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Stratigraphy of Kendeng Zone in Miyono Village and Surrounding Areas
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ABSTRACT. Geological history that develops in an area is very important to recognize
the area. The stratigraphic analysis is one of the ways to find out that geological history.
One of the interesting areas to research stratigraphy is Kendeng Zone. Miyono Village
and surrounding areas, Sekar District, Bojonegoro Regency, belonged to Kendeng Zone
and was chosen because it comprises well-preserved lithological and complex geological
structures. The methods used in this stratigraphic analysis were stratigraphic and labora-
tory analysis. The stratigraphic analysis used 160 point stations to compile stratigraphic
sections from the point stations truncated by the section lines. The laboratory analysis was
used for petrographic and paleontological analysis. Based on the methods, the lithological
units are divided into nine units within ages N18-N23 (early Pliocene — Holocene). The
barren area’s comparability column used the age from planktonic foraminifera, mostly
Globorotalia and Globigerinoides. The depositional environment ranged from the lower
bathyal to the terrestrial, from various benthonic foraminifera. The geological structure of
the research area has a dominant Meratus pattern showing NW-SE main force trending
direction. Based on the analysis, the stratigraphic column was obtained and expected to
provide stratigraphic data of Miyono Village and the surrounding area in the Kendeng

Zone.

Keywords: Stratigraphy - Kendeng Zone - Miyono - Bojonegoro Regency.

1 INTRODUCTION

Geological research is a series of fieldwork
and laboratory work that compiles a geologi-
cal map. The geological map itself is a map
that shows a two-dimensional picture, a verti-
cal projection of the overlay groups (units) of
rocks on the earth’s surface in an area, includ-
ing the local structures’ configuration. The ge-
ological map depicts all geological elements in
the form of signs, symbols, or colors. Then,
on the geological map, there will be a distribu-
tion of existing rock units and structures. Miy-
ono Village and surrounding areas were chosen
because it comprises well-preserved sedimen-
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tary rock and complex geological structures.
This research’s output is in maps and geological
profiles, structural analysis, and detailed strati-
graphic columns of the research area.

The research areas are in Miyono Village,
Sekar Village, Bobol Village, Bareng Village,
and Duren Village; Sekar District; Bojonegoro
Regency; East Java Province, Indonesia (Fig-
ure 1). Based on the Indonesian Topographic
Map (Blom Narcon Cooperation, 1999) scale
1:25,000, the research location is included in
the Pilangkenceng map sheet number 1508-
512. Geographically, the research area is lo-
cated approximately between 580000m (west-
ern boundary) — 584000m (eastern boundary)
and 9176000m (southern boundary) — 9181000m
(northern boundary), in UTM 49S southern
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hemisphere with WGS 1984 datum covering
4 x5 km? or 20 km? research area.

1.1 Regional Physiography

The research area included eastern Java’s phys-
iography based on the physiographic zones by
van Bemmelen (1949). Kendeng Zone range has
250 km and a maximum width of 40 km (De
Genevraye and Samuel, 1972). It stretches from
the Ungaran volcano in the west to the east of
Java without a clear boundary (van Bemmelen,
1949). The research area is located in the mid-
dle of the Kendeng Zone, more precisely on the
Pandan Mount slope.

1.2 Regional Stratigraphy

Based on some previous research (Harsono,
1983 dan van Bemmelen, 1949), the strati-
graphic sequence of the Kendeng Zone is
Pelang Formation, Kerek Formation, Kalibeng
Formation, Klitik Formation, Sonde Forma-
tion, Pucangan Formation, Kabuh Forma-
tion, Notopuro Formation, and Quaternary
deposits. The primary references for compiling
Kendeng’s stratigraphy are the publication of
De Genevraye and Samuel (1972) and (Har-
sono, 1983). The Kendeng Zone’s stratigraphy
is a deep-water deposit at the bottom, increas-
ingly turning upward into shallow marine
deposits and eventually becoming non-marine
deposits. Deposits in the Kendeng Zone are
comprised of clastic, carbonate, and volcani-
clastic deposits.

The regional stratigraphy that included in the
research area from is Kerek Formation (Tmk),
Kalibeng Formation (Tmpk), Atasangin Mem-
ber Kalibeng Formation (Tpka), Klitik Forma-
tion (Tpk), Sonde Formation (Tpso), Pucangan
Formation (QTp), intrusive rocks (Qia) and al-
luvium (Qal). Tmk consists of an alternation
of sandstone, claystone, tuff, marl, and lime-
stone. Tmpk consists of marl, locally with inter-
calations of tuff, tuffaceous sandstone, and cal-
carenite. Tpka consists of tuffaceous sandstone
and breccia, with marl, claystone, and silt inter-
calation. Tpk consists of clastic limestone, with
marl and claystone intercalation. Tpso consists
of an alternation of claystone, tuffaceous sand-
stone, and limestone intercalation. Qtp consists
of breccia and tuffaceous sandstone. Qia con-
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sists of pyroxene andesite. Qal consists of clay,
sand, gravel, and pebble.

1.3 Regional Geological Structure

According to Pulunggono and Martodjojo
(1994) in Bachri (2014), there are three domi-
nant structural pattern directions in Java, i.e.,
Meratus, Sunda, and Java trends. The research
area has a Meratus trend with a NE-SW direc-
tion. The subduction formed the pattern at the
southeast of Sundaland in the late Cretaceous.
The research area also has a Java trend with
a W-E direction (Hall, 2009). The Java trend
slightly has WNW-ESE because Pandan Mount
blocks its grooves.

2 METHODOLOGY

In general, stratigraphic analysis is carried out
in five stages: location determination, path
planning, measuring stratigraphy with the Ja-
cob stick method, lithological column depic-
tion, and interpretation. This stage began with
determining the research location and then col-
lecting secondary data in the form of previous
research reports, topographic maps, DEM (Dig-
ital Elevation Model) maps (2015), regional geo-
logical maps (1992) scale of 1:100,000, and other
library sources. This secondary data collection
aims to find a general description of the re-
search area and analytical material to determine
hypotheses such as tentative geological maps,
distribution patterns maps, tentative geomor-
phological maps, and trajectory maps. Second,
path planning can be determined after recon-
naissance. The path must have continuous out-
crops. If there are continuous outcrops, they can
be substituted by a cross-section path. Third,
measuring stratigraphy using Jacob Stick. Ja-
cob Stick is used to measure the accurate thick-
ness and dip of the outcrops. Jacob stick is rela-
tively short so that the outcrop thickness can be
measured immediately without any slope cor-
rection. Fourth, lithological column depiction
uses scale 1:200 to give quite a broad image of
the stratigraphy. The column’s stratigraphic in-
formation is a site, thickness, lithology, grain
size, fossil, strike-dip, sedimentary structure,
description, and facies: fifth, the interpretation
of the sample taken and making a correlation.
In this research, rock samples were taken for
eleven petrographic analyses (Kerr, 1959) and
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FIGURE 1. Index map of the research area. The location is East Java Province, Pilangkenceng Sheet Number

1508-512 (Blom Narcon Cooperation, 1999).

six paleontological analyses. The Petrographic
and paleontological sampling was done by sys-
tematically taking rock samples on the bottom
and top in each lithology type observed in the
field. This method is chosen to see the grain
size’s continuity from the bottom to the top for
sedimentary rock and the rock ages. In carry-
ing out petrographic analysis, the thin section
sample is named using several classifications,
i.e., limestone-based on the Embry and Klovan
(1971), siliciclastic sedimentary rocks based on
the classification of Pettijohn (1975), and mixed
siliciclastic rocks based on Mount (1985). Mean-
while, paleontological analysis is carried out
using the sieve method and petrographic thin
sections to observe foraminifera fossils based
on the Manual of Planktonic Foraminifera (Pos-
tuma, 1971) and Atlas of Benthic Foraminifera
(Holbourn et al., 2013). This analysis was used
in correlating the rock on regional geology and
regional mean sea level. The results were ob-
tained by determining the age, depositional en-
vironment (carbonate refers to Wilson (1975) in
Nichols (2009); non-carbonate refers to Fisher
(1960), Mutti and Ricci Lucchi (1978)), strati-
graphic relationships among each line section
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of each rock unit as well as the reconstruction of
geological history. Thus, this research provides
a comparison of interpretation results with re-
gional geology and regional mean sea level.

3 RESULTS

The research used eleven petrographic thin
sections and six paleontological sieve samples
(Figure 2). The stratigraphic column shows the
rock distribution and petrographic and pale-
ontological sampling location (Figure 3). The
Stratigraphic of research areas was arranged
based on the lithostratigraphy that can be ob-
served and objectively differentiated in the
field. The physical features that can be ob-
served are the texture, structure, and composi-
tion of the rock. Besides, petrographic analysis
supported the lithostratigraphy analysis. Fur-
thermore, determining the lithostratigraphic
units and depositional environments were de-
termined through paleontological analysis and
regional stratigraphy correlations.

The geological maps obtained from field-
work results were used to draw the lithology
unit boundaries (Figure 4). The determina-
tion of clear boundaries was based on rock
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DOCUMENTATION

Photo 1. Photo 2A and 2B. > 0 _ Photo 3. Photo 4. Photo 5.
The outcrop consist of Andesite Breccia that Photograph of Andesite Breccia petrographic incision; (A) Andesite The photograph of Napal Tufaan Photograph of a Rudstone Photograph of a Floatstone
appearsat STA42 LP 1 which outwardly shows ~ Breccia Fragments and; (B) Andesite Breccia Matrix. From the photos the  petrographic incision at STA1LP 1is petrographic incision at STA 29 LP 1 petrographic incision at STA48 LP 1

the direction of sedimentation to the south. two incisions have the same mineral composition but of different sizes. predominantly composed of micrites which has a composition of algae, which has a composition of
and muds, and many foraminifera macrofossils, microfossils, mineral macrophossils, microfossils, mineral
fossils are found grains, micrites and sparites. grains, micrites and sparites.

Photo 6. Photo 7. Photo 8. Photo 9A and 9B. : sz
Photograph of a Grainstone Photograph of Mudstone petrographic The outcrop is in the form of autoclastic breccias  Photograph of autoclastic breccia petrographic incision; (A) Autoclastic

petrographic incision at STA60 LP 1 incision at STA 20 LP 1 which has at STA37 LP 1 which has a high spherecity and Breccia Fragments and; (B) Autoclastic Breccia Matrix. From the photos
which has microfossils, mineral composition of microfossils, mineral similar appearance between the fragmentandits the two incisions have the same mineral composition but of different sizes.
grains, micrites and sparites. grains, abundant micrites, sparites, matrix. And also found many volcanic glass on the incision.

composition and mud.

Chamber

Chamber
: Chamber

Proloculus

Chamber

Photo 10. Photo 11. Photo 12. Photo 13. Photo 14.

Peripheral appearance of the Dorsal appearance of the Ventral appearance of Globorotalia Appertural appearance of Orbulina Photo of fossil Heterostegina sp. and
Rectuvigerina striata fossil depicting  Globorotalia miocenica fossil being margaritae fossils into index fossils  universa fossils which are only found  Cycloclypeus sp. at STA 48 LP 1
the upper-batial paleobathimetry an index fossil at STA83 LP 1, aged atSTASLP1agedN18-N19. abundantly at STAS7LP 2. describes the age but is not more
being found at STAS3LP 1. N19-N21. detailed than the small foraminifera.

FIGURE 2. Field and laboratory samples documentation.
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contacts and interpretation results. The or-
der of rock units and their relationship can
be seen in geological sections. The research
area’s stratigraphy can be divided into nine
lithology units. It is a tuffaceous marl unit
from oldest to youngest, a tuffaceous calcareous
sandstone unit, and rudstone-floatstone unit,
a grainstone-mudstone unit, andesite breccia
unit, tuffaceous sandstone unit, diorite intru-
sion unit, autoclastic breccia units, and Krikilan
sediment deposit.

3.1 Tuffaceous marl unit

The tuffaceous marl unit (Figure 5A) is the old-
est in the research area. This unit spreads
evenly in the northern part and the fold val-
ley morphology, Miyono Village, Sekar, Bareng,
Bobol, Sekar District. In addition, a tuffaceous
calcareous sandstone unit was inserted into this
unit. It was known from the change in grain
size directly in the eastern part of the research
area, while the lower part of this unit is un-
known yet.

This unit comprises dominant volcanic glass
and well-sorted carbonate. Based on the struc-
ture and texture, it can be interpreted that this
unit is deposited in a deep marine environ-
ment. Many fossils were found from paleon-
tological observation, i.e. Globigerinoides prae-
bulloides, Globigerinoides immaturus, Globigeri-
noides obliquus extremus, Globorotalia margari-
tae, Globorotalia merotumida, Globorotalia plesio-
tumida, and Globorinoidia tumida. Furthermore,
based on the fossils, it can be interpreted that
this unit was deposited in the lower to middle
bathyal.

3.2 Tuffaceous calcareous sandstone unit

The tuffaceous calcareous sandstone unit (Fig-
ure 5B) was formed due to the relative sea-level
regressions and conformable with the tuffa-
ceous marl unit. It spread in the west-central
part precisely in the Sekar and Miyono Village,
Sekar District, and thinned to the east.

The tuffaceous calcareous sandstones are in-
serted into the tuffaceous marl unit. This unit
is composed of high volcanic material. This
unit also shows the existence of tuff due to its
light rock mass. This unit has a parallel cross-
bedding sedimentary structure. Many fossils
were found from paleontological observation,
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i.e., Globigerinoides immaturus, Globigerinoides
primordius, Globigerinoides ruber, Globigerinoides
subquadratus, Globoquadrina dehiscens, Globoro-
talia plesiotumida, and Orbulina universa. Based
on the fossils, it can be interpreted that this unit
was deposited in inner neritic.

3.3 Rudstone-floatstone unit

The rudstone unit (Figure 5C) is thickening to
the west. This unit spreads to the west around
Sekar Village, Sekar District. It is conformable
with the lithologies below and above it. It is
called a rudstone-floatstone unit because the
dominant lithology is spreading over this unit.

This unit was formed in minor volcanic ac-
tivity. The lithology in this unit is dominated
by limestone with compositional carbonate ma-
terial >2mm in size that intersects each other,
named rudstone (Embry and Klovan, 1971),
and some of that do not intersect, named float-
stone (Embry and Klovan, 1971). The paleonto-
logical observation analysis discovers the large
macrofossils foraminifera, i.e., Cyclocypeus sp.,
and Heterostegina sp. In addition, this unit also
contains microfossils foraminifera discovering
from petrographic thin sections, i.e., Globoro-
talia tumida. Those fossils show a neritic depo-
sitional environment.

3.4 Grainstone-mudstone unit

Grainstone-mudstone unit (Figure 5D) is a
unit that is interfingering-deposited with a
rudstone-floatstone unit. This unit spreads
out in the middle of the research area around
Bobol Village, Bareng Village, Miyono Village,
Sekar District. It is conformable with the older
and younger lithologies. This unit consists
of lithologies in grainstone-mudstone with-
out any clear boundaries between lithologies
(Embry and Klovan, 1971).

This unit consists of lithologies in the form
of limestone with a composition of material >2
mm, grain supported to matrix-supported. One
half contains lime mud named mudstone, and
the other does not have lime mud named grain-
stone (Embry and Klovan, 1971). Paleonto-
logical observation discovers many fossils, i.e.
Globigerina praebulloides, Globigerinoides immatu-
rus, Globigerinoides subquadratus, Globorotalia
miocenica, Globorotalia plasiotumida, and Globoro-
talia tumida. This unit’s paleobathymetry zone
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FIGURE 5. (A) The outcrop of tuffaceous marl unit on point station 57. The picture shows a fault cutting the
outcrop and a lot of joint (hammer handle points north). (B) The outcrop of tuffaceous calcareous sandstone
on point station 1. The outcrop shows the bedding plane N179°E/28°. (C) The outcrop of contact lithology
between limestone and tuffaceous sandstone at point station 29. (D) The outcrop of grainstone-mudstone
unit at point station 48. (E) The outcrop of andesitic breccia at point station 41.
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is determined from the benthic fossils found,
i.e., Rectuvigerina striata and Martinottiella com-
munis. Those benthic fossils show middle
bathyal. In addition, those benthic fossils
show that the bottom part of the grainstone-
mudstone unit was deposited in the deep ma-
rine environment. This environment is the
transition of the tuffaceous marl unit to the
grainstone-mudstone unit.

3.5 Andesite breccia unit

The andesite breccia unit (Figure 5E) is
deposited conformably on the rudstone-
floatstone and grainstone-mudstone units and
is interfering-deposited with the tuffaceous
sandstone unit. This unit spreads in the middle
and extends to the southern part of the research
area around the Bobol, Bareng, Miyono, Sekar
Village, Sekar District, and thickening to the
west.

The lithology in this unit is andesite breccias
with the composition of andesitic fragments
and matrices containing glass material, grain
supported, and having a normal chaotic grada-
tion structure. The analysis of paleontological
samples shows no fossil (barren) found at the
bottom of the unit, so the age of the unit’s lower
boundary is determined by using a comparabil-
ity column.

3.6 Tuffaceous sandstone unit

The andesite breccia unit (Figure 6F) is a unit
that is deposited conformably above the an-
desite breccia unit and interfingering-deposited
with the andesite breccia unit, which thickens
to the east. This unit is scattered in the mid-
dle, extending to the south of the research area
around the Bobol, Bareng, Miyono, and Sekar
Village, Sekar District. It is named tuffaceous
sandstone unit because composed of sand-sized
grain without carbonate material.

This unit has a material composition with
sand and grain supported and has a bedding
structure, i.e., crossbed, load cast, and flame.
The sedimentary unit source is the same as the
andesite breccia unit’s source, but the difference
is the depositional mechanism and age. This
unit was deposited in the transition area. No
fossils found (barren) from the paleontological
analysis, so the age of the unit’s lower bound-
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ary is determined by using a comparability col-
umn

3.7 Diorite intrusion unit

This diorite intrusion unit (Figure 6G) is a unit
that broke through previous older lithologies. It
makes nonconformity contacts with those pre-
vious older lithologies. This unit spreads nar-
rowly on the northeast and east sides of the re-
search area, precisely in Miyono Village, Sekar
District. It has a trachytic lava texture (McPhie
et al., 1993) and no fossil recorded (barren) on
petrographic thin sections.

3.8 Autoclastic breccia unit

The autoclastic breccia unit (Figure 6H) is a
unit deposited conformably above the tuffa-
ceous marl unit and aligned above the andesite
breccia unit, thickening to the west. This unit
spreads out in the east and spreads to the west
of the research area around Sekar Village, Sekar
District. It is called an autoclastic breccia unit
because it has the same material composition
between the fragment and the matrix.

This unit is formed from the freezing flow of
lava on the surface, flowing from east to west.
This unit was deposited in the terrestrial envi-
ronment and can be seen in the stratigraphic
column. There is no fossil (barren) found at the
unit’s bottom from the paleontological sample
analysis.

3.9 Pebbly sediment deposit

Pebbly sediment deposit (Figure 6I) is de-
posited unconformably over the tuffaceous
marl and tuffaceous calcareous sandstone units.
This unit spreads out in the middle of the re-
search area in Miyono Village, Sekar District.
The deposit is the result of weathering and ero-
sion of the surrounding grainstone. This unit
has a material composition with the character-
istics, i.e., sand-sized particle, grain supported,
massive structure, and laminated. The source
of this sediment is the grainstone in surround-
ing areas.

All lithologies of the research area are com-
piled into one single stratigraphic arrangement
(Figure 7). Then, it will be compared with the
regional stratigraphy of Miyono and its sur-
rounding. The recorded stratigraphy shows the
differences with the regional stratigraphic map,
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FIGURE 6. The crossbed sedimentary structure of tuffaceous sandstone at point station 148 (hammer handle
points north). (G) The outcrops of diorite intrusion with columnar joint structures at point station 2. (H)
The outcrop of autoclastic breccia at point station 39. The outcrop shows the flow of ancient magma to the
southeast. (I) The outcrop of pebbly sediment deposit at point station 76.
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including the lithological boundaries, the lithol-
ogy on site, and the geological structures.

4 DISCUSSION

The field result and interpretation compared
with regional geology (Figure 8) show some
glaring differences. The regional stratigraphy
contains Kerek Formation (Tmk), and Atasan-
gin Member of Kalibeng Formation (Tpka),
while the result of this research revealed that
the area does not have those formations. Kerek
formation (Tmk) is estimated to be located
deeper and not revealed to the surface. In con-
trast, Atasangin, a Member of the Kalibeng For-
mation (Tpka), may be located further north of
the research area. The Kalibeng Formation was
composed of tuffaceous marl and tuffaceous
calcareous sandstone with diorite intrusion in
the northeast area. Diorite intrusion could be a
breakthrough due to increased tectonism activ-
ity during Pleistocene (N22), causing rocks to
be shaken so that magma activity increases and
can break through the existing fracture pressure
differences. A magma will break through the
opening with the smallest pressure. This diorite
intrusion broke through the older rocks based
on the comparability column (Figure 9), but the
diorite intrusion with other rocks in that place
was eroded so massively that it seemed to be
found in older rocks or with Kalibeng Forma-
tion. The thickness of the Kalibeng Formation
(Tmpk) is estimated at 300 meters or could be
more. Klitik Formation (Tpk) was found + 125
meters thick with lithologies arrangement con-
sists of rudstone, floatstone, and grainstone.

In contrast, Sonde Formation (Tpso) was
found =+ 125 meters thick with finer grain lime-
stone arrangement, packstone, wackestone,
and mudstone. The limestone’s material source
came from the carbonate factory located further
east of the research area. The interfingering
andesite breccia with tuffaceous sandstone
was found +1200 meters composing Pucangan
Formation (QTp). Compared with regional
geology, the result shows the lithologies com-
posing all formations located further north. So,
the formation’s border is also found further
north from the location stated in the regional
geology of the Bojonegoro Regency. Another
difference is the boundary between Klitik For-
mation (Tpk) and Sonde Formation (Tpso). The
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FIGURE 7. Combined stratigraphy of the entire
sections (scale 1:200, except the blank zone, scale
1:2000) and the research area’s composite stratigra-
phy in a single column (right column). The com-
posite stratigraphy picture shows the depositional
direction and source origin.
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The Regional Geological Map of Research Area
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FIGURE 8. The regional stratigraphy of Miyono Village and surrounding. The map shows six formations and
two main geological structures (Pringgoprawiro and Sukido, 1992). The regional geological map shows the
track of stratigraphic analysis.
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FIGURE 9. Comparability column (not scaled) of Kendeng Zone (Pringgoprawiro and Sukido, 1992) com-
pared to the stratigraphy of Miyono Village and its surrounding (right column).
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regional geology shows the north-south trend-
ing boundary, but the result shows east-west
trending with no firm boundary. Therefore,
the stratigraphy arranged by considering struc-
tures will be formed like Figure 4(right).

Each lithology’s age is determined using
planktonic foraminifera, the planktonic fossils
found at the bottom and top of the tuffaceous
marl, making each different epoch. The bottom
of the tuffaceous marl has N18, while the top
has N19, and both were formed in the early
Pliocene epoch. Planktonic foraminifera found
at the bottom of limestone or mudstone and
the top of limestone or floatstone shows the
middle Pliocene’s epoch range - late Pliocene
(N20-N21). Both fossils found in floatstone
were coming from the petrographic thin sec-
tions. The problem arose when no fossils were
found in andesite breccia, tuffaceous sand-
stone, diorite intrusion, and autoclastic breccia.
Hence, the age of andesite breccia, tuffaceous
sandstone, diorite intrusion, and autoclastic
breccia were determined using the compara-
bility column. Based on the comparability
column (Figure 9), andesite breccia and tuffa-
ceous sandstone are comparable to Pucangan
Formation with Pleistocene epoch (N22). In
contrast, diorite intrusion and autoclastic brec-
cia are comparable to Intrusive Rock (Qia).
Krikilan sediment deposit is included as the al-
luvial deposit with the Holocene epoch (N23).
The comparability column also shows the same
result compared with the non-barren litholo-
gies. The non-barren lithologies are located
following the comparability column, precisely
on N18-N21.

Based on paleontology and lithology, all the
sediments formed in a marine environment.
Kalibeng Formation deposited on the deep -
shallow marine environment or ranged be-
tween middle bathyal — inner neritic. Kalibeng
Formation experienced a rapid change in sea
level or accommodation space. It was lower
bathyal at the bottom part and became inner
neritic in the middle part (tuffaceous calcare-
ous sandstone). It was turning into a middle
bathyal at the upper part. Tuffaceous calcare-
ous sandstone was formed in inner neritic
identified from its parallel crossbed structure
and fossils. This structure indicates sea-level
regression. Due to being affected by waves,
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this causes a traction mechanism. This parallel
crossbed structure indicates that the strength
of the wave at that time. Tuffaceous calcare-
ous sandstone has sourced from the east area,
which means the east of the research area ever
became inner neritic while the west area was
still bathyal. The change of the depth rapidly is
estimated because of the local uplift in the east.
As the local uplift stopped, the depositional
environment was returning to bathyal again.
It means the tectonic event in this epoch was
very active. Klitik and Sonde Formation were
formed in outer — inner neritic. The carbonate
factory is found in the east of the research area.
Hence, the limestone’s grain size in Klitik and
Sonde is roughened to the east, meaning the
sea level became shallower.

Based on (Wilson 1975) in Nichols (2009), the
rudstone-floatstone depositional environment
is in the slope area. The lithology shows the
presence of sea-level drop, which means the
environment was getting shallower. Pucangan
Formation was formed in the transitional zone.
During the deposition of the Pucangan Forma-
tion, additions and subtractions of sediment
supply occurred, which was proven by the ex-
istence of calcareous siltstone. The calcareous
siltstone will be replaced by tuffaceous sand-
stone and andesite breccia when the sediment
supply was high. The material supplies came
from the volcanic activity in the western part of
the area. Based on this lithology, it can be inter-
preted that the lithology originated from explo-
sive volcanism. It might be Mount Wilis which
is the nearest active volcano in the research
area. This unit was deposited when there was a
massive regression of relative sea levels. Based
on the structure formed, this unit was created
through debris flow to form a chaotic forma-
tion (Fisher, 1966). The normal gradation struc-
ture was formed due to the reduced supply
of sediment- correlated with the decreased ac-
tivity of Wilis Volcano. Tuffaceous sandstone
unit laid on the andesite breccia unit. Based on
the structure formed, the tuffaceous sandstone
was formed through gravitational and fluid-
gravity mechanisms. The gravitational mecha-
nism characterizes the depositional mechanism
of volcaniclastic material. Fluid-gravity char-
acterizes the depositional mechanism of silici-
clastic material due to surface water flow. Sed-
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imentary structures in this unit were formed
due to fluid gravity. This unit is indirectly
sourced from the Wilis volcano’s volcanic ma-
terial but from another deposit whose source
also came from the Wilis volcano so that it can
form a stratigraphic cross-section showing mid-
dle fan (Mutti and Ricci Lucchi, 1978). The
youngest unit is the Krikilan sediment deposit
with the primary depositional mechanism by
fluid-gravity, which characterized surface wa-
ter flow and indicated terrestrial environment.

Compared with the regional mean sea level
(Berghuis et al., 2019), the research area has an
anomaly (Figure 3). The research area has sig-
nificant shallowing and deepening events from
lower bathyal became inner neritic in Early
Pliocene (N20) and became upper bathyal in
Early Pliocene (N19). This might happen be-
cause of the active volcanism around the area.
At the same time, the regional bathymetry
shows no significant bathymetry changes. This
might happen due to the Kendeng Zone located
in the central deep of North Java Basin. In Late
Pliocene, the sea level regression might occur
due to the local uplift in the very active tectonic
epoch. Then in the Pleistocene, the area became
a transition environment because the uplift was
ongoing. Thus, the research area has a quite
different bathymetry in Early Pliocene and rel-
atively same bathymetry in Late Pliocene to
Holocene.

5 CONCLUSION

Based on the analysis, stratigraphy of Miyono
and its surrounding can be concluded from
the oldest to the youngest are: 1) Tuffaceous
marl unit; 2) Tuffaceous calcareous sandstone
unit; 3) Rudstone-floatstone unit; 4) Grainstone-
mudstone unit; 5) Andesite breccia unit; 6)
Tuffaceous sandstone unit; 7) Diorite intrusion
unit; 8) Autoclastic breccia unit; and 9) Pebbly
sediment deposit. These stratigraphic units are
included in Kalibeng Formation, Klitik Forma-
tion, Sonde Formation, Pucangan Formation,
and alluvial (Harsono, 1983 in Pramono and
Amijaya, 2008).

Sea level regression occurs during the
early Pliocene (N18) until Holocene (N23).
The bathymetry was from lower bathyal to
terrestrial-based by paleontology and lithology
analysis. The significant differences between
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regional mean sea level and local mean sea
level are estimated can be caused by the active
local volcanism. The depositional mechanism
that formed the lithologies were lava flow, trac-
tion, suspension, flow gravity, debris flow, and
gravitational, which occurred in the region.
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