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Abstract — Recent study reveals that in Bayah Complex, 20 km west of Ciletuh Melange Complex, discovered a metamorphic rock
that interpreted as the basement of Java. This research aims to know the characteristic of metamorphic in Bayah areas. The result
shows that the metamorphic rocks of Bayah Geological Complex are dominated by mica schist group, i.e., muscovite schist,
muscovite-biotite schist, garnet biotite schist and chlorite schist associated with Pelitic - Psammitic protolith. The amphibolite, epidote
amphibolite and actinolite schist found were metamorphosed of mafic rock protolith. All of them have been deformed and altered.
Based on mineral assemblage, mica schist group included lower greenschist - epidote-amphibolite facies, whereas actinolite schist,
epidote amphibolite schist, and hornblende schist included greenschist facies, epidote-amphibolite facies, and amphibolite facies
respectively. Based on the data, these metamorphic rocks are associated with the orogenic style. The metamorphic rocks exposed to
the surface through a complex process since Late Cretaceous. Metamorphic rocks have been deformed, folded and faulted since its
formation. Its possible this rock was uplifted to the surface due to the intrusion of Cihara Granodiorite.

Keywords — Bayah Geological Complex; greenschist facies; amphibolite facies; orogenic style; uplifted.

[12]. According to [11], metamorphic rocks that exposed in
I. INTRODUCTION BGC are Oligocene age. Furthermore, according to a recent

The western part of Java is located in the southwestswdy' these metamorphic rocks are the oldest rock
margin of Eurasia or Sunda Block, and it is located in (basement) that exposed in this area [11], [12]. The Eocene

northern part of subduction zone between Eurasian and IndiaPayah Formation strat!graphically overlies thgse rocks and
- Australia Plate (Figure.l) since Early Crestaceous[1], [2]. intruded by Granodlorlte Cf'haf’?‘- Th? geologlc_al structure
As a result of this subduction — accretion, Ciletuh Melange tha’g developed in the area is str|ke-sI|p_ faul_ts Wlth_genera_lly
Complex (CMC) were exposed to the surface [1]-[9]. The horizontal fault ar_ld North-Southward _dlrect|0n. This faul_t is
CMC was formed in the deep-water trench environment of suspected_as a trigger for metamorphic rocks exposure in the
the Cretaceous — Eocene subduction system and known a _ayah region [1.1]_[13]' One of the faults have North-South
one of the Java’s basement. The basement rocks in CMC ardIréction, and it is separated the Banten and Bogor segments
composed by dismembered ophiolite, amphibolite, epidoteas well as the Southern Mountains. Its position as the

amphibolite, and greenschist [4], [5], [9]. The age of CMC gectonic elerr|1ent is consiger%qﬁimportant becaluse this fabult
ranges from Mesozoic to Late Tertiary [6]. This complex is 90€S not only separate the difierent structural patterns but

formed by a complicated geological process of subduction,also controls the pattern of deposition between the segments

abduction and a combination of collision between plates andOf Bantgn and its surroun_dln_gs [1.3]' -
back arc thrust complex. In this paper, we will identify the characteristic of

A recent study [10]-[12] reveal that metamorphic rocks metamorphic rock in Bayah Geological Complex (BGC)

are present in Bayah area, Banten Province and on this papepraSEd on petrographic analysis to understand the texture,

will be called Bayah Geological Complex (BGC). The BGC structure, mineral composition and the protolith. The
situated about 20 km northwest of CMC. In this area. slate outcome of this research is expected to help reconstruct the

phyllite, schist, gneiss, quartzite, and amphibolite [10]-[12] 9€0logical setting of the western part of Java.
that exposed are different from those exposed in CMC [11],
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Fig. 1. Location research area (in the box) is part of Sundaland block, subduction zones and political b¢@}daries

the metamorphic rocks have fractured and faulted intensely.
Il. MATERIAL AND METHODS The metamorphic rocks mostly oxidated and altered.
1) Mica schist: This rock exposed in Cisanun, Cigaber,

The object in this study is metamorphic rock. The _. X : . ; )
research methods used are literature study, field observationC/Pager,  Cisamiah, Cibaong, and ~Cikahuruan Rivers.

; : ; Generally, the rock showed variated foliation with direction
and petrography analysis. Literature study included a ! .
compilation of the result on geological mapping on Bayah trend west to east, some NW to SE_ and NE to S.W (Figure 3a
Area from 2014 to 2016, while field observation was & 3P)- Also, the rock has folded with asymmetric type, and
conducted between March to April 2017. Petrography it has fractured with stress trend NW to SE and NE to SW.

analysis of selected samples is completed at Petrology'\/“ca schist showed very fine grain — medium grain, variated

Laboratory, University of Padjadjaran and Research CenterfOIiation with direction West to East, some NE to SW,

for Geotechnology, LIPI Bandung. This analysis is
important to determine the texture, structure, composition o

coarse and angular grain, fractured filled by pyrite chlorite
fand quartz mineral. This rock is dominated by mica and

mineral, metamorphic rock names and the protolith of the quartz, some present chlorite, feldspare, sericite and garnet.

rocks. These methods are necessary, needed to understardd'lS Mica schist is intruded by granodiorite and porphyry

the process of metamorphic rock establishment in Bayahdndesite. . .
GeoI%gicaI Complex expozeld ! I y 2) Phyllite: The rock uncovered in Cisanun, Cigaber and

Cipager Rivers. The rocks show variation in foliation with
relatively west to east trend, some north to south, folded,
fractured. This rock shows very fine grain, brown —
A. Field Observation brownish grey color, very hard but brittle and intruded by

Field observation in Bayah area has been done at Cisanuff ©"Phyry Andesite (Figure 3c). _
River, Cigaber River, Cipager, Cikahuruan, Cibaong River 3) Sate: This rock_showed in Cisanun River. It has blac_k
and Cisamiah River (Figure 2). Metamorphic rocks that €0lor. tough but britle, have contained very fine grain
exposed, in situ and as a block along the river in this areaMneral, much pyrites, with foliation directed NW to SE
were dominated by mica schist and phyllite, some present'€nd (Figure 3d). . .
slate, greenschist, amphibolite schist, and quartzite. In %) Greenschist: This rock exposed in Cisanun River,
general, the direction of foliation is dominated by the west to SOMe found as boulder (floating sample). The rock has fine

east, some northwest to southeast and north to east. All ofrain, good foliation, dominated by flat, prismatic and
tabular minerals (Figure 3e).

I1l. RESULT AND DISCUSSION
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Fig. 2. Field observation of metamorphic rock distribution in Bayah Geological Complex

5) Amphibolite schist: The amphibolite schist exposed at Garnet-biotite  schist showed foliation structure,
Cisanun, Cigaber and Cipager Rivers. Some of these rockdepidoblastic - porphyroblastic texture, garnet present as
are present as a boulder (floating sample). The rock hagorphyroblast texture, very fine — fine grain, consists of
medium grained and angular. Foliation undeveloped well quartz (30%) and biotite (35%) dominantly, some chlorite
and dominated by amphibole and feldspar mineral, some(20%), muscovite (5%), K-feldspar (7%), garnet (5%),
their fractures were filled by quartz minerals (Figure 3f). opaque (5%) and oxide mineral (3%), have fractured filled

by quartz, epidote, chlorite and opaque mineral (Figure 4c).
B. Petrography Based on mineral composition, this rock may come from

The petrographic analysis is done on selected semi-pelite protolith.
metamorphic rocks samples, relatively fresh and slightly  2) Amphibolite schist: Amphibolite schist group consist
altered or weathered. The detail the petrographic analysis isf hornblende schist, epidote amphibolite schist, and
below. actinolite schist. Hornblende schist have green color, showed

1) Mica schist Group: The mica schist group consist of foliation ~structure, porphyroblastic and nematoblastic
three types. They are muscovite schist, biotite muscovitetexture, consist of hornblende (50%) and plagioclase (20%),
schist, and garnet biotite schist. Muscovite schist displayedsome presents actinolite (10%), chlorite (5%), quartz (5%),
foliation structure, lepidoblastic - porphyroblastic texture, opaque (7%) and oxide minerals (3%), have fractured that
fine — medium grain, interlaying between phyllosilicate filled by epidote, chlorite and quartz mineral and almost all
(mica and clay mineral) and tectosilicate (quartz and minerals have deformed are characterized by wavy
feldspar), some showed dissected structure and eye’s texturextinction (Figure 4d).
consist of muscovite (40%), quartz (20%), some K-feldspar Epidote amphibolite schist showed brownish-green color,
(10%), chlorite (15%), sphene (3%), zircon (2%), sericite have medium grained, have foliation structure,
(5%) and opaque mineral (5%), some have fractured andporphyroblastic texture, have fractured that filled by chlorite
filled by chlorite, epidote and quartz mineral (Figure 4a). and epidote mineral. This rock consists of hornblende (30%),
Based on mineral composition, this rock reflected pelitic plagioclase (20%), epidote (10%), actinolite (15%), chlorite
protolith. (15%), quartz (5%) and opaque mineral (5%). Based on

The biotite muscovite schist has good foliation, fine grain texture and mineral composition, amphibolite rock and
— medium grain, lepidoblastic — porphyroblastic texture, epidote amphibolite can be derived from mafic rock
some of it showed eye’'s texture (feldspar present as(gabbro).
porphyroblast), consist of biotite (30%), muscovite (15%), 3) Greenschist: This rock has a green color, have good
quartz (25%), some chlorite (15%), K-feldspar (10%) and foliation structure, nematoblastic texture, showed interlaying
opaque mineral (5%). The rock has fractured filled by actinolite and plagioclase, consist of actinolite (45%),
chlorite, epidote and quartz mineral. Almost minerals plagioclase (30%), some biotite (5%), chlorite (15%) and
deformed which are characterized by wavy distinction quartz (5%). Based on the mineral composition, it is called
(Figure 4b). Based on mineral composition, the rocks actinolite schist (Figure 4e).
represented semi-pelite — psammitic protolith.
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Fig. 3. Almost metamorphic rock that exposed in Bayah Geological Complex has good foliation. (A&B) Mica schist; (C) Phyllite; (D) Slate; (E) Greenschist;
(F) Amphibolite schist.

4) Chlorite Schist: This rock shows brown color, good the temperature interval between the two limiting equilibria,
foliation, porphyroblastic texture, dominated by Chlorite all four minerals (chlorite + K-feldspar + muscovite +
(40%), quartz (25%) and clay mineral (25%), plagioclase biotite) may occur stably together (Figure 5).

(5%), opaque mineral (5%) (Figure 4f). Based on mineral Near 400C, the first biotite appears in all poor

composition, this rock may come from semi-pelite protolith. metapelites [14]. Biotite forms at the expense of K-feldspar
. and chlorite. The reaction has equilibrium condition at
C. Pand T Estimation 420°C and 350MPa. The first garnet appears in garnet biotite

Metamorphic mineral assemblage acts as an indicator ofschist at temperatures around 45@nd 440 Mpa. Fe-rich
the thermal gradient in the crust at the time when the chlorite begins to be replaced by garnet + biotite between
metamorphism took place and can be used to determine th60@C - 520C and 500 Mpa — 1100 Mpa [14]. This rock has
metamorphism of the metamorphic rock. The result of the retrograde metamorphism which is characterized by biotite
petrographic analysis shows that metamorphic rocks in themargin and some whole this mineral replaced by chlorite
research area are dominated by muscovite-biotite schistdominantly, some muscovite.
some garnet biotite schist, muscovite schist, hornblende Another metamorphic rock in this area with different
schist, epidote amphibolite, actinolite schist, and chlorite protolith (mafic rock) is amphibolite schist. These rocks are
schist. dominated by hornblende and plagioclase, formed at about

Furthermore, mineral assemblage can also be used t&0’C — 660C [15] and 400 MPa — 600 MPa. In part of
determine the different metamorphism grade (Table 1A andhornblende margin replaced by actinolite and chlorite,
1B). At the first stage of metamorphism (prograde meanwhile, plagioclase replaced by epidote and chlorite.
metamorphism), shale transformed into slate and phyllite. Actinolite — hornblende association can be found in the low
The composition is dominated by clay mineral, sericite, — and medium pressure metamorphic terrains of the
muscovite, chlorite, quartz, some K-feldspar and plagioclase.greenschist, amphibolite and epidote-amphibolite facies
It formed at about 20C to 256C and < 230 Mpa [14].  [16]. The data shows that amphibolite schist has retrograde
When temperature increase or at high-grade condition thanrmetamorphism to epidote amphibolite schist. The rock may
before, K-feldspar and or biotite replaced by Muscovite. have formed at < 56C and < 300 MPa [17].

Typical assemblages are widespread in psammiticsrdick
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Fig. 4. These represent metamorphic rock in Bayah area showed good foliation. (A) Muscovite schist, (B) Biotite - Muscovite schist, (C ) Garnet Biotite schis
(D) hornblende schist, (E) Actinolite Schist and (F) Quartz Slate.

Actinolite schist consists of actinolite and plagioclase roz
dominantly, some present biotite mineral. Based on mineral
assemblage, It formed at 3W- 420C and < 400 Mpa
[15]. It interpreted has retrograde metamorphism
characterized by chlorite replacing plagioclase and
actinolite.

Temperature (°C)

) ) Chl + Kfs
D. Discussion

35 wmar

Mineral assemblage has a large stability range and may X

occur in several metamorphic facies, while other Feo MgO

assemblages have a more restricted stability range and may

be diagnostic assemblages for one facies only [15]. Fig. 5. Biotite — Muscovite schist formed at 486- 460C and 375 Mpa
— 440 Mpa [14].
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TABLE 1A.
METAMORPHICROCK FACIES FROMPROTOLITH OF PELITIC PSAMMITIC ROCK IN BAYAH GEOLOGICAL COMPLEX [16]

Medium Grade Low Grade
Upper Greenschist
Amphibolite Facies (Epidote- Greenschist Facies| Lower Greenschis
amphibolite facies)

Metamorphic Rock Mineral

Chlorite Schist Chlorite
Clay Mineral
Plagioclase
Quartz

Muscovite Schist K-feldspar
Plagioclase
Quartz
Muscovite
Phengite
Chlorite

Biotite — Muscovite K-feldspar
Schist Plagioclase
Quartz
Biotite
Muscovite -
Chlorite

Garnet Biotite Schist | K-feldspar
Quartz
Garnet
Biotite
Chlorite

TABLE 1B.
METAMORPHIC ROCK FACIES FROMPROTOLITH OFMETA MAGIC ROCK IN BAYAH GEOLOGICAL COMPLEX [16]

Medium Grade Low Grade
Upper Greenschist
Amphibolite Facies (Epidote- Greenschist Facies| Lower Greenschist
amphibolite facies)

Metamorphic Rock Mineral

Actinolite Schist Plagioclase
Actinolite
Chlorite
Quartz

Epidote Amphibolite | Plagioclase
Schist Hornblende
Actinolite
Chlorite
Epidote
Quartz

Amphibolite Schist Hornblende
Plagioclase
Quartz
Actinolite
Chlorite

Based on mineral assemblage, metamorphic rocks intemperature metamorphism, indicated by the present of
Bayah Geological Complex included lower greenschist, chlorite schist - garnet biotite schist. As well amphibolite
greenschist, upper greenschist (epidote amphibolite) andschist formed included with medium pressure and
amphibolite facies. Transition lower greenschist — temperature metamorphism. According to referefibd,
greenschist facies is represented by chlorite schist;metamorphic rocks which formed at medium P-T
greenschist facies consist of muscovite schist, muscovite-metamorphism are an association with subduction and
biotite schist, and actinolite schist; upper greenschistorogenic style (collision type). The metamorphic rocks
(epidote-amphibolite facies) consists of garnet biotite schistexposed to the surface through several alternatives. Firstly,
and epidote amphibolite; amphibolite facies consist of they exposed during uplifting in Late Cretaceous [2]. All
hornblende schist [14]. metamorphic rocks characterize it in BGC area almost have

According to a characteristic of slate — schist, they are retrograde metamorphism; in mica schist group, chlorite and
interpreted association with low - medium pressure and muscovite replacing biotite and K-feldspar and plagioclase
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replaced by sericite and chlorite, meanwhile in hornblende
schist, hornblende altered by actinolite and chlorite, epidoteyy
and chlorite replacing plagioclase. Secondly, metamorphic
rocks exposed caused by deformation followed by folded,
fault and intruded by Cihara Granodiorite, so the rock has 2
uplifted to the surface. It can be seen in some metamorphic
rock fractured and filled by quartz, chlorite and epidote, also [3]
pyrite mineral.

Based on the explanation, can be concluded that basemenf!
in the Western part of Java is not only in Ciletuh Mélange [g
Complex, but it can be found in Bayah Geological Complex.
These rocks uplifted caused by accretion in Early Eocene —
Middle Eocene and overlain by Bayah Formation [18]. In
Last Eocene — Early Oligocene, volcanism happened which
result in Cikotok Formation material (Lava, tuff, and [7]
breccia). Then, still in Oligocene, there were uplifting that
followed intrusion Granodiorite (Cihara). (8]
IV. CONCLUSION [9]

Metamorphic rocks exposed in Bayah Geological [1q
Complex dominated by muscovite-biotite schist, some
garnet biotite schist, muscovite schist, and Chlorite schist[11]
that come from pelitic rock — psammitic rock. Based on the
mineral assemblage, Mica group included begins lower
greenschist — epidote-amphibolite facies (Upper greenschis{12]
facies) formed at 20C — 520C and < 230 Mpa and 1100
Mpa. Other metamorphic rock present actinolite schist,
epidote amphibolite, and hornblende schist, were |13
transformed from the mafic rock. Greenschist formed at [14]
370°C — 426C and < 400 Mpa and amphibolite schist
formed at 608C — 660C and 400 Mpa — 600 Mpa. These
rocks formed at medium P-T metamorphism is associated(;
with subduction and collision type. These rocks interpreted
as basement rock which exposed in Bayah area besides thogé’]
of Ciletuh Melange Complex. The basement (Metamorphic
rocks) uplifted caused by accretion in Early Eocene — g
Middle Eocene and overlain by Bayah Formation. In Last
Eocene — Early Oligocene, volcanism happened which result
in Cikotok Formation material. Then, still in Oligocene,
there were uplifting that followed by intrusion Granodiorite
(Cihara) so that the rocks exposed to the surface.
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