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Abstract—The limestone of Tapak Formation is well exposed in the Ajibarang area and its surroundings, Central Java, Indonesia. Very
intensive mining activity is a very serious threat to this limestone. Hitherto, the geological study on this limestone is still very limited.
The objective of this study was to investigate the characteristics of these limestone facies and their sedimentation. This research consists
of field and laboratory (petrography and micropaleontology) analysis. The results showed that the limestone of the Tapak Formation
consisted of three facies: planktonic packstone, algal foraminifera packstone, and foraminifera algal packstone. Planktonic packstone
facies are composed of bioclastic fragments in a micro matrix. The fragments were dominated by planktonic foraminifera consisting of
a genus of Globigerina, Globigerinoides, Globorotalia, and Orbulina. Benthic foraminifera and radiolarians were also identified.
Sedimentation from planktonic packstone facies was estimated to occur in the deep marine environment. Algal foraminiferal packstone
facies are composed of bioclastic fragments in a micro matrix. Large algae and large foraminifera dominated the fragments. Algae were
from the type of red algae, consisting of Lithophyllum, Corallina, and Rhodolite. Foraminiferal algal packstone and algal foraminiferal
packstone that were observed in the studied area were characterized by the abundance of large foraminifera and interpreted to be
deposited in the upper reef slope. We interpreted that the limestone in the study area was deposited in the upper reef slope to the lower
reef slope environments. We hope that the information we provided here is useful for petroleum system study in Central Java, Indonesia.
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identified that the upper part of the Tapak Formation is
characterized by alternating sandstone, siltstone, and

I. INTRODUCTION

In the southwest of Ajibarang City, Central Java, the mudstone, with fining and thinning upward sequence. Rizal
limestone of Tapak Formation is exposed up to around 7.5 km [4] also identified that the sandstone of the upper part of the
in length. The existence of limestone in this area gives a Tapak Formation could play as reservoir potential, as this
significant aspect to the surrounding community by utilizing sandstone has 10 to 15% porosity. Ma’arif [5] studied the
it as raw material for building the foundation. The geology of lower part of the Tapak Formation and identified it was
this limestone, however, has not been intensively studied. For deposited as part of the deep sea levee and middle fan channel.
this reason, a limestone study in this area was carried out to The detailed information and history of hydrocarbon
determine the characteristics of limestone, including the types exploration in the Tapak Formation is still not adequate [4].
of facies and their sedimentation. Fauzielly and Hamdani [1] This study on the limestone of the Tapak Formation will
studied the depositional environment of the limestone-based provide more information about the petroleum system in
on the Ca and Mg content and concluded that the type of Central Java, Indonesia.
calcite carbonate was deep marine sediments. Tapak Everywhere in the world, carbonate facies study is very
Formation can be divided into two parts [2]. The upper part important not only for the petroleum system (e.g. [6]-[11])
of the Tapak Formation is composed of reef and clastic but also for hydrology and climate history [12], [13]. This
limestone, with the lower part of the Tapak Formation is highlights the necessity of this carbonate facies study of the
composed of intercalation of sandstone and siltstone. Amin [3] Tapak Formation. In Indonesia, there were some carbonate
identified that the depositional environment of Tapak facies and sedimentation studies. For example, the Tertiary
Formation ranged from tidal to deep marine. Based on carbonate reefs in the Madura Strait were primarily influenced
sedimentary facies and microfossil content, Rizal [4] by the tectonic framework [14]. Fifariz [15] studied the
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carbonate shelf evolution of the Kujung Formation. The
shallow carbonate of the Parigi Formation was identified as
underground gas storage [16]. The sediment composition and
facies of coral reef islands in the SW Sulawesi were studied
by Jansen [17]. Meanwhile, the modern isolated carbonate
platforms in the Kepulauan Seribu Complex were studied by
Utami [18], [19], and they found that the carbonate platforms
are composed of four facies. Recently, Utami [20] studied the
mineralogic and isotopic fingerprint of equatorial carbonates
with the study case from the Kepulauan Seribu Complex.

The integration of biostratigraphy and seismic reservoir
characterization was used by Gold [21] to identify the
carbonate platform facies in eastern Indonesia. The
depositional model of carbonate facies in the Salawati Basin
was studied by Silalahi [22] using seismic interpretation. In
NW Borneo, 3D seismic and geomorphology were used to
identify the development of isolated carbonate platforms [23].
In the Bird’s Head Region, West Papua, the carbonate
drowning successions was studied intensively by Gold [24].

The research area in the Banyumas sub-basin is regionally
situated in a basin system bounded by two horizontal fault
structures, namely the Karangbolong Fault and the NW-SE
trending Gabon Fault [21], [25]. Regionally, the other
structure that bounded this basin was the Miocene NE - SW
normal fault (half-graben). The development of this graben
was started by regional tectonics at the end of the Oligocene,
where it was preceded by a horizontal fault movement
directed at NW-SE [25].
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Fig. 1 Geological map of Ajibarang areas and surrounding [2].

Based on the geological map of the Purwokerto area ([2],
Fig. 1), the oldest rock in the study area is the Halang
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Formation (Tmph) that consists of andesitic sandstones,
tuffaceous conglomerates, and marls. Based on planktonic
foraminifera, the age of this formation was Middle Miocene.
In some areas, the Tapak Formation was deposited
interfingering with the Halang Formation. The upper part of
the Tapak Formation consists of limestone, sandstone, and
green marl with pieces of mollusks. Tapak Formation is
Pliocene aged [2]. The volcanic product of Selamet Volcano
(Qvs) is the youngest rock in the study area and consisting of
volcanic breccias, lavas, and tuffs.

II. MATERIALS AND METHOD

The research design used is field observation and limestone
sampling for petrographic and micropaleontological analysis.
During the field observations, measured sections of Tapak
Formation limestone were conducted in Karangbawang,
Darma, and Kemojing areas. Spot observations were
conducted at specific locations in Darma, Darma Kradenan,
and Kemojing. Table 1 showing the detailed name of the
measured section and spot location.

TABLEI
DETAIL OF MEASURED SECTIONS AND SAMPLING LOCATIONS AND THE
FACIES NAME AT EACH SITE
No Location Transect Name of site Facies
1 Karangbawan MSI  KBIA, B, C Planktonic
g Packstone
DR1,2,3
> Darma MS2  DpRiA, B, C, Planktonic
D, E Packstone
- DA1,2,3.4
Foraminifer
KJ1,2,3 a Algal
MS3 Packstone
3 Kemojing KJ4,5,6,7,8 Algal Foram
KMI,2 Packstone
- Planktonic
KM3 Packstone
4 Darma ) DR2,3.4,5,6,7,  Planktonic
Kradenan 8 Packstone

The locations of measured section and spot sampling
locations can be seen in Fig. 2. The total samples for
laboratory analysis were 33. For micropaleontological
analysis, foraminifera were microfauna used as an indicator
in this study. Analyzes were performed using standard
methods, which using a solution of hydrogen peroxide (H>O:
3%) in sample preparation [26] to remove organic matters
[27]. Samples were sieved by a 63 pm mesh, the residues
oven-dried at <60°C, weighed and sieved into 63—150 um
and >150 um size fractions [28].

Samples were subdivided into a number of splits using a
standard splitter, and ~300 specimens were picked and
counted [29], [30]. The petrographic analysis describes the
texture (grain size, sorting, and contacts), sedimentary
structures (laminations, bioturbation), and framework grain
composition.



RESEARCH LOCATION MAP OF TAPAK FORMATION
IN AJIBARANG AREA

109,

025 109.075

109.050

7425

109 109.025
0

109.050 109.075

3km

TNDEX MAP
cnes § NORTH JAV)

Legends:
A~/ River

Contour

KM
®

Sample location

Fig.2 Map of observation locations and carbonate sampling in the study area.

Foraminifera and petrographic analyzes were carried out at
the Sedimentology Laboratory, Research Center for
Geotechnology LIPI, Bandung, Indonesia. The method
flowchart can be seen in Fig. 3.

Desk study

Field observations and carbonate mapping
-Measured section at 3 sites (total 19 samples)
- Spot sites at 14 points

l

Laboratory analysis
-Microfossil of foraminifera analysis
- Petrography analysis for textures and
sedimentary structures

|

Facies and depositional environment
identification

l

Conclusions

Fig. 3 Research flowchart for this carbonate facies and depositional
environment study.

III. RESULT AND DISCUSSION

Field and laboratory observations showed that the
limestone of Tapak Formation consists of three facies:
planktonic packstone facies, algal foraminiferal packstone
facies, and foraminiferal algal packstone facies.

A. Planktonic packstone facies

These planktonic packstone facies were distributed in the
Darma Kradenan area at DR 4, DR 5, DR 6. In the Darma area,
these facies distributed at the spot location of DA 2, and DA
3. In Kemojing, the spot site that these facies can be observed
was at KM 3. Along the measured sections in Karang Bawang
area, these facies can be observed at KB 1A and KB 1C. Fig.
4A showing the description of these facies along the measured
section in Karangbawang. The long-measured sections at the
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Darma Kradenan area are distributed at DR 1A, DR 1B, DR
1C, DR 1D, DR 1E, DR1, and DR 2. The description of this
facies in Darma Kradenan can be seen in Fig. 4B.

The planktonic packstone facies were characterized by
layers of yellowish white to brownish-yellow colored
packstone, layered well on 5-20 cm in thickness. Foraminifera
was abundant in these facies. Sedimentary structures of
crossbedding (e.g., Fig. 4A) and lenticular type were observed.

a. Planktonic packstone facies observed in Karangbawang
[ FORMATION | TITHOLOGY

Planidonic packsione, grey, Plankionic
Sm KB1C bedded, compact, many plankion | packsione
fossil
w
E 5 15m
8 o K818 Packsione, yellow brown, coral
= | = fragments, ithic, compact, cross Planktonic
a bedcing, paralel lamination packstone
Dbeddec, many planiion fossil
™ A Plaskionic packsione, ray, compact, Planktoni
many parkione foss| packsione
b. Planktonic packstone facies observed in Darrma Kradenan
AGE | FORMATION | THICKNESS LITOLOGY DISCRIPTION FACIES
Plankionic packstone, grey, well Plankionic
bedded 30 om. packstone
10m
Sm Planktonic packstone, grey, well
bedded, Cross bedding, lenticuler | Plankionic
stnctre packsione
g 10 Planktonc packstone,
z , grey, well
8 i bedded, compact, 20-30 cm.
8 & Plankionic
=1 = packsione
o Plankionic packstone, grey, well
10m bedded, compact, 20-30 cm.
Plankionic
Planktonic packsione, grey, well packstone
becded, compact, 20-30 om.
Sm Planktonic packsione, grey, well
bedded, compact, 20-30 cm. Plankionic
packstone
[C) Sm Planktonic packsione, grey, well
bedded, compact, 20-30 om.
Plankionic
s Sm Breccia, brownish gray, ignecus | packstone
rock fragment

c. Foraminifera algal packstone and algal foraminifera packstone
observed in Kemojin;
[ FORMATION |

TTROCOGY FACES |
DISCRIPTION
Foram aigal packstone, white. Foram algal
arge foram_ aigae. echinod packstone
benthos
Aigal foram packstone. white
aigal domnant, targe foram Ngeifomsm paciatons
Algal foram packstone, white,
compact, sigal dominant, large | Algal foram packstone
] foram, benthos
wi
Aigal foram packstone, white. Ngal foram packstone
compact. aigal dominant, large
& foram,
Algal foram packsicne, white
compact, aigal dominart large | V9% Foram packstone
Foram aigal packsione, whie, | Foram aigal
targe foram dominat, aig, 3 packstone
Foram aigal packstone. white, Foram algal
farge foram dominat, aigal. packstone
it benthos

Fig. 4 Facies description of facies observed in the measured section. A.
Planktonik packstone facies. B. Algal packstone facies. C. Foraminiferal
algal packstone and foraminifera packstone facies.

Observation of thin sections of DR 1, DR 1E and DR 4
showed that the texture was packstone with poorly sorted
bioclastic granules floating in a micric matrix. Bioclastic
granules were dominated by planktonic foraminifera
consisting of genus Globigerina, Globigerinoides,
Globorotalia, and Orbulina (e.g., Fig. 4B). There was also a
small number of large foraminifera, benthic foraminifera, and
Radiolaria. Porosity type of this facies were intraclast,
interclast and moldic type.



B. Algal Foraminiferal Packstone Facies

This facies were formed mainly by large algae and
foraminifera. This facies were white-colored, compact with
thickness ranging from 30 to 50 cm. Observation of thin
incisions showed that the texture of these facies is
characterized by bioclastic grains in the matrix. These facies
composed of poorly sorted bioclastic grains that consist of red
algae from the types of Lithophyllum, Corallina and Rodolith.
In several layers, the number of Rodoliths was very prominent
(e.g., Fig. 5C and 5D). Large foraminifera, especially
Operculina sp, Amphistegina sp. and Calcarina sp were
abundant. Benthic foraminifera, echinoid, and a few
foraminifera of Halimeda were identified. Porosity type of
this facies included intraclast, and interclast types. These
facies were distributed in the Kemojing along the measured
section of MS3 at sites of KJ5, KJ6, KJ7, KM1 and KM 2.
Fig. 4C showing the thickness and description of this facies.

C. Foraminiferal Algal Packstone Facies

These facies composed of poorly moderately sorted
bioclastic grains in a micric matrix. The texture of this facies
was packstone texture, white-colored, and compact.
Bioclastic granules dominantly consisted of large
foraminifera, algae fragments, echinoids, a few benthic, and
briozoa. The porosity type of this facies included interparticle,
intraparticle, and moldic porosity. These facies contained
huge number of large foraminifera of Operculina sp.,
Amphistegina sp and Calcarina sp. These facies were
observed in the measured sections in Kemojing (MS 3) area
(e.g., Fig. 4C) at KJ1, KJ2, KJ3, KJ4 and KJS8. Fig. 5E
showing the outcrop of foraminfera algal packstone facies at
site KJ 3. A huge number of large foraminifera can be seen
from the thin section as shown in Fig. 5F.

oS X b
Fig. 5 A. Well layered of planktonic
planktonic foraminifera of planktonic packstone facies. C. The occurrence of
rodolith in the algal foraminiferal packstone. D. Close-up of algae in the algal
foraminiferal packstone. E. Outcrope of foraminifera algal packstone facies
at site KJ 3. F. Thin section of a sample of foraminifera algal packstone facies
taken from site KJ 1 showing abundant large foraminifera.

B o Ty R

packstone facies. B. Abnundant
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Limestone of Tapak Formation members in the study area
consisted of three facies: planktonic packstone facies, algal
foraminiferal packstone facies and foraminiferal algal
packstone facies. By referring to the characteristic of these
facies, the depositional environments of this limestone can be
interpreted (e.g. [31]-[33]. Planktonic packstone facies was
characterized by having 5 to 20 cm thick layers with parallel
lamination, cross-bedding, and lenticular sedimentary
structures. These facies are composed of bioclastic fragments
in a micro matrix. The fragments were dominated by
planktonic foraminifera consisted of a genus of Globigerina,
Globigerinoides, Globorotalia, and Orbulina. Benthic
foraminifera and radiolarians were also identified.
Sedimentation from these facies was estimated to occur in the
deep-sea environment.

Algal foraminiferal packstone facies are generally layered
with thicknesses ranging from 30 to 50 cm. These facies are
composed of bioclastic fragments in a micric matrix. The
fragments were dominated by large algae and large
foraminifera. Algae were from the type of red algae, consisted
of Lithophyllum, Corallina and Rodolith. In some layers, the
number of Rodolith was prominent. Large foraminifera,
especially Operculina sp, Amphistegina sp., Calcarina sp.,
were observed in these facies. Halimeda (in small amounts),
echinoid and benthic foraminifera were also identified in
these facies. The algal foraminifera packstone facies was
interpreted to have been deposited in the shallower area
compared with packstone planktonic facies. However, both
facies were deposited in the deep-sea environment. The
dominance of red algae is an indication of a low deposition
rate environment [34].

Foraminiferal algal packstone and algal foraminiferal
packstone observed in Kemojing area characterized by the
abundant of large foraminifera and interpreted to be deposited
in the upper reef slope. The occurrence of Halimeda supports
this conclusion. In this study, Halimeda was abundantly
observed in algal foraminiferal packstone facies in the
Kemojing area. In general, Halimeda is an indicator of the
lagoon environment, even though this genus is also present in
reef front to reef slope environment [35], [36]. In Indonesia,
Halimeda was abundantly observed in the reef front
environment of Wonosari Formation [37]. Praptisih [38]
observed the occurrence of Halimeda in the algal foraminifera
packstone facies of Parigi Formation in Karawang, West Java,
Indonesia.  Beside Halimeda, Praptisih [38] was also
observed the abundance of red algae of Rodolith in this facies.
In addition, Rodolith also identified in the Middle Miocene
carbonate in the NW Tranylvanian basin, Romania [10]. The
highly abundant of Halimeda and Rodolith indicated that
these facies were formed in the back reef part of shallow
marine environment. Algal foraminiferal packstone of Parigi
Formation in Cirebon, West Java, Indonesia was also
characterized by the abundance of Rodolith and Halimeda
[39]. Halimeda dominantly occurred in Miocene tropical
carbonate platform slopes in southern Spain that contain
classical reef-slope facies [40]. Large foraminifera that
indicates this typical packstone facies was also observed by
Consorti [41] in Sakarya Zone, Turkey, and in the Carribean
island of Bonaire [42].

The abundant planktonic foraminifera characterize
planktonic packstone facies observed in the Darma area,



limestone that layered with some part cross-bedded,
interpreted as deposited in the lower reef slope environment.
This characteristic was similar with the facies identified in the
carbonate of Qom Formation in Iran [35]. Foraminiferal algal
packstone facies of Kelapanunggal Formation in Cibinong,
West Java is characterized by dark grey claystone intercalated
with the packstone [33]. Another feature recognized in these
facies was the cross-bedding structure. This condition shows
that the deposition of this environment has been mixed with
clastic sediments. Praptisih [33] JanfBen [43] observed the
abundance of Halimeda in these facies, indicating that these
facies formed in shallow marine environments. Based on this
data, it was interpreted that the depositional environment of
this foraminiferal algal packstone facies was the back reef
lagoon [33].

Many researchers have pointed out the importance of the
occurrence of Rodolith. The relation of ocean warming and
acidification with the occurrence of Rodolith has been studied
by Martin and Hall-Spencer [44]. As in this research, Rodolith
is prominently observed in the algal foraminiferal packstone;
more detailed studies need to be conducted in the future to
observe its relation to ocean warming and acidification during
the Miocene age. Furthermore, Aguirre [45], [46] stated that
Rodolith is one of the most abundant components in carbonate
platforms that can be found in the low intertidal zone to the
depth over 150 m [47], [48].

As discussed above, Halimeda is abundant observed in the
foraminiferal algal packstone. In this study, the occurrence of
this species is yet to be discussed in more detail. A further
detailed study is very important as Halimeda can also provide
meaningful information on the past ocean condition. Some
previous studies identified that the response of ocean
acidification could be traced by the occurrence of Halimeda
[491-[55].

IV. CONCLUSION

We investigated the sedimentological characteristics of the
limestone of the Tapak Formation in the Ajibarang area, West
Java, Indonesia. Thus, we concluded that this formation
consists of planktonic packstone facies, algal foraminiferal
packstone facies, and foraminiferal algal packstone facies.
Based on the sedimentological characteristics and the fossil
content, we interpreted that these facies were deposited in the
lower reef slope to the upper reef slope environment. The
sedimentological characteristics of the limestone of Tapak
Formation have similar characteristics with the limestone’s
facies in other locations in Java. We hope that the information
we provided here will be very useful for petroleum system
study in Central Java, Indonesia. We proposed a further
detailed study on the occurrence of Rodolith and Halimeda
that found abundantly and characterize different facies of
Tapak Formation. This further detailed study will provide
information on the Miocene Ocean conditions.
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