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ABSTRACT

Five samples consisting of two Permian-Triassic basalts, two Triassic-Jurassic granitic rocks, and 

a Miocene andesite were collected from the Madina Regency area in North Sumatra that is regionally 

situated on the West Sumatra Block. Previous authors have proposed three different scenarios for the 

geological setting of West Sumatra Permian Plutonic-Volcanic Belt, namely an island-arc, subduction 

related continental margin arc, and continental break-up.

Petrographic analysis of the Mesozoic basaltic samples indicates that they are island-arcs in origin; 

however their trace element spider diagram patterns (Rock/MORB ratio) also show the character of 

back-arc marginal basin, besides the island-arc. Furthermore, their REE spider diagram patterns (Rock/

Chondrite ratio) clearly reveal that they were actually generated in a back-arc marginal basin tectonic 

VHWWLQJ��0HDQZKLOH��WKH�WZR�0HVR]RLF�JUDQLWLF�URFNV�DQG�WKH�0LRFHQH�DQGHVLWH�UHÀHFW�WKH�FKDUDFWHU�RI�

DQ�DFWLYH�FRQWLQHQWDO�PDUJLQ��7KHLU�VSLGHU�GLDJUDP�SDWWHUQV�VKRZ�D�VLJQL¿FDQW�HQULFKPHQW�RQ�LQFRPSDW-

LEOH�HOHPHQWV��XVXDOO\�GHULYHG�IURP�ÀXLGV�RI�WKH�VXEGXFWHG�VODE�EHQHDWK�WKH�VXEGXFWLRQ�]RQH��7KH�KLJK�

enrichment on Th makes their plots on Ta/Yb versus Th/Yb diagram are shifted to outside the active 

FRQWLQHQWDO�PDUJLQ�¿HOG��$OWKRXJK�WKH�YROFDQLF�SOXWRQLF�SURGXFWV�UHSUHVHQW�GLIIHUHQW�DJHV��WKHLU�/D�&H�

ratio leads to a probability that they have been derived from the same magma sources.

This study offers another different scenario for the geological setting of West Sumatra Permian 

Plutonic-Volcanic Belt, where the magmatic activities started in a back-arc marginal basin tectonic setting 

during the Permian-Triassic time and changed to an active continental margin during Triassic to Miocene.

The data are collected through petrographic and chemical analyses for major, trace, and REE includ-

ing literature studies.

Keywords: Mesozoic, volcanic-granitic rocks, back-arc marginal basin, active continental margin, 

magma sources

SARI

Lima percontoh batuan yang terdiri atas dua basal berumur Perem-Trias, dua batuan granitik 

berumur Trias-Jura, dan satu andesit berumur Miosen telah diambil dari daerah Kabupaten Madina, 

Sumatra Utara, yang secara regional terletak pada Blok Sumatra Barat berumur Perem. Para peneliti 

terdahulu mengusulkan tiga skenario yang berbeda untuk kondisi geologi pembentukan Sabuk Vulkanik-

Plutonik Sumatra Barat tersebut, yakni suatu busur kepulauan, busur tepian benua yang berhubungan 

dengan penunjaman/subduksi, dan “pecah”nya benua.

$QDOLVLV�SHWURJUD¿�SHUFRQWRK�EDVDO�EHUXPXU�0HVR]RLNXP�WHUVHEXW�PHQJLQGLNDVLNDQ�EDKZD�PHU-

eka berasal dari lingkungan tektonik busur-kepulauan, tetapi pola diagram laba-laba unsur jejaknya 

(untuk rasio Rock/MORB), juga menunjukkan karakter tepian cekungan busur-belakang, di samping 

lingkungan busur-kepulauan. Lebih jauh lagi, pola diagram laba-laba unsur REE-nya (untuk rasio Rock/

&KRQGULWH��PHQJXQJNDSNDQ�EDKZD�VHEHQDUQ\D�PHUHND�WHUEHQWXN�SDGD�OLQJNXQJDQ�WHSLDQ�FHNXQJDQ�

EXVXU�EHODNDQJ��6HPHQWDUD� LWX��GXD�EDWXDQ�JUDQLWLN�EHUXPXU�0HVR]RLNXP�GDQ� VDWX�EDWXDQ�DQGHVLW�

berumur Miosen mencerminkan karakter tepian benua aktif. Pola diagram laba-labanya menunjukkan 

SHQJD\DDQ� \DQJ� VLJQL¿NDQ� WHUKDGDS�XQVXU� LQNRPSDWLEHO� \DQJ� NHPXQJNLQDQ�EHVDU�GLVHEDENDQ�ROHK�

proses-proses kontaminasi selama perjalanan magma menuju permukaan. Tingginya pengayaan pada 

1DVNDK�GLWHULPD����2NWREHU�������UHYLVL�NHVDWX�����-DQXDUL�������UHYLVL�NHGXD�����0DUHW��UHYLVL�WHUDNKLU������$SULO�����
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INTRODUCTION

Sumatra has experienced long magmatic pro-

cesses during its geological history since Paleozoic 

or Mesozoic up to the present time. The presence 

of metavolcanics in the Kuantan Formation (Gafoer 

& Purbo-Hadiwidjojo, 1986; Silitonga & Kastowo, 

1975, 1995), that is Carboniferous (Early or Mid to 

Late Visean) in age (Fontaine & Gafoer, 1989), indi-

cates that the volcanic activities already took place in 

Sumatra before the deposition of the formation. The 

track of the Carboniferous volcanism is also noted 

by Cameron et al. (1982a) through the discovery of 

JUHHQ�PHWDYROFDQLFV�ZLWKLQ�WKH�$ODV�)RUPDWLRQ��LQ�

the Medan Quadrangle that may be of Visean age, 

like the associated limestone. 

The Permian volcanism is reported on both 

East and West Sumatra Blocks. It is marked on the 

Eastern Block by Katili (1973) on the basis of Rb-Sr 

age determinations on feldspars of Setiti batholiths 

giving ages of 298 ± 30 Ma (brecciated granite) 

and 276 ± 10 Ma (sheared granite). Furthermore, 

Suwarna et al. (1991) indicate that the volcanic 

Condong Member of the Mentulu Formation near 

Tigaluluh Mountains (Simanjuntak et al., 1991) is 

also of Permian age. On the Western Block, Lower 

- Middle Permian volcanic and sediments and sev-

eral associated granitic plutons crop out and form 

a discontinuous belt, much disrupted by strike-slip 

movements along the Sumatra Fault Zone, parallel 

to the west coast of the island (Crow, 2005). The 

products of Permian volcanism on the Western 

%ORFN�DUH�OLVWHG�DV�6LEROJD�JUDQLWH��$VSGHQ�et al., 

1982b), Silungkang Formation (Katili, 1969; Fon-

taine & Gafoer, 1989; Silitonga & Kastowo, 1975), 

Palepat Formation (Fontaine & Gafoer, 1989) and 

Kuantan Formation (Silitonga & Kastowo, 1975). 

The Madina Regency area is situated in the West 

Sumatra Block.

Three different geological settings for the West 

Sumatra Permian Plutonic-Volcanic Belt have been 

proposed, namely an island-arc, subduction related 

continental margin arc and continental break-up 

(Crow, 2005). The West Sumatra Permian Plutonic-

Volcanic Belt is referred to as the “Palepat Terrane” 

by McCourt et al. (1996) who discuss the suggestion 

by Wajzer et al. (1991) that the Palepat Terrane re-

presents an allochthonous oceanic arc which collided 

with Sumatra in the Late Permian or Early Triassic. 

This interpretation was adopted by Metcalfe (2000). 

This hypothesis is denied by Barber (2000) based 

on the reason that oceanic volcanic and ophiolite 

KDYH�QRW�EHHQ�LGHQWL¿HG��QRU�LV�WKH�3DOHSDW�7HUUDQH�

bounded along its eastern boundary by thrust (Katili, 

1970), as had been supposed previously. Cretaceous 

ophiolite outcrops shown within Early Permian 

sediments in the Solok Quadrangle by Gafoer et 

al. (1992a) are basaltic lavas interbedded within 

phyllites and quartzite of the Phyllite and Shale 

Member of the Kuantan Formation (Silitonga & 

Kastowo, 1975). These basalts are now considered 

to be an outlier of the Calcareous Member of the 

Silungkang Formation and are not associated with 

ultrabasic rocks. Thus, their ophiolite association is 

not established. 

The second geological setting was proposed 

by Katili (1969, 1972, 1981) that interpreted the 

Volcanic Member of the Silungkang Formation, the 

Palepat Formation, and the associated granite suite, 

as relicts of a continent margin magmatic arc of a 

unsur Th telah menyebabkan hasil plot batuan tersebut dalam diagram Ta/Yb versus Th/Yb menjadi bergeser 

NHOXDU�DUHDO�WHSLDQ�EHQXD�DNWLI��0HVNLSXQ�SURGXN�SURGXN�YXONDQLN�GDQ�SOXWRQLN�WHUVHEXW�PHZDNLOL�XPXU�

\DQJ�EHUEHGD�EHGD��QDPXQ�UDVLR�/D�&H�Q\D�EHUPXDUD�SDGD�VXDWX�NHPXQJNLQDQ�EDKZD�PHUHND�EHUDVDO�

dari sumber magma yang sama.

6WXGL�LQL�PHQDZDUNDQ�VDWX�VNHQDULR�ODLQ�\DQJ�EHUEHGD�XQWXN�NRQGLVL�JHRORJL�6DEXN�9XONDQLN�3OXWRQLN�

6XPDWUD�%DUDW�\DQJ�PHQ\DWDNDQ�EDKZD�DNWLYLWDV�PDJPDWLN�WHODK�GLPXODL�SDGD�NRQGLVL�FHNXQJDQ�EXVXU�

belakang selama Perem-Trias dan kemudian berubah menjadi lingkungan tepian benua aktif sejak Trias 

hingga Miosen.

6HPXD�GDWD�GLGDSDW�GDUL�KDVLO�DQDOLVLV�SHWURJUD¿�GDQ�NLPLD�XQWXN�XQVXU�XWDPD��MHMDN��GDQ�XQVXU�WDQDK�

jarang, termasuk studi literatur.

Kata kunci:�0HVR]RLNXP�� EDWXDQ� YXONDQLN�JUDQLWLN�� FHNXQJDQ�EXVXU�EHODNDQJ�� WHSLDQ�EHQXD�DNWLI��

sumber magma
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subduction origin. This interpretation is supported 

by the presence of tholeiitic and calc-alkaline trends 

in these volcanics (Suwarna et al., 2000). The loca-

tion of this magmatic arc in the palaeogeographic 

reconstruction would have been on the southern 

margin of the Cathaysian supercontinent, where it 

might have been related to a contemporary Permian 

magmatic arc in the Indochina Block of East Ma-

laysia Peninsula described by Cobing et al. (1992). 

The third alternative was proposed by Suparka & 

$VLNLQ��������ZKR�DVVXPHG�WKDW�YROFDQLFV�UHSUHVHQW�

igneous activity associated with a passive continent 

margin. Charlton (2001), on the palaeogeographic 

term, has indicated that the West Sumatra Perm-

ian volcanics were related to the break-up at the 

Gondwana-Cathaysia interface. In this hypothesis, 

the volcanism was associated with the thermal uplift 

of the Gondwana margin (Veevers & Tewari, 1995) 

ZKLFK�FRLQFLGHG�LQ�WKH�$VVHOLDQ�ZLWK�WKH�FRQFOXVLRQ�

of the Gondwana glaciations and the start of the 

VHD�ÀRRU� VSUHDGLQJ� LQ�0HVR�7HWK\V��&URZ��������

indicated, based on timing and chemistry of the west 

Sumatra Permian Plutonic-Volcanic Belt, that it was 

linked both with subduction and continent margin 

IDXOWLQJ�VHDÀRRU� VSUHDGLQJ��EXW� WKH� FKHPLFDO�GDWD�

do not discriminate which process was dominant at 

any particular time.

For the granitic rocks on Sundaland, there are 

two hypotheses through which the granites were 

produced. They have developed through two con-

trasting geological cycles, a Carboniferous-Permian 

cycle of convergence and collision followed by a 

younger Triassic-Early Jurassic cycle in which a new 

subduction zone was formed along the southwestern 

margin of the new continent (Hutchison, 1994; Mc-

Court et al.���������'XULQJ�WKH�¿UVW�PHFKDQLVP��WKH�

different accreted terrains were host rocks to granites 

which, because of their contrasting geochemical 

and isotopic characters seemed to mirror the lower 

crustal regions from which they were derived (Cob-

bing, 2005). These terrains are distinguished most 

clearly in Malaysia and Thailand Peninsulas as con-

trasting belts which are additionally characterized by 

stanniferous S-type and generally non-stanniferous 

I-type granites (Beckinsale, 1979). The second cycle 

generated granites having a wide compositional 

range from diorite to monzogranite were associ-

ated with the development of a Late Triassic-Early 

Jurassic volcanic arc along the southern margin of 

Sundaland. McCourt et al. (1996) indicated that the 

two cycles were overlapped in Sumatra.

The aim of this paper is to discuss the geologi-

cal setting of Sumatra Permian Plutonic-Volcanic 

Belt based on the rock chemistry of Mesozoic vol-

canic and plutonic rocks collected on an area near 

Panyabungan, Kotanopan, and Muara Sipongi, in 

WKH�0DGLQD�5HJHQF\�DUHD��$OWKRXJK� WKH�DQDO\]HG�

samples are limited, the data are considered to be 

helpful in order to improve the understanding about 

petrogenesis of the Sumatra Pre-Tertiary Plutonic-

Volcanic Belt.

Geological Setting

The Madina Regency area is covered by various 

types of lithology and age (Figure 1). The oldest 

one is the Kuantan Formation that is Permian-

Carboniferous in age, consisting of Limestone 

(meta-limestone) and Pawan Members (composed 

of metalimestone and basic schistose metavolca-

nics). They are comparable to the Kluet Formation 

that belongs to the Tapanuli Group which crops 

out mostly in the northern part of Sumatra. On the 

Padangsidempuan Quadrangle Sheet to the north, the 

change from the Kluet to Kuantan Formations was 

set arbitrarily where there is a break in the outcrop 

at 990 (�ORQJLWXGH��$OGLVV�et al., 1983). The outcrop 

of the Kuantan Formation extends along the core 

of the Barisan Mountains from Padangsidempuan 

to the latitude of Padang. Silitonga & Kastowo 

(1975) distinguished a Lower Member dominated by 

quartzite and quartz sandstone, rarely conglomeratic, 

with interbedded shales usually metamorphosed to 

slates or phyllites. 

In contact with the Kuantan Formation, there 

are several Mesozoic magmatic bodies that crop out 

as the Panyabungan Batholith and Muara Sipongi 

granitic intrusions. The Panyabungan Batholith 

shows a wide range composition from granite, 

microgranite, leucogranite, and micadiorite where 

some are distinctly foliated to gneissose and others 

are sheared (Rock et al., 1983). The batholith is pro-

bably Permian-Triassic in age and it has experienced 

PHWDPRUSKLVP�DV�ZHOO�DV�WKH�7DSDQXOL�*URXS��.�$U�

age determination on a cataclased biotite granodio-

ULWH��ZKLFK�ZDV�WDNHQ�IURP�ÀRDWV�LQ�D�ULYHU�(DVW�RI�

Panyabungan, gives an age of 121 ± 1 Ma (Rock et 
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al., 1983). The Muara Sipongi intrusions have also a 

widely variation in composition from granite, grano-

diorite until diorite and often carrying basement 

xenoliths. Stephens et al. (1987) reported, based 

on sample taken from Batang Gadis area, that the 

intrusions show calc-alkaline granitoids character 

and exhibit Na2O/K2O ratios greater than 1.0 and 

low to zero normative corundum. Trace element 

patterns are entirely typical of orogenic granitoids 

and match with the type of island or immature 

continental arcs (Brown et al., 1984). The salient 

features being comparable Ba and Rb enrichment, 

QR�6U�GHSOHWLRQ�DQG�ORZ�1E��.�$U�DJHV�IRU�ELRWLWH�

VHSDUDWHV�VKRZ�D�UDQJH�IURP�����WR�����0D���$�VLQJOH�

.�$U�PLQHUDO�DJH�RI�����0D�ZDV�UHSRUWHG�E\�5RFN�

et al. (1983), but for this case the material dated is 

QRW�VSHFL¿HG�DQG�WKH�VDPSOH�ORFDWLRQ�LV�LQ�GRXEW��7KH�

rocks were also analyzed for Rb-Sr isotopes and the 

whole rock isochrons give an age of 158 ± 23 Ma 

for the emplacement of Muara Sipongi Batholith. 

+HKXZDW�	�6RSDKHOXZDNDQ�������� WKURXJK�.�$U�

determination got an age of 196.7 ± 2.4 Ma for the 

Muara Sipongi intrusions

In association with the Panyabungan or Muara 

Sipongi intrusions, several outcrops of the Silung-

kang Formation can be observed. It belongs to the 

Peusangan Group that is Permian-Triassic in age. 

The formation consists of limestone, metalimestone, 

basic metavolcanics, metatuffs, and volcaniclastic 

sandstones. 

Eastwards from the batholiths, the area is cover ed 

largely by the Sihapas Formation consisting of the 

Kanan and Cubadak Members of Early Tertiary in 

age. They are composed of sediments such as clean 

quartz, sandstones, carbonaceous shales, siltstones, 

and conglomerates. On the western part, the area is 

dominated by the Woyla Group Melange (Jurassic 

in age) consisting of greenstone, metawackes, meta-

tuffs, metalimestone, serpentine, varies coloured 

cherts, and talcose schist. The area between the 

batholiths and the Woyla Group Melange is mostly 

covered by undifferentiated volcanics that are Mio-

cene in age. They are dominantly stratiform volca-

nics and their volcanic centre are not traceable any 

PRUH��$PRQJ�DOO�WKH�SUHYLRXVO\�PHQWLRQHG�OLWKRORJ\��

Tertiary intrusions occur mostly towards the west 

coast of the island. There are two episodes of the Ter-

tiary intrusions, namely during Oligocene-Eocene 

SURGXFLQJ�WKH�0DQXQJJDO�%DWKROLWK���$LU�%DQJLV�DQG�

Kanaikan intrusions, and during the Late Miocene-

Pliocene including the Timbahan and Parlampungan 

LQWUXVLRQ��DQG�%LQDLO�PLFURJUDQLWHV��7KH�¿UVW�SHULRG�

intrusions show a narrower variation in composition 

ranging from granite, adamelite, and granodiorite, 

Figure 1.  Geological sketchmap of the Madina Regency area (after Rock et al., 1983).

Tertiary Intrusions

Sorik Merapi Volcanics

Woyla Group

Kuantan Formation

Undifferentiated Volcanics

Silungkang Formation

Mesozoic Intrusion

Undifferentiated Mesozoic

Sihapas Formation

Malintang Volcanics

Saligaro Volcanics Formation

Muarasoma Formation
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while the second period intrusions have a wider 

range in composition from granite, granodiorite to 

diorite. Westwards from Kotanopan, there stands the 

Sorik Merapi Volcano that cover its surrounding area 

with its Quarternary volcanic products as well as for 

the Malintang Volcano in the south.

SAMPLE LOCATION AND ANALYTICAL METHOD

More than forty rock samples were collected 

IURP�WKH�0DGLQD�5HJHQF\�DUHD��EXW�RQO\�¿YH�VDPSOHV��

analyzed for major, trace, and rare earth elements. 

Two of them are intrusive granitoid rocks and the rest 

three others are volcanics. The intrusion samples are 

UHSUHVHQWHG�E\�VDPSOHV�3<%���$�DQG�.13���WKDW�

were taken from the Panyabungan Batholiths and 

sample MS-16 collected from the Muara Sipongi 

intrusions (Figure 2), while the volcanic samples 

are PYB-3 and MS-14. The sample labelled MS-14 

belongs to the Silungkang Formation (Permian-

Triassic) that crops out on the Muara Sipongi River, 

while the samples PYB-3 represents the undifferenti-

ated volcanic unit (Miocene).

7KH�FKHPLFDO�DQDO\VLV�ZDV�GRQH�E\�$FWLYDWLRQ�

Laboratories in Canada under the analysis code 

4Litho. They have developed a lithium metaborate/

tetraborate fusion ICP Whole Rock Package and a 

trace element ICP/MS package which is unique for 

the scope of elements and detection limits.  The two 

packages are combined for Code 4Litho and Code 

4Lithoresearch.

RESULTS

Petrography

Two samples collected from the Panyabungan 

DUHD��QDPHO\�3<%���DQG�3<%���$��UHSUHVHQW�WZR�

GLIIHUHQW�OLWKRORJLHV�DQG�DJH��7KH�¿UVW�VDPSOH��3<%�

3) is pyroxene andesite in composition, represent-

ing the undifferentiated volcanic rock type that is 

Miocene in age. It was collected near the road from 

Panyabungan to Natal (Figure 2). Petrographically, 

WKH� URFN� VKRZV� D�SKRUSK\ULWLF� WH[WXUH� DQG� D�ÀRZ�

structure with their phenocryst is up to 4 mm in 

size, embedded in a groundmass of around 0,01mm 

in average. The phenocrysts comprise plagioclase, 

ortho- and clinopyroxene, and a minor amount of 

olivine and magnetite. They are invariably already 

replaced by chlorite and some parts have been oxi-

dized. The plagioclase is labradorite and andesine 

W\SHV��ZKLOH� WKH� S\UR[HQH� LV� LGHQWL¿HG� DV� K\SHU-

sthene and augite showing pleochroism. The ground 

Figure 2.  Sample location map around Panyabungan, Kotanopan, and Muara Sipongi in the Madina Regency area.
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mass is dominated by volcanic glass and microlath 

SODJLRFODVH�LQ�ZKLFK�WKH�JODVV�VKRZV�D�GHYLWUL¿FDWLRQ�

SDUWO\�LQWR�FKORULWH�DQG�FDUERQDWH��$�PLQRU�DPRXQW�

RI�VHFRQGDU\�VLOLFD�ZDV�IRXQG�DV�D�¿OOLQJ�PDWHULDO�

for its vesicular structure. The magnetite and olivine 

are present only in a few amounts. 

7KH�VHFRQG�VDPSOH��3<%���$��EHORQJV�WR�WKH�

Panyabungan Batholiths and was collected in the 

Panyabungan area, northeastward from Panyabu-

ngan Town (Figure 2). It is granitic in composi-

tion and Permian-Triassic in age. The rock shows 

inequigranular texture, holocrystalline character 

and intergrowth structure between orthoclase and 

TXDUW]��,W�FRQVLVWV�RI�.�IHOGVSDU�WKDW�LV�LGHQWL¿HG�DV�

orthoclase, quartz, biotite, hornblende, albite, and 

minor amount of muscovite and opaque. The crystals 

vary from 0,05 to 8,0 mm in size, averaged around 

4 to 5mm. The quartz and K-feldspar usually show 

undulating extinction, while the biotite and horn-

blende occur as green subhedral prismatic crystals 

VKRZLQJ�VWURQJ�SOHRFKURLVP��$PRQJ�WKH�PHQWLRQHG�

minerals, many small grained clinozoisite and a 

small amount of epidote are present together with 

grains of opaque, while the hornblende and biotite 

have been altered partly into chlorite. The rock is 

FODVVL¿HG�DV�PHWDJUDQLWH�

The only one sample collected near Kotanopan 

that was analyzed chemically for major, trace, and 

rare earth elements of the whole rock is the KNP-

�� VDPSOH��7KLV� VDPSOH� LV� LGHQWL¿HG� DV�PHWDJDE-

bro that its presence is never reported before. It 

was found in association with the Panyabungan 

Batholith. The rock shows a relatively equigranular 

texture and it is composed dominantly of plagio-

clase, green antophyllite, and grained magnetite. 

The plagioclase occurs as euhedral to subhedral 

prismatic crystals in a big size (up to more than 4 

mm) and it is sometimes found as inclusions in the 

antophyllite. In some crystals, they are changed into 

carbonate in a small amount along their twinning 

line. The antophyllite is believed to be derived 

from pyroxenes showing strong pleochroism, and 

in some cases they are present as aggregates in 

association with chlorite, carbonate and epidote. 

The magnetite spreads usually in association with 

antophyllite. Some carbonate veinlets are observed 

cutting the thin section. 

There are two analyzed samples that were 

taken from an area near Muara Sipongi, namely 

MS-14 and MS-16. They have different composi-

tion and age where the MS-14 sample represents a 

volcanic product within the Silungkang Formation 

(Permian-Triassic), while the MS-16 represents 

the Muara Sipongi intrusion. The MS-14 sample 

cropping out in the Muara Sipongi River is identi-

¿HG� DV� S\�UR[HQH�EDVDOW� WKDW� VKRXOG�EHORQJ� WR� WKH�

metavolcanic member of the formation. It shows 

an intergranular texture with size ranging from 0.05 

to 4.0 mm. The rock comprises plagioclase, ortho-

and clinopyroxene, olivine, and magnetite, while 

WKH�VSDFH�DPRQJ�WKH�FU\VWDOV� LV�¿OOHG�E\�YROFDQLF�

glass and plagioclase laths. The plagioclase occurs 

as euhedral to subhedral prismatic crystals, up to 2 

mm in size and some crystals show multiple twin-

nings. Some of them have been changed in a small 

part into carbonate. The pyroxene is distinguished 

into augite and hypersthenes and they have in some 

parts already changed into carbonate, clinozoisite, 

epidote, and chlorite. Some augites are present as 

big crystals, up to more than 5 mm.

$QRWKHU�VDPSOH�FROOHFWHG�QHDU�0XDUD�6LSRQJL�LV�

ODEHOHG�ZLWK�06�����7KH�URFN�LV�LGHQWL¿HG�DV�KRUQ-

blende granodiorite. It shows inequigranular with 

interlocking texture and holocrystalline character. 

The rock is composed of plagioclase, green horn-

blende, orthoclase, albite, quartz, and magnetite with 

the crystal size up to 3 mm. The plagioclase is found 

as subhedral to euhedral prismatic crystals that are 

interlocking with the hornblende. They contain some 

dots of carbonate within. The hornblende, showing 

a strong pleochroism and already altered in a small 

part into chlorite, is green in colour. Sometimes, they 

contain small grained magnetites within. Orthoclase 

and quartz is observed as an interstitial mosaic. 

$PRQJ� WKH� FRDUVHU� FU\VWDOV�� D� VLJQL¿FDQW� DPRXQW�

of fine-grained clinozoisite and epidote spread 

throughout the thin section. Beddoe-Stephens et al. 

(1987) described about the Muara Sipongi Batho-

liths that petrographically consist predominantly of 

hornblende-bearing quartz diorites and granodio-

rit es that are relatively uniform in appearance on 

all outcrops. They are nonporphyritic and formed 

by interlocking laths of medium-grained euhedral 

to subhedral hornblende crystals with plagioclase. 

Biotite is common in more granodioritic variants, 

occasionally in a modal abundance equal to that of 

hornblende. Quartz is invariably present in varying 

amounts and usually associated with feldspars as an 
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interstitial mosaic. Magnetite with minor ilmenite 

are abundant up to 3 %, while apatite, sphene, and 

]LUFRQ�RFFXU�DV�DFFHVVRULHV�SKDVHV���$Q�DOWHUDWLRQ�WR�

varying degrees is ubiquitous with phyllic and pro-

phyllitic types indicated by a sericitization of feldspar 

DQG�D�UHSODFHPHQW�RI�KRUQEOHQGH�E\�¿EURXV�DFWLQROLWH��

chlorite, and epidote. Similarly, biotite often shows a 

partial to complete replacement by chlorite. There is 

no evidence of a potassic-style alteration.

Rock Chemistry

$V�PHQWLRQHG�DERYH��WKH�¿YH�VDPSOHV�ZHUH�DQD-

lyzed for major, trace, and rare earth elements and 

the chemical data are given in Table 1 below. Four 

VDPSOHV�DUH�0HVR]RLF� LQ�DJH� �3<%���$��.13����

MS-14 and MS-16), while the rest one sample is of 

Miocene age (PYB-3).

Major Elements

The rocks range from basaltic/gabbroic through 

andesitic to granitic in composition with SiO
2
 

content varying from 46.28 to 68.57 wt.% (Table 

����$OO�URFNV�FRQWDLQ�ORZ�/R,��H[FHSW�VDPSOH�06�

14 (LoI=3.09 wt.%), indicating that the rocks are 

relatively free from alteration processes, although 

mineralogically they are already metamorphosed 

into greenschist facies. The samples KNP-7 and 

MS-14 have a similar SiO
2
 content, but coarser 

grain minerals in the meta-gabbro (KNP-7) are 

PRUH�GLI¿FXOW�WR�EH�FKDQJHG�E\�WKH�PHWDPRUSKLVP�

process compared to smaller grain minerals in the 

basalt (MS-14). Therefore, the hydroxyl bearing-

metamorphic minerals were formed more abundant 

in the sample MS-14 and causing its higher LoI 

value.

7KH� JUDQLWLF� VDPSOHV� �3<%���$� DQG�06�����

show the highest SiO
2
 content ranging from 61.04 to 

68.57 wt.% indicating the composition of granodio-

rite and granite, while the sample of the Silungkang 

Formation (MS-14) has 48.42 wt.% SiO
2
 represent-

ing the basaltic composition. The sample PYB-3 

representing the undifferentiated volcanic unit has 

an andesitic composition with 57.31 wt.% SiO
2
, 

while the meta-gabbro sample (KNP-7) contains 

46.28 wt.% SiO
2
. The sample KNP-7 has the most 

basic composition with the highest total Fe content of 

14.37 wt.% , CaO up to 11.15 wt.%, and the lowest 

total alkali content of 2.54 wt.%.

K
2
O content of the basaltic samples (KNP-7 and 

MS-14) is very low ranging from 0.63 to 0.23 wt.%, 

ZKLOH�WKH�3DQ\DEXQJDQ�JUDQLWLF�VDPSOH��3<%���$��

KDV�WKDW�LQ�VLJQL¿FDQW�KLJK�FRQWHQW�XS�WR������ZW����

7KHUHIRUH��WKH�3DQ\DEXQJDQ�JUDQLWH�LV�FODVVL¿HG�DV�

shoshonitic rock, while the sample MS-14 belongs 

to low K rock and the rest three samples fall into the 

medium-high K rocks (Figure3 left). Furthermore, 

the two basaltic samples contain high total Fe, vary-

ing from 14.37 to 12.49 wt.%, compared to the other 

WKUHH�VDPSOHV��DQG�WKH\�DUH�FODVVL¿HG�LQWR�WKROHLLWLF�

DI¿QLW\�DQG�WKH�RWKHU�WKUHH�VDPSOHV�LQWR�FDOF�DONDOLQH�

type (Figure 3 right).

Trace Elements

The andesite and granitic samples contain higher 

incompatible elements (Ba, Rb, K), Th, and P than 

the two basaltic samples, and also enriched on High 

Field Strength Elements (HFSE) such as Zr, Nb, Hf, 

and Ta, except for Ti (Table 1). They have a lower 

content on Sr and Ti.

The plot of the basalts on the spider diagrams, af-

ter normalizing the elements to MORB according to 

Pearce (1983), gives two different patterns. Sample 

KNP-7 shows a slightly enrichment on incompatible 

elements and has a spike on Rb with value around 

10 times to MORB. But, it is depleted on almost all 

less incompatible elements (including their HFSE). 

It has almost a similar concentration on Ti with 

MORB. This pattern, except the higher Ti content, 

is also observed among samples of back-arc basin 

basalts from the East Scotia Sea (Saunders and Tar-

ney, 1979) and for typical tholeiitic basalt from the 

associated South Sandwich island-arc (Pearce, 1983) 

(Figure 4, left). Meanwhile, the MS-14 sample shows 

a different pattern where it is also slightly enriched 

by Ce, P, and Sm compared to MORB, besides the 

incompatible elements. It shows spikes on Ba, Ce, and 

Sm. The pattern shows a similarity with the pattern for 

island-arc calc-alkaline basalt, where it shows peaks on 

Ba, Ce, and Sm with troughs on Ta, Nb, and Zr (Figure 

4 right; taken from Wilson, 1989). The data indicate 

that the tectonic environment could be changed from 

an island-arc to a back-arc basin tectonic setting. The 

interpretation is based on the tectonic development 

in an island-arc setting where the island-arc can be 

developed to the back-arc basin through a penetration 

of the magma plume (Wilson, 1989).
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Spider diagrams of the andesite (PYB-3) and the 

WZR�JUDQLWLF�URFNV��3<%���$�DQG�06�����VKRZ�D�

VLJQL¿FDQW�HQULFKPHQW�RQ�WKH�LQFRPSDWLEOH�HOHPHQWV�

and less on the HFSE, but depleted on Ti (Figure 5). 

The pattern looks like a variant of spider diagrams 

of magmatic rocks on an active continental margin 

although the spider diagrams of the rocks from the 

active continental margin show different spikes on 

Ba and Hf but the same troughs on Ta, P and Ti (Wil-

VRQ���������7KH�HQULFKPHQW�RQ�5E�DQG�7K��3<%���$�

and PYB-3) or only on Rb (MS-16) probably took 

place during partial melting and fractional crystal-

lization processes.

The plot of the basalts on spider diagrams of 

Rock/Chondrite ratio, after the elements being 

normalized according to Thompson et al. (1984), 

Wt % PYB-3 PYB-15A   KNP-7   MS-14   MS-16

SiO
2

  57.310     68.570   46.280   48.420   61.040

$,
2
O

3
  17.150     13.850   17.400   17.050   15.370

Fe
2
O

3
(T)     7.490       3.430   14.370   12.490     6.690

MnO     0.139       0.081     0.221     0.188     0.099

MgO     3.900       1.000     5.360     5.930     3.180

CaO     7.350       3.390   11.150     5.870     5.890

Na
2
O     2.950       2.750     1.910     5.310     3.360

K
2
O     1.670       5.240     0.630     0.230     1.730

TiO
2

    0.647       0.457     1.288     1.092     0.555

P
2
O

5
    0.130       0.120     0.080     0.109     0.130

LoI     0.840       0.840     0.740     1.160     1.640

Total   99.570     99.620   99.850   99.850   99.690

In ppm

Ba 316.00 1020.00 131.00 160.00 366.00

Rb   56.00   193.00   20.00     4.00   59.00

Sr 349.00   247.00 372.00 814.00 371.00

Y   23.00     33.00   14.00   22.00   24.00

Zr 110.00   266.00   26.00   53.00   84.00

Nb     4.00     17.00     1.00     2.00     3.00

La   16.50     62.30     2.60     8.40   11.40

Ce   32.50   109.00     5.80   17.70   23.60

Pr     4.31     13.20     0.93     2.71     3.34

Nd   17.10     44.80     4.90   12.50   13.80

Sm     3.80       7.80     1.50     3.30      3.30

Eu     1.02       1.59     0.60     1.15      0.82

Gd     3.60       6.20     2.00     3.40      3.20

Tb     0.70       1.00     0.40     0.60      0.60

Dy     3.80       5.70     2.40     3.90      3.90

Ho     0.80       1.10     0.50     0.80      0.80

Er     2.40       3.20     1.40     2.30      2.50

Tm     0.36       0.48     0.21     0.35      0.39

Yb     2.40       3.20     1.30     2.30      2.50

Lu     0.36       0.44     0.20     0.33      0.38

Hf     3.20       7.20     0.90     1.70      2.70

Ta     0.30       1.40  < 0.10  < 0.10      0.20

Th     7.60     28.70     0.70     1.30      3.80

7DEOH�����&KHPLFDO�$QDO\VLV�5HVXOW�RI�6DPSOHV�IURP�0DGLQD�5HJHQF\�$UHD�
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Figure 3.  Plots of the Madina samples on the SiO
2
 versus K

2
O diagram (after Le Bas, 1986) distinguishing them into low-, 

PHGLXP��DQG�KLJK�.�DQG�VKRVKRQLWLF�URFNV��DQG��ULJKW��VKRZLQJ�WKROHLLWLF�DQG�FDOF�DONDOLQH�DI¿QLWLHV�RI�WKH�VDPSOHV��DIWHU�

Miyashiro, 1974).

Figure 4.  Spider diagrams of two Permian-Triassic basaltic rocks from the Madina Regency area showing two different 

characters, namely back-arc basin and island-arc. (Data for back-arc basin samples are taken from Saunders and Tarney, 1979; 

data for island –arc samples are taken from Wilson, 1989).

Figure 5.  Spider diagrams of two granitic rocks and andesite from the Madina Regency area showing variation patterns of 

magmatic rocks in the active continental margin. The legend is like those above. (Data for the active continental margin were 

taken from Wilson, 1989).

K
2
O

K
2
O

SiO
2

SiO
2
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shows a very similar pattern on less- to compatible 

elements with small different on incompatible ele-

ments, where the sample KNP-7 has spikes on Rb 

and K, while the sample MS-14 show spikes on Th 

�)LJXUH���OHIW���7KH�SDWWHUQ�VLPLODULW\�VKRXOG�UHÀHFW�

that both rocks were derived from the same tectonic 

environment, either from an island-arc or back-arc 

marginal basin environment. The enrichment on Ta 

for sample KNP-7  (Ta higher than Nb on Figure 6 

left) indicates that its magma has experienced some 

contamination (Wilson, 1989) and accompanied 

by decreasing Th. On Figure 6 (right), plots of the 

andesitic and granitic rocks show a very similar 

SDWWHUQ�UHÀHFWLQJ�WKH\�DOVR�FDPH�IURP�WKH�VDPH�WHF-

WRQLF�HQYLURQPHQW��7KH\�DUH�HQULFKHG�VLJQL¿FDQWO\�

on incompatible elements, on HFSE, and on other 

less incompatible elements. The enrichments are 

considered to be caused by contamination processes 

during the magma ascending, where it is in line with 

their higher Ta compared to Nb.

Figure 6.  (Left) Spider diagrams of Madina basalts showing a very similar pattern indicating that they should come from the 

same tectonic environment. (Right) Spider diagrams of andesitic and granitic rocks from the Madina area that are enriched 

VLJQL¿FDQWO\�RQ�LQFRPSDWLEOH�HOHPHQWV�DQG�RWKHU�OHVV��DQG�FRPSDWLEOH�HOHPHQWV�GXH�WR�SUREDEO\�FRQWDPLQDWLRQ�SURFHVVHV��

Figure 7.  (Left) REE spider diagram of the Madina basalts shows the similar pattern with the marginal basin basalt from East 

Scotia Sea, and (Right) REE spider diagram for the island-arc basalt in South Sandwich Island arc shows an anomaly on Eu. 

(Data for East Scotia Sea and South Sandwich were taken from Hawkesworth et al., 1977).
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Rare Earth Elements

Plot of the REE of basaltic samples in the spider  

diagrams after the elements being normalized ac-

cording to Sun and McDonough (1989), results 

in two different pattern (Figure 7, left). Sample 

.13���VKRZV�D�ÀDW�SDWWHUQ�IRU�DOO�HOHPHQWV��ZKLOH�

sample MS-14 was enriched slightly on Light REE 

(LREE). Both patterns were observed exactly on 

basalt from the associated marginal basin in the 

East Scotia Sea (Hawkesworth et al., 1977). For 

comparison, the island-arc basalt patterns also show 

two different patterns with the low pattern indicating 

the increase of rock/chondrite ratio from La to Lu. 

The rock/chondrite ratio has the wider area than the 

back-arc marginal basin basalts. But, the difference 

between both tectonic settings is the occurrence of 

Eu anomalies on the island-arc patterns (Figure 7, 

right) that are not availaible on spider diagrams of 

the marginal basin type.

Figure 8 demonstrates the plot of REE of 

the andesitic and granitic rocks of the Madina 

area showing the similar pattern with the active 

continental margin magmatic product. They can 

be distinguished into tholeiitic, calc-alkaline, 

DQG�KLJK�.�FDOF�DONDOLQH�DI¿QLWLHV��7KH�QHJDWLYH�

anomaly on Eu indicates that it has fractionally 

crystallized plagioclase.

DISCUSSION

$V�PHQWLRQHG�SUHYLRXVO\��WKHUH�DUH�WKUHH�VFHQDULRV�

proposed to explain the Pre-Tertiary volcanic-plutonic 

belt on Sumatra, namely an island-arc, a subduction 

related continental margin arc, and a continental break-

up (Crow, 2005). The data of this study offer another 

scenario, where the Mesozoic tectonic setting of the 

area seems to have been a back-arc marginal basin 

that changed in to an active continental margin since 

Jurassic until Recent. For the Permian-Triassic vol-

canic rock represented by the two basaltic samples 

�.13���DQG�06������WKH\�DUH�FODVVL¿HG�DV�YROFDQLFV�

KDYLQJ�WKROHLLWLF�DI¿QLW\��)LJXUH����DQG�WKH�SORW�RI�

their trace elements in spider diagrams for ratio rock/

MORB results in two different patterns that similar 

to back-arc and island-arc basalts (Figure 4). But 

their pattern in the spider diagrams for ratio Rock/

Chondrite (Figure 6 left) are very similar leading to 

a conclusion that actually they should belong to the 

same tectonic environment, either back-arc marginal 

basin or island-arc environment. The enrichment on 

Ta of sample KNP-7 (higher Ta than Nb on Figure 6, 

left) indicates that its magma was already partly con-

taminated (Wilson, 1989). In fact, the petrography 

of the rocks also includes island-arc characters, such 

as strong pleochroism and the presence of two types 

of pyroxene. It seems that all data lead to a character 

of island-arc tectonic setting. But, their pattern on 

REE spider diagram on rock/chondrite ratio shows 

clearly a character of the back-arc basin origin for 

both basalts (Figure 7, left). It can be concluded that 

both basalts from the back-arc basin and island-arc 

environment may show a similar character on pe-

trography and trace element pattern, but they can be 

separated through their REE pattern. The difference 

between the back-arc basin and island-arc basalts is 

essentially on the occurrence of Eu anomalies, where 

the island-arc basalts show positive and negative Eu 

anomalies while the back-arc basin basalts without 

Eu anomalies (Figure 7). Based on those data, it can 

be concluded that the Permian-Triassic volcanism 

in Sumatra was related to a back-arc tectonic en-

vironment, because the development of a back-arc 

marginal basin is usually generated through ascend-

ing diapirs of asthenospheric mantle rise beneath 

an island-arc environment. Thus, the geochemical 

signature of the island-arc may still be observed 

Figure 8.  REE spider diagram of Madina andesite and 

granitic rocks showing a pattern of an active continental 

margin that can be distinguished into tholeiitic, calc-alkaline, 

and high-K calc alkaline affanities. 
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in spider diagrams of the back-arc basin basalts. 

7KHUHIRUH�� LQ� WKH� WHFWRQLF� FODVVL¿FDWLRQ� WKH\�ZLOO�

EH�FRPPRQO\�SORWWHG�LQ�DQ�RFHDQLF�LVODQG�DUF�¿HOG�

(Figure 9, left). It seems that the diagram cannot be 

used effectively to distinguish between the island-

arc and back-arc basin tectonic setting. But, based 

on their Y content and ratio of Nb/Zr, all samples of 

WKH�0DGLQD�DUHD�DUH�FODVVL¿HG�DV�YROFDQLFV�KDYLQJ�D�

back-arc side character (Figure 9, right).

The Triassic-Jurassic granitic rocks and Miocene 

DQGHVLWH�IURP�WKH�0DGLQD�DUHD�DUH�FODVVL¿HG�DV�VKR-

shonitic and high-K rocks which are typical for an 

active continental margin environment (Figure 3). 

Their spider diagram patterns for trace elements in 

ratio of rock/MORB are also matched generally with 

a character of magma in the active continental mar-

JLQ��)LJXUH�����7KH\�VKRZ�D�VLJQL¿FDQW�HQULFKPHQW�

on incompatible elements, particularly shoshonite 

�3<%���$�� DQG�GHSOHWHG�RQ�7L�� ,QWHUHVWLQJO\�� WKH�

spider diagram of granodiorite from Muara Sipongi 

(MS-16) and andesite (PYB-3) samples from Pa-

nyabungan area shows exactly the same pattern 

ZLWK�D�VPDOO�GLIIHUHQFH�RQO\�RQ�7K��7KH\�UHÀHFW�D�

VLJQL¿FDQW� HQULFKPHQW� RQ� LQFRPSDWLEOH� HOHPHQWV�

and Ce, and depleted on Ti. It seems that the grano-

diorite should be derived from the andesitic magma 

through fractional crystallization or differentiation 

processes. But in fact, both samples are very differ-

ent in age. However, it indicates that the magmas 

for the magmatic activities since Triassic-Jurassic 

until Miocene in this area may have come from 

the same sources. Furthermore, it also indicates 

that the volcanic-plutonic activities in Sumatra had 

taken place consistently in an active continental 

margin tectonic setting from Triassic-Jurassic until 

0LRFHQH��7KH�FRQFOXVLRQ�LV�DOVR�FRQ¿UPHG�E\�WKH�

spider diagram of Triassic-Jurassic granitic rock 

IURP�3DQ\DEXQJDQ��3<%���$��WKDW�DOVR�VKRZV�WKH�

similar pattern with the other two samples.  

The magmas in the active continental margin 

KDYH�FRPPRQO\�EHHQ�HQULFKHG�VLJQL¿FDQWO\�E\�WKH�

incompatible elements. It can occur through the con-

WDPLQDWLRQ�E\�VXEGXFWLRQ�ÀXLGV�DQG�RU�E\�WKH�ORZHU�

continental crust that probably occurred during the 

magma ascending. Contaminated magmas are usu-

ally marked by an increase of Ta which changes the 

trend line from Nb to Ta in the trace element spider 

diagram from downline to upline (Wilson, 1989). 

For the Madina case, the contamination seems to 

be the proper process that takes responsibility for 

the enrichment of the incompatible elements in the 

rocks (Figure 6). The Nb-Ta line pattern of the three 

VDPSOHV�LQ�)LJXUH����ULJKW��DQG�.13���UHÀHFWV�WKH�

contamination effect of MORB by amphibolites or 

Figure 9.  (Left) Plot of samples from the Madina area in Ta/Yb versus Th/Yb (after Pearce, 1982) gives an island-arc character 

for basaltic samples although they actually belong to back-arc marginal basin, and (Right) the plot of them in Y versus Nb/

=U�����DIWHU�=XONDUQDLQ���������7+� �WKROHLLWH��&$ FDOF�DONDOLQH��6 VKRVKRQLWLF��
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Figure 10.  (Left) Plot of the samples from Madina area in La versus Ce diagram showing a clear and good trend line. It indicates 

that all samples with different age probably had come from the same magma sources. (Right) The plot of the granitic and 

DQGHVLWLF�VDPSOHV�RQ�JUDQLWH�WHFWRQLF�FODVVL¿FDWLRQ�GLDJUDP�WKDW�LV�FRQ¿UPHG�WKH�JUDQLWHV�DV�9ROFDQLF�$UF�*UDQLWH��9$*��

granulite in the lower continental crust of Sumatra. 

The REE spider diagrams of the three samples are 

in line with the conclusion, where they show a 

VLJQL¿FDQW�HQULFKPHQW�RQ�/LJKW�5((�DQG�KDYH�WKH�

FDOF�DONDOLQH�WR�KLJK�.�FDOF�DONDOLQH�DI¿QLW\��)LJXUH�

���ULJKW���7KH�QHJDWLYH�DQRPDO\�RI�(X�UHÀHFWV�WKH�

IUDFWLRQDWLRQ�RI�SODJLRFODVH��$OWKRXJK��PDJPDV�LQ�

an active continental margin almost always experi-

ence contamination processes, in the case of Madina 

VDPSOHV��LW�VHHPV�WKDW�WKH�VLJQL¿FDQW�7K�HQULFKPHQW�

occurred and tends to change their Th/Yb ratio. It 

makes their plot shift to an area outside an active 

FRQWLQHQWDO�PDUJLQ�¿HOG��)LJXUH����OHIW���

The ratio of very incompatible REEs is usually 

used as a diagnostic indicator to know whether two 

magmatic rocks came from the same source or not, 

because they should not be fractionated. Therefore, 

the ratio of La/Ce can still be used in the Madina 

is represented by the Kotanopan basalt KNP-7 (it is 

in line with its lowest SiO
2
 content) and followed 

by basalt and granodiorite from Muara Sipongi, 

and the end member are the andesite and shosho-

nite from Panyabungan. The last two samples are 

LQWHUSUHWHG�DV�WKH�PRVW�FRQWDPLQDWHG�SURGXFWV��$OO�

data and analysis above lead to a conclusion that 

the magmatic activities in the Madina area during 

Triassic-Jurassic had been changed from a back-

arc basin tectonic setting to an active continental 

margin, but probably they had come from the same 

magma sources.

Concerning the granitoid batholiths or intrusions 

in the area, it seems that they were emplaced when 

the tectonic environment had already changed into an 

active continental margin forming a volcanic arc in Su-

matra. It is marked by the distribution of samples in the 

¿HOG�9ROFDQLF�$UF�*UDQLWH��9$*���)LJXUH�����ULJKW��

case, although some samples have shown the effect 

of contamination. The La/Ce ratios of all samples 

that different in age are relatively similar ranging 

from 0.45 to 0.57, and they show a clear and good 

trend line (Figure 10, left). It indicates that all 

products of volcanism and intrusion since Permian 

until Miocene in the Madina area, had probably 

come from the same magma sources. Figure 10 

also shows that the primitive magma composition 

CONCLUSION

The Permian-Triassic basalts from Kotanopan 

and Muara Sipongi, in the Madina Regency are 

FODVVL¿HG�DV�ORZ�.�URFNV�KDYLQJ�WKROHLLWLF�DI¿QLWLHV��

Their spider diagram patterns on both Rock/MORB 

and Rock/Chondrite ratios indicate that they are 

products of the volcanism in a back-arc marginal 

basin tectonic setting. One of the basalts (KNP-7) 
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seems to be derived from contaminated magmas 

that is marked by an increase of Ta compared to Nb 

in its trace element spider diagram. Generally, all 

VDPSOHV� VKRZ� DOVR� WKH� VLJQL¿FDQW� HQULFKPHQW� RQ�

Th, so their geochemical signature is shifted to an 

area outside the island-arc and active continental 

PDUJLQ�¿HOGV��7KH�JUDQLWLF�DQG�DQGHVLWLF�URFN�GDWD�

indicate that since Triassic-Jurassic until Miocene, 

the geological tectonic setting was changed from a 

back-arc basin environment to an active continental 

margin. The character is in line with the granitic 

URFN�W\SH�WKDW�EHORQJV�WR�WKH�9ROFDQLF�$UF�*UDQLWH�

�9$*���$OWKRXJK� DOO� RI� WKH� URFNV� KDYH� GLIIHUHQW�

ages, probably they had come from the same magma 

sources with a different intensity of a fractional 

FU\VWDOOL]DWLRQ�RU�ORZHU�FUXVW�FRQWDPLQDWLRQ��$OO�GDWD�

lead to a conclusion that the magmatic activities in 

the Madina area during Triassic-Jurassic had been 

changed from a back-arc basin tectonic setting to 

an active continental margin, but probably they had 

come from the same magma sources. This conclu-

sion offers an other different alternative besides three 

scenarios that were proposed by previous authors, 

namely island-arc, subduction related continental 

margin arc, and continental break-up.
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