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Abstract. The Tambra River as a research location is in the mountainous area of North
Serayu, Purbalingga Regency, Central Java Province. The research was conducted to
determine the relationship between various joint, fault and fold geological structures in
the study area. The joint field data is in the form of strike and dip measurements of the
joint plane. Fault field data in the form of strike and dip of fault plane, pitch angle,
direction of pitch and type of fault movement. Fold data is carried out by measuring the
layers of sedimentary rock layers that form anticline or syncline folds by measuring the
strike and dip of the bedding plane. The results of the formation stress analysis show
that the tectonic stress trending north-south forms rock fractures/joints, faults and folds
in the study area.
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1. Introduction

The Tambra River area and its surroundings are on the southern side of the North Serayu Mountains.
As part of the North Serayu Mountains, the study area has interesting geological dynamics due to
orogenic processes that occurred on the island of Java. The arching up of the Java Geanticline, according
to [1], which occurred in the Plio-Pleistocene is related to the anticline structure in the North Serayu
Mountains. According to [2] stated that the Sunda Orogeny in the Late Neogene (Pliocene) caused
folding of Miocene-Pliocene sediments in the north of Java Island, while in the south of Java Island this
orogenesis caused old volcanic rocks to experience folding, faulting and uplift. Joints, faults and folds
in this area need to be studied to determine the relationship between their formation genes and the
resulting geological potential.

The Tambra River area has a mountainous morphology, where its formation is controlled by the
tectonic process of uplift through folding and fault structures [3]. Old volcanic rock formations in this
area have a relatively faster uplift rate than young sedimentary rocks [4]. Apart from forming the
morphology, this tectonic activity also poses a potential threat of disaster in this area.

The location of the study area is in the central part of Java Island, in general it is an area that has the
possibility of higher tectonic activity than other areas in the north and south of Java Island (Figure 1).
This is indicated by various complex geological structural factors with intensive joints, faults and folds.
The presence of a plate subduction zone in the south of Java Island makes this area an active tectonic
boundary (Figure 1).

Physiographically, the study area is included in the Bogor-Serayu-Kendeng Anticlinorium [5]. The
Bogor-Serayu-Kendeng Anticlinorium is a large fold consisting of small folds that are relatively west-
east trending. The rocks that make up this landscape include rocks of Tertiary age (tens of millions of
years ago) that are strongly folded with the main geological structures in the form of faults and folds.
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Figure 1. Location of the research area in the country of Indonesia's Central Java.
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Figure 2. Regional geological map of the research area and its surroundings according to [6].

In terms of stratigraphy or sequence of rock formation, the research area and its surroundings are
mainly composed of lithology/volcanic rocks and sediments of Tertiary age [6]. The Ramban Formation
is composed of sandstone-carbonate rocks and conglomerates interbedded with thin layers of marl and
shale in the lower part of the formation, while the upper part of the formation consists of light gray to
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bluish sandstone-limestone. Sandstone generally contains pieces of andesitic igneous rock. The Halang
Formation is composed of sedimentary rocks in the form of sandstone, conglomerate, tuffan, marl and
mudstone [7; 8] which are of Middle-Late Miocene age (around 15-5 million years ago).

The Kumbang Formation [6] is composed of volcanic-breccia rocks, lava, igneous intrusions, and
tuffs of andesitic to basaltic composition; tuff sandstone and conglomerate, as well as inserts of thin
layers of magnetite. This unit has an inter-fingering relationship with the Halang Formation (Figure 2).
The Halang Formation [6] is composed of sandstone-tuffstone, conglomerate, marl, and mudstone; At
the bottom there is breccia with an andesite rock composition. Sandstone is generally in the form of
wakestone. This formation rock was deposited as a result of turbidite sedimentation in the upper bathyal
zone (shallow sea). The Tapak Formation (Tpt) consists of greenish coarse-grained sandstone and
conglomerate, locally found andesite breccia. The upper part consists of calcareous sandstone and green
marl which contains many mollusk fossils. This Pliocene age formation (less than 1.8 million years ago)
has a thickness of up to 500 meters [6].

The regional geological structure of the research area is anticlinal folds trending west-east. The
Halang, Kumbang and Tapak formations in the study area are the southern flank of this fold. Thus, the
slope of the rocks from these formations generally has a southerly direction.

2. Methods

At the field work stage, measurements of joints, faults and bedding areas were carried out as well as
taking rock samples and observing lithology. The laboratory analysis stage includes analysis of joints,
faults and rock bedding areas. Based on the overall results of this analysis, a synthesis was then prepared
regarding the geological structure of the research area.

One way to determine ancient stresses is the joint structure as a result of brittle deformation. In order
to determine the relationship between fracture and stress axes, it is important to determine the genetic
class of fracture. Joints can take the form of tension fractures or shear fractures which may appear as
conjugate pairs.

Measurement and identification of rock fractures or joints includes measuring the strike on the joint
plane, measuring the dip of the joint plane and the direction of slope of the joint plane. Field data
measurements use the righthand rule where the dip direction is to the right of the strike direction of the
field being measured. When collecting/recording joint data in the field, the more data the more accurate
it will be in producing conclusions. The joint data was grouped directly based on physical characteristics
in the field (shear joints, tensional joints, hybrid joints and veins). Analysis of joint data was carried out
using statistical methods which were carried out by drawing rosette diagrams and contour diagrams,
using stereographic projections and polar projections.

Measurement and identification of rock bedding areas include strike measurements on rock bedding
planes, measuring dipping of bedding planes. Field data measurements use the righthand rule where the
dip of the rock bedding plane is to the right of the strike direction of the bedding plane being measured.
Measurement of the strike and dip of these rock layers is carried out using a geological compass.

On the fault plane, strike, dip, pitch angle, pitch opening direction and type of movement are
determined and measured. Fault data measurements were carried out with a geological compass and
protractor directly on rocks in the field. Analysis was carried out to determine the main stress that forms
the fault structure. The types of fault movement can be thrust, normal, dextral and sinistral movements.

3. Results And Discussion

Stratigraphically, the study area is composed of a Sandstone Unit with a Mudstone Insertion, a
Volcanic Lava-Breccia Unit and a Carbonate Claystone Unit with a Sandstone Insertion. The Mudstone
Insert Sandstone Unit is the oldest rock unit occupying the northern part of the study area. This rock unit
is part of the upper Halang Formation in the study area.

The rock arrangement/stratigraphy at rock outcrops is composed of alternating layers of medium-
fine grained sandstone and claystone. The sandstone is yellowish gray in color, fine to medium sand
grain size, rather fragile with good sorting. In some parts, lamination and burrowing structures are found.
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Based on megascopic field observations, the mudstone in the research area has a fresh brownish gray to
dark brown color, is rich in organic material, and has a laminated structure. The sedimentary structure
found in mudstone is lamination. The bedding areas found have a relative strike to the east and dip to
the south. Based on their physical characteristics and lithological associations, the rocks in the study
area are part of the Halang Formation.

Outcrops of basaltic lava were found in the central part of the study area which were exposed in a
fresh to slightly weathered condition. The outcrops found in the drainage channel are predominantly
fresh. The thickness of the unit is estimated to be approximately 1400 meters. These rocks are interpreted
as Kumbang Formation rocks. Based on the dip of this rock, it points south. The structures found in the
field are pillow structures and solid columns. This breccia is composed of fragments and matrix.
Megascopically, this breccia has silica cement, a matrix in the form of glass like small fragments,
floating fragments in the matrix, arranged monomically and basalt fragments. Light gray, aphanitic,
massive basalt fragments, consisting of the mineral olivine, pyroxene, plagioclase. There are many
outcrops of this breccia unit in the central part of the study area. These lava rocks and breccia are
interpreted as part of the Kumbang Formation which has a Late Miocene age.

The Carbonate Claystone Unit with Sandstone Inserts occupies approximately 25% of the study area.
Outcrops in this unit are found in the southern part of the research area which are exposed in a fresh to
weathered condition. The outcrops found at the bottom of the river are in fresh condition. The thickness
of this unit can be calculated from a geological cross section of >625 meters. These rocks are interpreted
as part of the Tapak Formation which has a Pliocene age.

Shear joints in the study area develop intensively in sandstone as inserts in the more dominant
mudstone (Figure 3). This is in accordance with the character of sandstone which is brittle, while
claystone is more flexible or ductile. The stress acting on this rock will cause the compact sandstone to
break, while the claystone will fold more to accommodate the compressive stress (Figures 3 and 4). On
this rock, 45 data measurements were carried out (Table 1). In the field, this joint is recognized by its
smooth, tight, long surface appearance and generally pairs at an angle of around 60 degrees. Bi-
directional rose diagram analysis of a total of 45 data (Table 1) of shear fractures measured in the study
area produces general directions of joints in the north-south and west-east directions (Figure 4). The
contour diagram of the dip of the joint in the study area shows that the polar contour of the dip of the
joint is especially darker in the south and east, this shows the dip of the joint, especially towards the
west and north. Thus, the main compressional stress that forms joints can be interpreted as originating
from the southeast-northwest direction.

Figure 3. Shear fractures with dense, smooth and paired surfaces.
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Table 1. Shear fracture measurement data

1050 - 1200 %
1200-1350%
1350 - 1500 %

No Bias Correchon
Max. Conc_ = 13 0598%

No  Strike Dip No  Strike Dip No Strike  Dip
1 275 52 16 265 65 31 240 55
2 170 57 17 122 72 32 145 70
3 276 75 18 275 68 33 150 75
4 280 50 19 260 70 34 285 75
5 170 52 20 255 73 35 190 85
6 165 60 21 276 72 36 300 82
7 170 55 22 280 77 37 154 55
8 270 45 23 272 77 38 252 55
9 280 75 24 255 80 39 345 70
10 282 55 25 263 70 40 345 67
11 285 58 26 165 65 41 350 86
12 260 70 27 255 60 42 240 58
13 260 57 28 170 60 43 355 54
14 265 70 29 262 47 44 240 68
15 258 80 30 250 55 45 315 70
[ . } e

Equal Angle
Lower Hemesphere
45 Poles
45 Entries

Figure 4. Rose diagram and shear joint plane contour diagram in the study area

(n=45 data).

-

Figure 5. Tensile joints with rough, open and short surfaces in sandstone.
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Table 2. Tensile joint/extension joint measurement data

I No Strike Dip No  Strike Dip  No Strike  Dip |
1 220 52 16 350 80 31 5 82
2 220 27 17 10 85 32 30 85
3 273 58 18 12 82 33 210 85
4 260 60 19 12 80 34 330 65
5 10 80 20 350 80 35 345 70
6 5 80 21 355 82 36 30 80
7 170 80 22 350 84 37 25 85
8 240 22 23 305 55 38 28 85
9 277 45 24 355 60 39 20 80
10 242 82 25 2 85 40 345 85
11 90 25 26 205 68 41 350 86
12 130 30 27 320 80 42 260 70
13 275 45 28 355 82 43 175 80
14 100 58 29 5 80 44 350 80
15 186 89 30 335 80 45

_— ——

Figure 6. Rose diagram and contour diagram of tensile joints in the study area (n=44 daté)

Extensional fractures in the study area, like shear fractures, develop intensively in sandstone (Figure
5). As with shear fractures, this is in accordance with the character of sandstone which is brittle,
while claystone is more flexible or ductile. The stress acting on this rock will cause the compact
sandstone to break, while the claystone will fold more to accommodate the compressive stress
(Figure 5). On this rock, 44 data measurements were carried out (Table 2). These joints are
recognized in the field by their rough, open, short surface appearance and are generally paired with
other tensile joints forming an angle of around 90 degrees. Bi-directional rose diagram analysis of
44 data (Table 2) of measured tensile joints produces the general direction of joints in the north-
south and west-east directions (Figure 6). In the tensile joint plane contour diagram, it shows that
the polar contour of the dip of the joint is especially darker in the western part, this shows the slope
of the joint, especially towards the east, with a steep angle approaching vertical. Thus, the main
compressional stress that forms joints can be interpreted as originating from the south-southeast
direction.

Fault data found in the study area are minor thrust faults and dextral faults/right slip faults (Table
3). The dip of the thrust fault points to the southwest with a strike of N145°E and a Dip of 30°. The
pitch angle of this thrust fault is 80°, opening towards the southwest. The dextral fault has a strike
of 150° and a dip of 80°, with a pitch angle of 14° opening towards the south.
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Table 3. Fault plane measurement data

No  Strike Dip Pitch Opening direction Movement Type
1 145 30 80 SW (Southwest) Thrust
2 150 80 14 S (South) dextral

PBT axes N Schmidt Lower

Weight Mode 2
n/nt: 1/1

(®) o1- 34/226
Auz: 10/323
[#] o3 s4/067

R: 0,5 AD: 0,2
QRw: E QRE: E

PBT deviation
60

30

o
0 Sum of Weights 4

Figure 7. Stereographic analysis of thrust faults shows the influence of compressional stress from
the southwest direction.

The results of stereographic analysis of thrust fault data show that this fault was formed by the main
horizontal compressional force from the direction of 34°/N226°E or from the southwest direction
with a plunge of 34° (Figure 7). The results of stereographic analysis of dextral fault data show that
this fault was formed by the main horizontal compressional force from the direction 03°/N197°E or
from the south-southwest direction with a plunge of 03° (Figure 8).

Schmidt Lower
PBT axes N Weight Mode 2
n/nt: 1/1

(®)o1:- 037197
&0’2: 732/295
[#]o3: 17/106

R: 0,5 AD: 0.4
QRw: E QRE: E

PBT deviation
60

30

o
0 Sum of Weights 4

Figure 8. Stereographic analysis of dextral faults shows the influence of compressional stress
from the south-southwest direction.
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Table 4. Bedding plane of sedimentary rock measurement data.

No Strike Dip No  Strike Dip No Strike  Dip
1 30 42 12 85 35 23 60 25
2 47 30 13 260 36 24 70 45
3 10 25 14 80 65 25 65 45
4 65 52 15 92 47 26 66 28
5 55 32 16 115 35 27 95 33
6 87 42 17 92 36 28 110 45
7 85 42 18 92 47 29 94 50
8 90 20 19 94 56 30 96 52
9 95 40 20 86 50 31 99 52
10 92 55 21 88 44

11 94 45 22 92 45

Figure 9. Rose diagram and contour diagram of sedimentary rock layers in the study area.

The rock bedding plane in the research area can be easily observed and measured. Layers of bedding
can be easily observed at the boundary between mudstone and sandstone. Field measurements of
bedding areas are mainly carried out at the boundaries of these rocks. On this bedding plane, 31 data
measurements were made (Table 4) on the bedding plane. Bi-directional rose diagram analysis of
31 data (Table 4) of the measured bedding planes produces a general direction of bedding planes in
the west-east direction (Figure 9). The contour diagram of the bedding plane shows that the polar
contour of the dip of the bedding plane is especially darker in the north, this shows the slope of the
bedding plane, especially towards the south, at an angle of around 45 degrees. Thus, the main force
/ compressional stress that forms the slope of the bedding plane can be interpreted as originating
from the north-south direction.

The results of the analysis of the geological structure of joints, faults and bedding planes (as part of
a fold) in the research area can be explained by the concept of structure formation according to the
simple shear concept according to Harding (1974) as shown in Figure 10. North-south trending
stress due to subduction in the south of Java Island produces pairs of scoured joints that form an
acute angle to the maximum compressional stress. The dextral fault is a synthetic strike slip in Figure
10. The area of rock layers is part of a fold that trends east-west. Extension fractures trend North-
South in the direction of maximum compressional stress.
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Compresion

Figure 10. Formation of various geological structures based on the simple shear concept
according to Harding (1974).

4. Conclusion

4.1. Nanoparticle formulation of EtOH extract from B. gymnorhiza F1 leaves using 200 mg
carboxymethyl chitosan produces particles with the best physical properties.

4.2. F1 nanoparticles produce small and homogeneous particles, square in shape with a size of
196,5 £ 29,56 nm; The Pl is 0,252 + 0,053 and the zeta potential is -17,43 + 1,01 mV. The
results of FT-IR analysis show that there are similar functional groups between the
nanoparticles and B gymnorhiza leaf extract.
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