPMabHBIX MECTOpPOXKAeHHH. B me-
JIOM, THAPOTEPMAJIbHBIE N3MEHEHUS 1 MUHEPAIN3alusl YKa3bIBalOT HA HAIOXKEHNE SMUTePMaNbHBIX CUCTEM Ha Ooliee paHHHE TOphH-
POBBIE CHCTEMBI, CHOPMHUPOBAHHBIE B CHHKOJUIM3HOHHON TEKTOHHYIECKOH 00CTaHOBKE, KOTOpast SBOMIOIMOHUPOBAa B CTOPOHY pac-
TSDKEHHS 3eMHOM KOPBI ¥ COIIPOBOJKAIACh SKCTyManuel TPaHUTOMIHBIX OPOJ] K IPHIIOBEPXHOCTHBIM YPOBHIM KOPBIL.

Knroueswie cnosa: nempozenes, anbmepayus, MUHEPAIU3ayus, 2UOpomepmanvrolil epanumouo, p. Cueynmy, p. babak

INDONEZiYADA CONUBIi SULAVESININ PALOPO OYALOTINDO BABAK VO SIQUNTU CAYLARINDA
COXFAZALI INTRUZIiV SUXURLARIN PETROLOGIiYASI, DOYIiSDIRILMOSi VO MiNERALLASMASI
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Xiilasa. Todgigat Conubi Sulavesinin Palopo soharinin Latuppa bolgesindoki Siguntu va Babak ¢aylart boyunca aparilmigdir. Bu
todgiqatin magsadi granit siixurlarin petrogenezini vo onlarin hidrotermal minerallasma proseslarine tasirini 6yronmokdir. 9sordo
petrografik vo mineralografik analizlor, homg¢inin rentgen fliioresan spektroskopiya (XRF) tsulu ilo siixurlarin asas oksidlarinin
geokimyovi analizi daxil olmagla mikroskopik Laboratoriya tadgiqatlar: ilo birlikds strafli modon miisahidslori metodlarindan isti-
fads edilmisdir. Todqigat sahasi asason kvars diorit, granodiorit va porfir kvars monsonit va porfir andezit ilo tomsil olunan subvul-
kanik siixurlar da daxil olmaqla granitoidlor kimi tosnif edilon plutonik siixurlardan ibarastdir. Hidrotermal emaldan kegmis granitoid
stixurlari, xtisuson granodiorit vo porfir kvars monsoniti tigiin geokimyavi molumatlar, granodioritdon granito godor olan torkibi olan
tursu magmalardan omalo galdiyini gostorir. Bu siixurlar | tip granitoidlors aiddir, yiiksok kalium kalsium-gslovi seriyasi, meta-
alliminiumdan bir qodor peralumin torkibine vo magneziya tobistine malikdir. Ug nov granitoidin olmasi tadgiq olunan orazids gox
fazali miidaxils faaliyyatini gostorir. Bu foaliyyat naticasinds ikincil biotit, ikincil kalium feldispat, anhidrit vo magnetit ilo xarakter-
izo olunan hidrotermal doyisikliyin kalium birlogsmalori meydana goldi; aktinolit, epidot vo Diasporla daxili propilit slagssi; serisit,
kvars, xlorit vo pirit ilo tomsil olunan fillit Darnayi. Bornit, xalkopirit vo kovellinin slageli minerallagmasi porfir tipli yataqlar tigiin
xarakterikdir. Bunun oksino olaraq, subvulkanik miidaxilolor epitermal yataglara xas olan sfalerit vo xalkopiritin minerallagmas ilo
miisayiot olunan adulyar, serisit, kvars va pirit daxil olmagla adulyar doyisdirilmis birlosmelarin inkisafina sobob oldu. Umumiyyatlo,
hidrotermal doyisikliklor vo minerallasma, yer gabiginin uzanmasina dogru inkisaf etmis vo qranitoid siixurlarin gabigin soths yaxin
soviyyalorina eksqumasiyasi ilo miisayiot olunan sinkollizasiya tektonik soraitdo omalo golon ovvalki porfir sistemlorinds epitermal
sistemlorin tist-iisto diigmosini gostarir.

Agar sézlar: petrogenez, alterasiya, minerallasma, hidrotermal granitoid, River Siquntu, River Babak
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