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A geological, geochemical and isotopic study on granitoids and their weathered crusts was
conducted at Sibolga, Panyabungan, Muarasipongi, and Kotanopan in the western part of North
Sumatra, Indonesia. The objectives of this study are to understand the geological occurrences of
granitoids, geochemical characteristics of rare earth elements (REE) in granitoids and their behavior
in weathered crusts of granitoids. The study was conducted on the basis of microscopic observations,
X-ray diffractometry (XRD), scanning electron microscopy (SEM-EDS), X-ray fluorescence
spectrometry (XRF), inductively coupled plasma — mass spectrometry (ICP-MS), thermal ionization
mass spectrometry (TIMS), and sequential leaching of REE.

Granitoids in Sibolga are, calk-alkaline, ilmenite-series, mainly peraluminous, I-/A-type and
are classified into quartz alkali feldspar syenite, quartz syenite, alkali feldspar syenite, alkali feldspar
granite, syenogranite, and monzogranite. Cordierite and corundum occur as Xxenocrysts and
inclusions in K-feldspar in syenogranite, quartz alkali feldspar syenite and quartz syenite from
Sarudik, Sihobuk and Adian Koting. P,Os contents of the granitoids tend to decrease as *REE
contents increase. LREE and HREE are enriched in alkali feldspar syenites from Sibolga Julu and
Tarutung.

Ganitoids in Panyabungan are calk-alkaline to alkali calcic, ilmenite- and magnetite-series,
metaluminous to peraluminous, S- and I-type, and are classified into monzonite, monzodiorite,
diorite, syenite, syenogranite, quartz syenite, alkali feldspar granite, quartz alkali feldspar syenite
and alkali feldspar syenite. Coexistence of metaluminous, I-type and magnetite-series quartz alkali
feldspar syenites and peraluminous, S-type and ilmenite-series granites at Tano Tombangan suggests
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that those granitoids were derived from different sources. SiO, and XREE, P,0Os, and Rb/Sr are
positively correlated. P,Os contents of the granitoids tend to increase as ZREE contents increase.
LREE are enriched in alkali feldspar syenite from Pintu Padang Julu and quartz alkali feldspar
syenite from Tanjung Jae. ZREE contents are high in the S-type and ilmenite-series granitoids than
the magnetite-series granitoids, which contain allanite and apatite.

Granitoids in Kotanopan are calk-alkaline, magnetite- and ilmenite-series, peraluminous, and
I-type, and are classified into quartz monzonite, monzogranite, syenogranites, tonalites, and
granodiorite. Monzogranite, and quartz monzonite from Kotanopan are metaluminous to slightly
peraluminous, calcic to alkali-calcic, while a granodiorite from Tanjung Alai is metaluminous and
calcic.

The initial Sr isotopic ratio (Sr;) of syenogranite from Sarudik is high (0.724128), suggesting
that the syenogranite magma has resulted from partial melting of granitic crusts and was probably
contaminated with metasedimentary rocks in the upper crust. The Sr; of Sibolga granitoids ranges
from 0.710700 to 0.724100, that from Panyabungan ranges from 0.709382 to 0.712104. The Sr; of
granitoids from Sibolga and Panyabungan are lower than those of granitoids from Klabat Suites and
Bebulu from Bangka Island. The 8’Sr/®®Sr of quartz alkali feldspar syenite from Pintu Padang Julu
(0.710812), and Tukka (0.710700) suggest that most probably they belong to the Main Range
granitoids. Metaluminous and I-type granitoids of Sibolga were produced by Paleo-Tethys
subduction beneath amalgamated Western Sumatra Block, East Malaya and Indochina in Early
Permian, followed possibly by the tectonic translation which resulted in peraluminous,
ilmenite-series and A-type granitoids in Sibuluhan Sihaporas, Sibolga Julu, Sarudik and Tarutung.
Peraluminous, ilmenite-series and S-type granitoids at Panyabungan, and I-type granitoids from
Muara Sipongi and Kotanopan were formed due to the Early Triassic to Early Jurrasic subduction of
Meso-Tethys beneath the amalgamated Western Sumatra Block and Sibumasu.

Highly differentiated ilmenite-series 1-/A-type granitoids are the parent rocks of the weathered
crusts in Sibolga. Allanite and titanite were present in the parent granitoids at Sibuluhan Sihaporas,
but they were decomposed in the weathered crusts. Ce was predominantly accumulated in the upper
part of weatherd crust due to oxidation of Ce** to Ce**, while most of the REE** moved to the lower
part by acidic soil water and they were adsorbed mainly onto halloysite group minerals and gibbsite.
The P,0s5 contents of the weathered crusts of granitoids at the outcrop Sibuluhan Sihaporas A and the
outcrop Sibuluhan Sihaporas B tend to be higher than those of the parent rocks, suggesting the
occurrence of secondary phosphate minerals in the weathered crusts. XREE contents of the
weathered crusts in Sibolga are lower than those of their parent rocks indicating that REE were
leached out during weathering.

The volume of the weathered granitoids at Sibuluhan Sihaporas A decreased by the weathering
process, while that at Sibuluhan Sihaporas B increased. The negative values of elemental change (1))
(La, Ce, Pr,Nd, sm, Dyand er) O  the weathered crusts of Sibuluhan Sihaporas A, Sibuluhan Sihaporas B,
Sarudik and Sibolga Julu suggest losses of those elements. On the other hand the positive values of
Tj (Eu, Gd, Tb, Ho, Tm, Yb and v) SUggest addition of these elements. The values of elemental mobility depend
on decomposition of allanite and titanite during weathering and the existence of residual xenotime.
The positive values of Eu, Gd, Th, Ho, Tm, Yb and Y suggest probably by decomposition of titanite
and they were immobilized by mainly of kaolinite.
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