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ABSTRACT

Indications exhibiting active tectonic movements in Java occur in many places, characterized by unstable 

regions, such as active faults, earthquakes, volcanic eruptions, etc. The results of researches conducted at 

several areas in West and Central Java on tectonic morphometry developments of river basins both in Qua-

ternary deposits and Tertiary sediments exhibit a degree of active tectonic intensity.  Such the researches 

are very important regarding to the spatial development design that is related to a region of active tectonism 

that should be well understood by planners for decision making mainly through comprehensive approach, in 

which the phenomena involved explaining the characteristics of the region as part of an active plate margin. 

Statistic approach as the chosen methodology had been utilized to gain meaningful conclusions through the 

YHUL¿FDWLRQ�RI�K\SRWKHVHV��ZKLFK�DUH�EDVHG�RQ�YDOLG�DQG�UHOLDEOH�WHVWHG�GDWD��REWDLQHG�IURP�WKH�¿HOGV�DQG�

satellite imagery. Results of  regression-correlation tests between azimuths of river segment and lineaments 

LQ�ERWK�FKURQRVWUDWLJUDSKLF�V\VWHPV�PHQWLRQHG�HDUOLHU�DUH�VLJQL¿FDQW�ZLWK�VHYHUDO�ODUJH�YDOXHV�RI�FRUUHODWLRQ�

FRHI¿FLHQWV�U�RI�QR�OHVV�WKDQ������2Q�WKH�RWKHU�KDQG��UHVXOWV�RI�W�WHVWV�DUH�QRW�D�VLJQL¿FDQW�GLIIHUHQFH�RI�PHDQV�

of  bifurcation ratio (R
b
) and drainage density (D

d
) from many to river basins. The results of all tests have 

YHUL¿HG�WKH�HIIHFW�RI�DFWLYH�WHFWRQLF�FRQWURO�RQ�WKH�PRUSKRPHWU\�GHYHORSPHQW�SURFHVV�UHJDUGLQJ�WR�ULYHU�

segments and density of drainage patterns development in Tertiary and Quaternary deposits. 

Keywords: tectonic morphometry, degree of tectonic intensity, neotectonic activity, river basin, bifurcation 

ratio, drainage density

SARI

Aneka indikasi pergerakan tektonik aktif  di Pulau Jawa terdapat di beberapa tempat yang ditandai oleh 

wilayah tidak stabil, di antaranya oleh pergerakan sesar aktif, gempa bumi, letusan gunung api, dsb. Hasil 

riset di beberapa daerah di Jawa Barat dan Tengah tentang perkembangan morfometri tektonik daerah 

aliran sungai pada endapan Kuarter dan pada batuan sedimen Tertier, memberikan tingkatan intensitas 

tektonik aktif. Penelitian demikian sangat penting sehubungan dengan perencanaan tata ruang yang terkait 

dengan wilayah berkondisi pergerakan tektonik aktif, yang seyogianya difahami dengan baik oleh para 

perencana untuk pengambilan keputusan, khususnya melalui pendekatan komprehensif dengan keterlibatan 

fenomena yang menjelaskan karakteristik wilayah yang bersangkutan. Pendekatan statistik digunakan 

sebagai metodologi untuk mendapatkan kesimpulan yang kuat melalui pembuktian beberapa hipotesis 

berdasarkan data absah dan handal yang diperoleh dari lapangan dan citra satelit. Hasil uji regresi-korelasi 

DQWDUD�D]LPXW�VHJPHQ�VXQJDL�GHQJDQ�NHOXUXVDQ�SDGD�GXD�VLVWHP�NURQRVWUDWLJUD¿�WHUVHEXW�GL�DWDV��HQGDSDQ�

.XDUWHU�GDQ�EDWXDQ�7HUVLHU��DGDODK�VLJQL¿NDQ�GHQJDQ�QLODL�QLODL�NRH¿VLHQ�NRUHODVL�U�\DQJ�WLGDN�NXUDQJ�GDUL�

�����'DODP�KDO�ODLQ��KDVLO�XML�EHGD�UDWD�UDWD��W�WHVW��EDLN�XQWXN�QLVEDK�SHUFDEDQJDQ�VXQJDL��5
b
) maupun 

untuk kerapatan pengaliran �'
d 
)�GDHUDK�GDHUDK�DOLUDQ�VXQJDL�WLGDN�EHUEHGD�VHFDUD�VLJQL¿NDQ��+DVLO�KDVLO�

XML�WHUVHEXW�WHODK�PHPYHUL¿NDVL�GDPSDN�NHQGDOL�WHNWRQLN�DNWLI�WHUKDGDS�SURVHV�SHQJHPEDQJDQ�PRUIRPHWUL�

terkait segmen-segmen sungai dan kerapatan pola pengaliran pada batuan Tersier dan endapan Kuarter. 

Kata kunci: PRUIRPHWUL�WHNWRQLN��WLQJNDWDQ�LQWHQVLWDV�WHNWRQLN��DNWL¿WDV�QHRWHNWRQLN��GDHUDK�DOLUDQ�VXQJDL��

nisbah percabangan sungai, kerapatan pengaliran
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INTRODUCTION

As has been mentioned earlier in the abstract 

of this paper, indications exhibiting active tectonic 

movements in Java occur in many places. This re-

gion is part of one of the most active plate margins 

around the globe. These phenomena, also known as 

neotectonic movements, are manifested by unstable 

regions, in which active faults, land subsidences,   

earthquakes, volcanic eruptions, rock mass move-

ments, etc��� RFFXU��5HFHQW� ÀH[XUDO� GHIRUPDWLRQV�

are good indicators to the surface movement cha-

racterizing  recent tectonic activity or neotectonism 

(Nakata et al.,��������$FWLYH�WHFWRQLF�PRYHPHQW�LQ�

West Java plays an important role in affecting the de-

velopment of river basin morphology on Quaternary 

volcanic deposits (Hirnawan et al.��������+LUQDZDQ�

DQG�0XVOLP����������

 Tectonic movement is also known as tectonism. 

Tectonism or diastrophism is a general term for 

all movement of the crust caused by all tectonic 

processes, including the formation of trenches and 

ocean basins,  volcanic belts, continents, plateaus, 

and mountain ranges. Tectonism is more suitable for 

WKH�PRUH�VSHFL¿F� WHUP��%DWHV�DQG�-DFNVRQ��������

0F1HLO���������

This paper is written based on results of four 

researches on neotectonic activity conducted by 

the author himself and his team, and his previous 

postgraduate students. 

The objective of the researches is to get the 

measures of tectonic intensity based on manifesta-

WLRQV� RI�PHDVXUDEOH� DQG� YHUL¿DEOH�PRUSKRPHWU\�

developments as the responses to the tectonism 

itself. The method utilized in these researches was 

WKH�YHUL¿FDWLRQ�RI�GDWD�RI�GHIRUPDWLRQ�SDWWHUQ�DQG�

river basin morphometry, instead of the usual ap-

proach of descriptive and qualitative characterization 

of the phenomena. Basin morphometry, in terms of 

geomorphology development, was determined by 

active tectonic movements in the region between 

HDVWHUQ�:HVW�-DYD��+LUQDZDQ��������+LUQDZDQ�DQG�

0XVOLP��������6RSKLDQ���������ZHVWHUQ�&HQWUDO�-DYD�

(Hirnawan et al����������DQG�<RJ\DNDUWD��%XGLDGL��

������DV�VKRZQ�LQ�)LJXUH�����$W�OHDVW��LQ�WKH�UHJLRQ��

four variables encompassing lineament, river seg-

ment, drainage density, and bifurcation ratio of 

drainage basins developing in areas of distribution 

of both Quaternary volcanic deposits and the uncon-

formably underlying Tertiary marine sediments were 

PHDVXUHG��DQDO\]HG��DQG�WHVWHG�IRU�WKH�YHUL¿FDWLRQ�

of the hypotheses.

)LJXUH�����/RFDWLRQV�RI�UHVHDUFKHG�DUHDV�EHWZHHQ�&LUHPDL�9ROFDQR��:HVW�-DYD���DQG��0HUDSL�9ROFDQR��&HQWUDO�-DYD������3DQD�

ZDQJDQ�$UHD��+LUQDZDQ������������5DQFDK�$UHD��6RSKLDQ���������DQG����%XPLD\X��$UHD��+LUQDZDQ�et al.������������.XORQ�

3URJR�PRXQWDLQRXV�UHJLRQ��%XGLDGL���������

INDIAN OCEAN
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%DVLQ�0RUSKRPHWU\�'HYHORSPHQW�RQ�4XDWHUQDU\�9ROFDQLF�'HSRVLWV��)��+LUQDZDQ�

Geomorphology of a region should be of destruc-

tional or constructional origin. Destructional origin 

generates erosional and residual features, whereas 

constructional origin generates depositional feature 

(Linsley et al.����������9DOOH\V�ZHUH�GHYHORSHG�E\�DQ�

HURVLRQDO�SURFHVV��DORQJ�ZKLFK�VWUHDPV�ÀRZ�IROORZ-

ing geological weaknesses, such as joints or faults 

(or lineaments), bedding planes, unconformities, 

zones of weak rocks, etc., in the region. In other 

words, this erosional feature is governed by the 

pattern of  erodible geological weaknesses and the 

climate, by which the characteristics of river basins 

DUH�JHQHUDWHG��6WHZDUW�DQG�+DQFRFN��������.HOOHU�

DQG�3LQWHU����������

Deformation pattern of the geological weak-

nesses, for example lineament distribution pattern,  

originated from tectonism should govern  the deve-

lopment of network of streams in a region forming 

a river basin. The river basin development on de-

formed Quaternary volcanic deposits, as a result of  

erosional process following the deformation pattern 

due to recent tectonism, enable us to measure both 

the pattern and the degree of tectonic intensity as 

indicators of the tectonism using a morphometry 

comparison approach with that on Tertiary rock for-

mation. This technique was applied in the researches 

mentioned earlier.

While the erosional features are being developed 

the residual features are also generated forming a 

mountainous region, in which the network of valleys 

in this region are continuously eroded. This is the 

way that the process of destructional origin works. 

2Q�WKH�RWKHU�KDQG���D�FRQVWUXFWLRQDO�RULJLQ�JHQHUDWHV�

a constructional feature, for example a delta, which 

is constructed by the process of sedimentation in 

low lands.

The involvement of active tectonism in the de-

structional origin is preserved in the region exhibited  

by development of tectonic geomorphology of river 

basins as erosional features, in which  mountainous 

ranges as residual features are generated. Tectonic 

geomorphology, as has been well known by geolo-

gists,  involves the processes of tectonism,  erosion, 

and deposition in a region (Burbank and Anderson, 

�������8QGHUVWDQGLQJ�RI�WKLV�VWDWHPHQW�DFFRUGLQJ�WR�

these authors is tectonic geomorphology that devel-

oped after the deformation pattern in the region was 

generated due to previous tectonism. Therefore, geo-

morphologic units that had been generated through 

denudation process should portray the pattern of 

geometry of the existing geological structures due 

to the previous tectonic activity before Quaternary 

Period in the region, whereas none of deformation 

occurs in the Quaternary deposits. 

In case of active tectonism involved in the de-

velopment process of a tectonic geomorphology 

of a region, which is studied in the region between 

Ciremai and Slamet volcanoes, and southeast of 

0HUDSL�YROFDQR�PHQWLRQHG�LQ�WKH�IRUHJRLQJ�SDUW��WKH�

Quaternary deposits is being deformed determining 

the river basin morphometry. 

0RUSKRPHWU\�LV�WKH�PHDVXUHPHQW�DQG�PDWKHPD�

WLFDO�DQDO\VLV�RI�WKH�FRQ¿JXUDWLRQ�RI�WKH�HDUWK�VXUIDFH�

and of the shape and dimensions of its landforms   

�&ODUNH��������LQ�0F1HLO���������7KLV�PRUSKRPHWU\�

developing on the Quaternary deposits enables us 

to measure the tectonic intensity in the region. Geo-

logical structures, such as folds, faults, and joints 

appear to control the drainage networks or drainage 

SDWWHUQV��0RUSKRPHWU\�FRQFHUQV�WKH�PHDVXUHPHQW�

of drainage network or the form characteristics of 

rivers, lakes, etc. and their basins as a river system. 

Drainage basins are the entire area drained by the 

river system, which contains the rivers and all of its 

WULEXWDULHV��6SOLW]�DQG�6FKXPP��������

6FLHQWL¿F�SUREOHPV�DV�WKH�UHDVRQ�WR�FRQGXFW�WKH�

researches of the active tectonic region with the 

o ccurrences of the indications mentioned above are 

as follows : 1) how far has the recent tectonic activ-

ity been controlling or determining river segments 

GHYHORSPHQW�SDWWHUQ�RI�GUDLQDJH�QHWZRUN�����KRZ�

far has the tectonic activity generated  deformation 

FRQ¿JXUDWLRQ� LQ� WHUPV� RI� OLQHDPHQW� SDWWHUQ� DQG�

density that facilitated the river basin morphometry 

developments on both Quaternary and Tertiary rock 

deposits. 

7KHVH�WZR�SUREOHPV�QHHG�WR�EH�DQVZHUHG�VSHFL¿-

cally using quantitative approach of methodology 

in terms of statistical approach. The answer will 

be a degree of activity and intensity of the tectonic 

movements in the region manifested by the measure 

of river basin tectonic morphometry.  

7R�DQVZHU�WKH�VFLHQWL¿F�SUREOHPV�DV�WKH�REMHFWLYH�

of these researches mentioned earlier hypotheses 

should be formulated through deduction way of 

WKLQNLQJ��2Q�WKH�RWKHU�KDQG��WKURXJK�LQGXFWLRQ�ZD\�

of thinking, this objective can be achieved by test-

ing the hypotheses with the support of data of the 
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variables mentioned above obtained from satellite 

imagery interpretation and the measurements done 

GXULQJ�¿HOG�ZRUNV�H[HFXWHG�LQ�ULYHU�EDVLQV�LQ�WKH�UH-

spective Panawangan and Rancah areas (Researched 

Areas 1 and 2) in eastern West Java, Bumiayu area 

�5HVHDUFKHG�$UHD���� LQ�&HQWUDO� -DYD�� DQG� �.XORQ�

Progo mountainous region (Researched Area 4) in 

<RJ\DNDUWD�3URYLQFH��)LJXUH�����

 In this kind of hypothetico-deductivism research, 

as well as in other researches of this type,  both de-

duction and induction ways of thinking should meet 

the same point, which means that a hypothesis is 

WHVWDEOH�RU�YHUL¿HG�WR�JHQHUDWH�D�SURSHU�RU�UHOLDEOH�

conclusion about the phenomenon of the neotectonic 

activity determining the river basin morphometry 

development on both Quaternary volcanic deposits 

and the unconformably underlying rock forma-

tions. This tectonic geomorphology phenomenon, 

in which many morphometry variables involved 

JLYHV�VFLHQWL¿F�UHDVRQV�WR�FRQGXFW�WKH�YHUL¿FDWLRQ�

of the hypotheses to achieve the measured, tested 

and powerful conclusions instead of qualitative 

interpretations. 

The formulated hypotheses that should be veri-

¿HG�XVLQJ�VWDWLVWLFV�DUH�SUHVHQWHG�EHORZ���

1. Active tectonic movement has been determining 

river segment development patterns or drainage 

network, in which correlation between river 

VHJPHQW�D]LPXWK�DQG�OLQHDPHQW�D]LPXWK�VLJQL¿-

FDQWO\�FRQ¿UPV�WKLV�SURFHVV��

2. An intensely active tectonic movement generated 

similar deformation pattern and density develop-

ing on Quaternary volcanic deposits with that 

on Tertiary sedimentary rocks respectively, by 

which both bifurcation ratio and drainage density 

of river basins (the entire area drained by a river 

DQG�LWV�WULEXWDULHV��&I���GUDLQDJH�EDVLQ����0F1HLO��

������EHLQJ�IRUPHG�RQ�WKHVH�URFN�IRUPDWLRQV�DUH�

QRW�VLJQL¿FDQW�GLIIHUHQFH�

METHODOLOGY

As has already been well known, statistical 

analyses were used by many authors for  geomor-

SKRORJLFDO� DSSURDFK� EHIRUH� ����V� �'RRUQNDPS��

�������7KH�SUHVHQW� DXWKRU�KDV� DOUHDG\�XVHG� WKHVH�

analyses for verifying the effects of either reverse or 

VWULNH�VOLS�IDXOW�RQ�MRLQW�FRQ¿JXUDWLRQ�SDWWHUQV�DQG�

bedding plane mean orientation values developing in 

the rock blocks separated by these faults in Regency 

RI�.XQLQJDQ��:HVW�-DYD��LQ�\HDU�������+LUQDZDQ��

������� �*HRPRUSKRORJLFDO� DSSURDFK� RI� GUDLQDJH�

basin developments in eastern West Java mentioned 

earlier had successfully  been conducted  using  

statistics  to verify the similar deformation pattern 

and density of joints both on Quaternary and that 

on Tertiary rock deposits as the measurable effect 

of neotectonic intensity on tectonic morphometry 

�+LUQDZDQ�� ������� LQVWHDG� RI� RUGLQDU\� DSSURDFK�

of descriptive characterizations in generally stud-

ing geomorphology, known as grounded research 

�+DLJ���������

This methodological approach is then widely 

used in postgraduate program of geosciences in his 

university as a guidance of post-positivism paradigm 

for students to conduct their hypothetico - deduc-

tivism researches of phenomena, such as erosion, 

YROFDQLF�SURGXFWV�RI�0HUDSL�9ROFDQR��GLVWULEXWLRQ�

of fossil - bearing beds, sedimentary facies, etc., and 

tectonic phenomena, in which he is involved as one 

of the supervisors. 

The result of the research by his previous student 

of doctor program in Kulon Progo mountainous re-

gion,  for example, suggested that tectonic activity 

since Eocene period has generated a similar mor-

SKRPHWU\�RI�GUDLQDJH�EDVLQV�GHYHORSPHQWV�RQ�¿YH�

rock formations of Tertiary marine sediments with 

WKDW�RQ�4XDWHUQDU\�URFN�GHSRVLWV��%XGLDGL���������

In this region the occurrences of three tectonic de-

IRUPDWLRQ�SDWWHUQV�ZHUH�VXFFHVVIXOO\�YHUL¿HG�DV�KDG�

EHHQ�RULJLQDWHG�IURP�6XPDWUD��-DYD��DQG�0HUDWXV�

tectonic patterns. This reliable conclusion of ten 

other results RI�VXFFHVVIXO�YHUL¿FDWLRQ�RI�K\SRWKHVHV�

in this research, had not only been the support of 

previous interpretations in terms of hypotheses pro-

posed by many authors, which had not been tested 

before, but had also generated the measurable degree 

of tectonic intensity in determining the morphometry 

developments on three chronostratigraphic systems 

RI�(RFHQH��DQG�2OLJR�0LRFHQH�VHGLPHQWDU\�URFNV��

and Quaternary volcanic deposits in the mountain-

ous region. 

�7KLV� VFLHQWL¿F� LQYHQWLRQ� REWDLQHG� WKURXJK� D�

UHVHDUFK�RI�WKLV�W\SH�KDG�FRQ¿UPHG�WKH�DSSOLFDEOH�

plate tectonic theory for the explanation of the ori-

gin of Kulon Progo mountainous region, instead of 

previous and unexplainable Van Bemmelen’s theory 
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%DVLQ�0RUSKRPHWU\�'HYHORSPHQW�RQ�4XDWHUQDU\�9ROFDQLF�'HSRVLWV��)��+LUQDZDQ�

of gliding tectonics. Steps of works carried out in 

the implementation of the methodology used in this 

hypothetico-deductivism research are as follows.

 Before taking the samples for testing the Hy-

pothesis 1 stated earlier, it is important to identify 

the suitable studied populations,  on which the phe-

nomenon of active tectonic movement is able to 

be measured using the variables involved as being 

represented by the data. The populations  are both 

deformed Tertiary sedimentary rock formations and 

unconformably overlying Quaternary volcanic de-

posits (both formations are deformed). The involved 

variables measuring the phenomenon are lineament 

and river segment azimuths, which should be tested 

WR� H[KLELW� WKH� VXI¿FLHQW� FRHI¿FLHQW� RI� FRUUHODWLRQ�

between them. This correlation measures the effect 

of lineaments on origin of river segment azimuths 

resulting in the drainage network particularly on 

Quaternary volcanic deposits due to neotectonic 

activity, and also on Tertiary rock formations. The 

measures of this phenomenon of  tectonism through 

WKH�YHUL¿FDWLRQ�RI�WKH�+\SRWKHVLV���IRU�5HVHDUFKHG�

$UHDV����������DQG����DUH�WKH�VLJQL¿FDQW�FRUUHODWLRQ�

FRHI¿FLHQW�U�EHWZHHQ�ULYHU�VHJPHQW�DQG�OLQHDPHQW�

azimuths in terms of the measures of how close 

the relationship between these variables are con-

structing the linear curves. These high correlation 

FRHI¿FLHQWV�EHWZHHQ�WKH�WZR�YDULDEOHV�PHDVXUH�WKH�

very high degree of dependency of river segment 

heading development on the lineament azimuths in 

the researched areas, which means that deforma-

tion pattern due to recent tectonic activity has been 

governing the river basin development mainly on 

Quaternary volcanic deposits.  

)RU�WHVWLQJ�WKH�+\SRWKHVLV���VWDWHG�LQ�WKH�IRUH-

going part, two morphometry variables developing 

on those abovementioned  Tertiary and Quaternary 

rock formations are involved. These variables are 

drainage density D
d
 and bifurcation ratio R

b
. The 

measure should be the result of the hypothesis veri-

¿FDWLRQ�XVLQJ�WKH�GDWD�VDPSOHV�RI�WKHVH�YDULDEOHV��

The hypothesis is exactly the measure of the com-

parison of morphometry development originated 

from tectonism on both Tertiary and Quaternary 

rock formations. In other words, in conducting the 

YHUL¿FDWLRQ�RI�WKLV�K\SRWKHVLV��WKH�WHFWRQLF�PRUSKR�

metry developing on Quaternary volcanic deposits 

is compared with that on Tertiary rock formations. 

$V�WKH�UHVXOWV�RI�WKH�YHUL¿FDWLRQV��QR�VLJQL¿FDQW�GLI-

ferences between two means  of either D
d
 or R

b
, and 

also both D
d
 and  R

b
 representing their populations 

(Tertiary and Quaternary rock formations). Those 

suggest that the tectonism exists. The test measured 

the indifferent means of D
d
 and/or R

b
 of the river 

basins morpho metry developing on these respective 

formations due to tectonism.

Sampling Technique

)RU�HYHU\�UHVHDUFKHG�DUHD�WHVW�RI��+\SRWKHVLV���

needs data of lineaments and river segment azimuths, 

while test of Hypothesis 2 needs data of drainage 

density D
d
 and bifurcation ratio R

b
 of river basin. A 

probabilistic approach gives a clear understanding 

that a  sample is known as a group of n individual 

data representing a population. Hypothesis 1 needs 

to be tested using one-grouped sample of lineaments 

and river segment azimuths taken from either  a 

Tertiary or a Quaternary rock formation as  the 

respective tested populations to verify if these two 

variables closely correlate or relate to each other. 

Hypothesis 2, on the other hand, needs to be tested 

using two-grouped sample for verifying the dif-

ference between two means of the samples. Both 

one- and two-grouped samples are statistic nomen-

clature, which are presented below.

1. To obtain data of drainage network of a river 

basin as a phenomenon of tectonic morphometry, 

both river segment and lineament azimuths were 

employed as involved variables representing 

the phenomenon. Either aerialphoto  or satellite 

imagery interpretation was utilized to identify 

lineaments originated from tectonic activity dis-

tributed in the river basin, which were then plot-

ted on the topographic base map, as shown on 

)LJXUH���DQG����7KHVH�OLQHDPHQWV��DORQJ�ZKLFK�

river or stream segments have been developing 

DQG�ÀRZLQJ�WR�IROORZ�WKH�OLQHDPHQW�GLUHFWLRQV��

were selected as the members of the studied 

population. So, this population is a group of  

pairs  of the involved variables. Every lineament 

without being paired by a river segment is not a 

member of the population or is not a representa-

tion of the subject of study, which shall not be 

taken as a sample member. 

2. In preparing the sample representing the studied 

population mentioned above, every single pair 

of these data variables was then randomly taken 

and gathered as a sample representing the studied 
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phenomenon. This kind of sampling technique 

is known as one-grouped sampling taken from 

one population, of which every single member 

of the sample presents two variables. These one-

grouped samples taken from respective Studied 

$UHDV����������DQG���UHSUHVHQW�WKHLU�SRSXODWLRQV�

on both Tertiary and Quaternary rock deposits.

��� Every river basin as a subject of study of tec-

tonic morphometry phenomenon, of which its 

drainage network shows indications of being 

affected by deformation pattern represented by 

lineaments due to tectonic activity, such as rect-

angular, trellis patterns, etc., was selected from 

area of distribution of Tertiary sedimentary rock 

formations and also from deformed Quaternary 

volcanic deposits.  

4. Besides the abovementioned variables, the other 

variables explained below are also studied. The 

study is conducted to measure river density 

(originated from fracture density) of the river 

basin developing on deformed rock formations 

of both Tertiary marine sediments and Quaternary 

volcanic deposits. To achieve the objective of the 

study,  comparison of samples taken from these 

respective chronostratigraphic systems were 

carried out using statistical test of difference 

between two means of variables indicating the 

phenomenon of the effect of tectonic activity on 

the river density. The employed variables are  D
d
 

and  R
b
 (explained in section of Testing Hypoth-

esis 2). Sampling technique carried out for taking 

such the samples is two-grouped sampling. The 

result of samplings is presented in Appendices 1 

up to 4. In other words, two-grouped samples are 

taken each from two respective populations and 

then grouped together for test of difference bet-

ween two means. The populations in this case are 

drainage basins on both Quaternary and Tertiary 

rock formations, of which the studied variables 

from every population are D
d
 and  R

b 
 represent-

ing phenomenon of their tectonic morphometry 

developments due to recent tectonism.

 

Statistical Analyses

Data analyses were carried out to verify the 

K\SRWKHVHV��)RU�WHVWLQJ�WKH�+\SRWKHVLV���UHJUHVVLRQ�

correlation tests were conducted, while for verifying 

the Hypothesis 2 tests of difference between two 

means were carried out. These tests applied both 

monovariate (t-test) and multivatiate (T2-Hotelling) 

approaches. The results of the tests suggest the inten-

sity of tectonism in the studied areas governing the 

morphometry development of drainage networks.

 Based on the formulated hypotheses the data 

of all variables involved in the studied phenomena 

were collected from Landsat satellite imageries or 

DHULDO�SKRWR�LQWHUSUHWDWLRQV�DQG�IURP�WKH�¿HOG�PHD-

surements. The data should be properly measured 

to achieve their validity and reliability that need to 

be tested using suitable statistical tests, before be-

LQJ�XVHG�IRU�WKH�DQDO\VHV�DQG�WKH�YHUL¿FDWLRQV�RI�WKH�

hypotheses  in order to gain the powerful conclusion 

of the research. 

River basins consisting of subriver basins distrib-

uted on both Tertiary rocks and Quaternary deposits 

in the researched areas were the studied populations, 

in which the respective variables of river segment, 

lineament, bifurcation ratio (R
b
), and drainage den-

sity (D
d
) were randomly taken as sample members 

IRU�WKH�YHUL¿FDWLRQ�RI�WKH�K\SRWKHVHV��,Q�WKLV�FDVH��

both one-grouped samples and two-grouped samples 

were taken as sampling techniques of the researches. 

/LQHDPHQWV�ZHUH�LGHQWL¿HG�DQG�SORWWHG�RQ�D�PDS�XV-

ing Landsat satellite imagery interpretation, which 

were then randomly taken as samples to be validated 

as mentioned above. This step of research is very 

important to avoid either . or E error, which means 

to avoid error from either rejecting accep table hy-

pothesis or accepting rejectable hypothesis because 

of invalid and unreliable data. Table 1, for example, 

presents the result of tests of validation of lineament 

samples versus other joint samples taken from the 

+DODQJ� DQG�.XPEDQJ�)RUPDWLRQV� DQG� DOVR� IURP�

4XDWHUQDU\�YROFDQLF�GHSRVLWV�LQ�WKH�¿HOG�

As the results of testing this validity and reli-

ability in Table 1, the difference of means between 

lineament samples obtained from the Landsat  or 

aerial photoes and other means of joint samples of 

WKH� URFN� IRUPDWLRQV�ZHUH� QRW� VLJQL¿FDQW� DW� OHYHO�

.�  � �����RU� DW� OHYHO� RI� VLJQL¿FDQFH�������ZKLFK�

suggested that the samples of lineament were able 

WR�EH�XVHG�IRU�WKH�QH[W�YHUL¿FDWLRQ�SXUSRVHV�LQ�WKH�

research. The samples were well accepted as valid 

and reliable samples. Again, the result of tests in 

Table 1 also exhibited that means of joint samples 

REWDLQHG� IURP� WKH�+DODQJ� DQG�.XPEDQJ�)RUPD-

WLRQV�RI�À\VFK�VHGLPHQWV�DQG�EUHFFLD�UHVSHFWLYHO\��

that represent Tertiary marine sediments, were not 
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VLJQL¿FDQWO\�GLIIHUHQW��7KLV�VXJJHVWV�WKDW�WKH\�UHS-

resented the same deformation pattern in the same 

chronostratigraphic system in the researched area.

ANALYSES AND RESULTS

Outline of Geology

In region between eastern West Java and Central 

-DYD� �)LJXUH� ��� URFN� H[SRVXUHV� KDG� DOUHDG\�EHHQ�

mapped by many geologists, which gave a general 

conclusion that two chronostratigraphic systems 

occur. These systems being separated by an uncon-

formity consist of Tertiary marine sediments and 

Quaternary deposits. The Tertiary sediments consist 

of sedimentary rock formations, known as the Pemali, 

5DPEDWDQ��+DODQJ��.XPEDQJ��7DSDN�)RUPDWLRQV��

etc���RI��(DUO\�0LRFHQH�WR�(DUO\�3OLRFHQH�DJH��7KHVH�

formations had been being folded, jointed, and faulted 

by tectonic activity during Neogene orogeny. The 

deformed formations were involved in the process 

of magmatism, from which intrusive rocks formed at 

many places, followed by volcanism generating Qua-

ternary volcanic deposits distributed in large areas. 

The recent tectonic movement is active mani-

fested by indicators, such as volcanic eruptions, 

active faults followed by landslides, land subsi-

dences, and earthquakes that frequently happen, in 

ZKLFK�4XDWHUQDU\�GHSRVLWV�LQYROYHG��)LJXUH����IRU�

example, as one of the researched areas giving the 

JHRORJLFDO�GDWD�IRU�WKLV�SDSHU��DQG�)LJXUH���SUHVHQWV�

the geology of  Kulon Progo mountainous region, 

3URYLQFH�RI�<RJ\DNDUWD�

In West-Central Java region, the drainage net-

works of river basins developing on Tertiary rock 

formations exhibit trellis and rectangular patterns 

in most cases, and on Quaternary volcanic deposits 

they show a combination pattern of subdendritic 

DQG�UHFWDQJXODU��IRU�H[DPSOH�LQ��)LJXUHV���DQG����

These drainage networks are indicators of active 

tectonism in the region, by which the develop-

ment of stream or river segments, mainly on the 

Quaternary deposits, were governed by the defor-

mation pattern in terms of lineaments distribution 

FRQ¿JXUDWLRQ��

These indicators of active tectonism had been 

WKH�VFLHQWL¿F�UHDVRQ�WR�WKH�DXWKRU�DQG�KLV�WHDP�WR�

conduct the researches to verify the degree of tec-

tonic intensity. 

�7KH�UHVXOWV�RI�GDWD�DQDO\VHV�DQG�YHUL¿FDWLRQV�RI�

hypotheses  from four researched areas are discussed 

below, which reveal the active tectonic movement or 

D��-RLQW�VDPSOHV�IURP�¿HOG�vs. lineament samples from satellite imagery interpretation  

Variable tested of

Mean values

n1/n2 t
calc.

t 
(0,975)

Decision Conclusion
Field

Satellite 

Imagery

Tmph Joints vs. Tertiary 

Lineaments ������ ������ ����� ����� ����� accept Ho no difference

Tmpk Joints vs. Tertiary 

Lineaments ������� ������ ����� ����� ����� accept Ho no difference 

Qbx joints vs. Quaternary 

lineaments ������ ������ ����� ����� ����� accept Ho no difference 

b)  Joint samples from Halang Formation (Tmph) vs. Kumbang Formation (Tmpk)

Tmpk joints vs.   Tmph 

joints
�������

������ ����� ����� ����� accept Ho no difference 

Table 1. D��5HVXOW�RI�7HVWV�RI�'LIIHUHQFH�EHWZHHQ�7ZR�0HDQV�RI�-RLQW�6DPSOHV�IURP�WKH�)LHOG�DQG�/LQHDPHQW�6DPSOHV�IURP�

6DWHOOLWH�,PDJHU\�,QWHUSUHWDWLRQ�RQ�7HUWLDU\�6HGLPHQWV�DQG�4XDWHUQDU\�9ROFDQLF�'HSRVLWV��4E[���E��5HVXOW�RI�WKH�6DPH�7HVW�

IRU�-RLQW�6DPSOHV�IURP�([SRVXUHV�RI�WKH�+DODQJ��7PSK��DQG�.XPEDQJ�)RUPDWLRQV��7PSN��RI�7HUWLDU\�5RFNV�)RUPDWLRQV�

(Hirnawan et al����������
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)LJXUH����*HRORJLF�PDS�RI�5HVHDUFKHG�$UHD���LQ�5DQFDK�DUHD��6RSKLDQ��������

)LJXUH����*HRORJLF�PDS�RI�5HVHDUFKHG�$UHD���LQ�.XORQ�3URJR�0RXQWDLQRXV�UHJLRQ��%XGLDGL��������
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neotectonism and its degree of the intensity deform-

ing the Quaternary volcanic deposits and governing 

morphometry development.

Active Tectonism Determining River Segment 

Development  (Testing Hypothesis 1)

Quaternary volcanic deposits have been being 

deformed by the neotectonic activity. In Researched 

$UHD���IRU�H[DPSOH��WKH�GHSRVLWV��4E[��ZHUH�IROGHG�

and jointed forming gently folds, which were 

REVHUYHG� LQ� WKH� VXUIDFH� �)LJXUH� ����7KLV� DFWLYH�

tectonism determining river segment development 

ZDV�PHDVXUHG�E\�ODUJH�FRUUHODWLRQ�FRHI¿FLHQWV�EHW�

ween lineament and river segment azimuths on the 

GHIRUPHG�4XDWHUQDU\�GHSRVLWV�LQ�5HVHDUFKHG�$UHD���

�)LJXUHV�����DV�WKH�UHVXOWV�RI�WHVWLQJ�+\SRWKHVLV�����

The result of regression-correlation analyses 

�+\SRWKHVLV����YHUL¿HV�KRZ�FORVH�DUH� WKH�UHODWLRQ�

between patterns of these variables are for the tribu-

taries of  the Cimuntur and Pemali Rivers on the 

Quaternary volcanic deposits, as well as the Cijolang 

and Pemali Rivers on Tertiary rocks in Researched 

$UHDV���DQG����)LJXUHV���DQG������

)LJXUH���D�RQ�WKH�ULJKW�VLGH��VKRZV�WKH�SORWWHG�

lineaments both on the Cijolang and Cimuntur River 

Basins on respective Tertiary and Quaternary rock 

formations. The lineaments are the results of photo 

interpretation of the photographs on the left side. The 

samples of numerical data pairs of lineament and 

river segment azimuths are presented as diagrams on 

)LJXUH�����D��$HULDO��SKRWRV�RI��WKH�&LMRODQJ�5LYHU�%DVLQ�RQ�7HUWLDU\�+DODQJ�)RUPDWLRQ��7PSK��DQG�&LPXQWXU�RQ�4XDWHUQDU\�

YROFDQLF�GHSRVLWV��4YD��DQG�WKH�GUDLQDJH�SDWWHUQ�ZLWK�OLQHDPHQWV���E��OLQHDU�UHODWLRQVKLSV�ZLWK��U��!�����EHWZHHQ�ULYHU�VHJPHQW�

and the lineament in the Cijolang (left) and Cimuntur Rivers (right), suggesting an active tectonism that determined the river 

PRUSKRPHWU\�GHYHORSPHQW�LQ�3DQDZDQJDQ�DUHD��5HVHDUFK�$UHD����+LUQDZDQ�������
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)LJXUH���E�ZKLFK�H[KLELW�WKH�VLJQL¿FDQW�FRHI¿FLHQW�

of correlation (very close relationship) between the 

variables involved. This suggests morphometry 

developments on both rock formations (separated 

by an unconformity) are determined by deformation 

pattern (lineaments) due to recent tectonic activity.

)URP�WKH�5HVHDUFKHG�$UHD����WKH�OLQLHU�UHJUHVVLRQ�

IRUPXOD�FRQVWUXFWHG�IURP�WKH�DQDO\VLV�LV��<� ��������

��������;�ZLWK�FRHI¿FLHQW�RI�FRUUHODWLRQ�U�LV�DV�ODUJH�

DV��������)LJXUH���D��7DEOH�����ZKLFK�VXJJHVWV�WKDW�

river segment development on Quaternary deposits 

is governed by a deformation pattern of the rock unit 

due to a recent active tectonic movement.

)LJXUH� �� EHLQJ� VXSSRUWHG�E\�7DEOH� �� VKRZV� D�

similar phenomenon occurring  in the Pemali River 

Basin in Bumiayu area to that in the above-men-

WLRQHG�ULYHU�EDVLQV�LQ�)LJXUH����7KH�FRQVWUXFWHG�OLQLHU�

IRUPXOD�LV��<� ���������������;�ZLWK�WKH�ODUJH�FRHI-

¿FLHQW�RI�FRUUHODWLRQ�U�LV��������)LJXUH��E��DOVR�7DEOH�

����7KH�GLDJUDPV�LQ�)LJXUH����VKRZ�WKDW�WKH�VWUDLJKW�

)LJXUH� ���$Q� H[SRVXUH� RI� IROGHG�4XDWHUQDU\�YROFDQLF� GH-

posits exhibiting a neotectonic activity in Bumiayu Area, 

&HQWUDO�-DYD��LQ�5HVHDUFKHG�$UHD����7KLV�URFN�XQLW�LV�IROGHG�

DQG�MRLQWHG��0HDVXUHPHQWV�RI�MRLQWV�ZHUH�FRQGXFWHG�DW�WKLV�

outcrop location for validating the lineament sample taken 

WKURXJK�VDWHOOLWH� LPDJHU\� LQWHUSUHWDWLRQ��VHH�7DEOH����¿HOG�

sample Qbx).

)LJXUH����a) Plotted lineaments obtained from satellite imagery interpretation on the Quaternary volcanic deposits (Qbx) and 

+DODQJ�)RUPDWLRQ�RI�7HUWLDU\�PDULQH�VHGLPHQWV��7PSK��LQ�5HVHDUFKHG�$UHD����E��'LDJUDP�H[KLELWLQJ�ODUJH�FRHI¿FLHQW�RI�

FRUUHODWLRQ�EHWZHHQ�ULYHU�VHJPHQW�DQG�OLQHDPHQW�D]LPXWKV�RI�WKH�3HPDOL�5LYHU�%DVLQ�RQ�4E[��F��GLWWR�RI�WKH�VDPH�ULYHU�EDVLQ�

on Tmph (Hirnawan et al., ������
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lines indicate the constants of proportion of nearly 

1.  The lines clearly explain that every single plotted 

SRLQW�RQ�;�DQG�<�D[HV�UHVSHFWLYHO\�RI�WKH�GLDJUDPV�

represents almost the same value of  every lineament 

and the river-segment azimuth. This phenomena are 

DOVR�GLVSOD\HG�LQ�)LJXUH���UHSUHVHQWLQJ�VLPLODU�PHDQ�

values of the variables taken from both Cijolang and  

Cimuntur river basins, which are clearly illustrated 

as rose diagUDPV�LQ�)LJXUH����VHH�QHDUO\�WKH�VDPH�

PHDQ�YDOXHV��VHH�$SS�����7DEOH���DQG����

)LJXUH���DOVR�H[KLELWV�D�FORVH�FRUUHODWLRQ�EHHWZHQ�

the two variables mentioned above, representing 

Quaternary volcanic deposits in Researched Area 2, 

ZKLOH�7DEOH���DV�WKH�UHVXOW�RI�UHJUHVVLRQ�FRUUHODWLRQ�

analyses shows the same phenomena occurring in 

three formations, which unconformably underlie WKH�4XDWHUQDU\� GHSRVLWV� �6RSKLDQ�� �������7KHVH�

phenomena suggest the active and intense tectonism 

in the researched area.

7DEOH���showing�WKH�UHVXOW�RI�YHUL¿FDWLRQ�RI�+\-

potheses 1 in Researched Area 2 exhibits the similar 

phenomenon of morphometry development of river 

basins in this area with that in Researched Areas 1 

and ���,Q�WKLV�WDEOH�WKUHH�PRUSKRPHWU\�RI�ULYHU�EDVLQ�

developments are proven to be determined by the 

OLQHDPHQW�SDWWHUQ�RQ�WKUHH�IRUPDWLRQV��EXW�RQ�)LJXUH�

��RQO\� WKH�UHJUHVVLRQ�IRUPXOD�IRU�GUDLQDJH�EDVLQV�

on Quaternary volcanic deposits is presented for 

ex hibiting the involvement of the recent tectonism.

In Kulon Progo mountainous region the phe-

nomena of a strong relation between lineaments 

and river segment azimuths of river basins are 

SUHVHQWHG�LQ�)LJXUH����LQ�ZKLFK�IRXU�SRSXODWLRQV�RI�

pair of samples of these two variables taken from 

four formations of Eocene to Quaternary exhibit the 

ODUJH� FRUUHODWLRQ� FRHI¿FLHQW� RI� WKH� YDULDEOHV��7KH�

result of the tests proves the active tectonic control 

on the Quaternary volcanic deposits, on which the 

morphometry development was governed by the 

deformation pattern.  

)LJXUH���VKRZV�WKH�VDPH�SKHQRPHQRQ�DV�ZHOO�

)LJXUH����Rose diagrams of lineament azimuths and stream-

segment azimuths in Panawangan area, Researched Area 1, 

exhibiting the similar means in both river basins. Arrows in 

URVH�GLDJUDPV�VKRZ�YHFWRU�PHDQV��Q� �QXPEHU�RI�VDPSOH�

PHPEHU�RI�PHDVXUHPHQWV��+LUQDZDQ��������

)LJXUH� ��� 6FDWWHUHG� GLDJUDP� H[KLELWLQJ� D� VLJQL¿FDQW� UHOD-

tionship between river segment and lineament in the Qua-

ternary volcanic deposits in Rancah area, Researched Area 

���6RSKLDQ��������

Ages of  Rocks n r R2 T
calculated

t
(0.01)

Decision Conclusion

Quaternary �� ����� ����� �������� ������ reject H
o
  close relation

Tertiary �� ����� ����� �������� ������ reject H
o
  close relation

Table 2. Result of Regression-Correlation Analyses between River Segment and Lineament Azimuths both in Quaternary 

9ROFDQLF�'HSRVLWV�DQG�7HUWLDU\�0DULQH�6HGLPHQWV�LQ�WKH�3HPDOL�5LYHU�%DVLQ��%XPLD\X�$UHD��5HVHDUFKHG�$UHD����+LUQDZDQ��

�����
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DV�WKRVH�RFFXUULQJ�LQ�5HVHDUFKHG�$UHDV�������DQG����

presented above.

A Measure of intense Degree of Tectonism (Test-

ing Hypothesis 2)

The measurements of degree of tectonic inten-

VLW\��LQ�WHUPV�RI�YHUL¿FDWLRQ�RI�+\SRWKHVLV���IURP�

IRXU�UHVHDUFKHG�DUHDV�LQ�)LJXUH����ZHUH�FDUULHG�RXW�

by testing the difference between two means of the 

following variables representing the morphometry 

of river basin development on respective Tertiary 

marine sediments and Quaternary volcanic deposits. 

The variables of drainage basins involved for this test 

are drainage density (D
d
) and bifurcation ratio (R

b
).

Drainage density (D
d
) is the average length of 

streams per unit area (total stream length L divided 

E\�WRWDO�EDVLQ�DUHD�$���'� �/�$��+RUWRQ������LQ�Jun 

;X������). Drainage density is one of the mostly 

used basin morphometric parameters because it is a 

good indicator of the relationship between climate, 

geology, soil, and vegetation. Drainage density 

YDULHV� ODUJHO\��PRVWO\� IURP����� WR� ���� EXW� LW� FDQ�

Epoch Formation  n r R2 Reg.  formulae Decision Conclusion

Tertiary

Halang �� ����� ����� \� �������[��������� reject H
o

close relation

Kumbang �� ������ ������ \� �������[��������� reject H
o

close relation

Tapak 44 ����� ������ \� �������[��������� reject H
o

close relation

7DEOH����Result of Regression-Correlation Analyses between River Segment and Lineament Azimuths  in the respective Ha-

ODQJ��.XPEDQJ��DQG�7DSDN�)RUPDWLRQV�RI�7HUWLDU\�(SRFK�LQ�5DQFDK�$UHD��5HVHDUFKHG�$UHD�����6RSKLDQ��������

)LJXUH����/LQLHU�UHODWLRQVKLSV�RI�ODUJH�FRUUHODWLRQ�FRHI¿FLHQW�EHWZHHQ�ULYHU�VHJPHQW�DQG�WKH�OLQHDPHQW�RQ�IRUPDWLRQV�DV�IRO-

ORZV����D��4XDWHUQDU\�YROFDQLF�GHSRVLWV���E��6HQWROR�DQG�-RQJUDQJDQ�)RUPDWLRQV��/DWH�0LRFHQH�WR�/DWH�3OLRFHQH����F��.DOL-

JHVLQJ�DQG�'XNXK�)RUPDWLRQV��2OLJR���0LRFHQH����G��1DQJJXODQ�)RUPDWLRQ��(RFHQH����(DFK�IRUPDWLRQ�LV�VHSDUDWHG�IURP�WKH�

RWKHUV�E\�DQ�XQFRQIRUPLW\���%XGLDGL��������
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EH�DV�KLJK�DV������7KLV�YDULDEOH�PDLQO\�UHSUHVHQWV�

fracture density of  river basin bed rock due to the 

tectonic activity.

Bifurcation ratio (Rb) is the ratio between the 

total number of streams of one order (Nu) to that of 

the next higher order (Nu+1) in a drainage basin. Rb 

 �1X���1X�����+RUWRQ������LQ�-XQ�;X��������6H-

nadeera et al., �������The bifurcation ratio changes 

from one order to the next, but tends to be constant, 

PRVWO\�ZLWKLQ�WKH�UDQJH�IURP���WR�����

These data  of  drainage density (D
d
) and bifur-

cation ratio (R
b
) are taken from Research Areas 1, 

������DQG���

The results of testing the hypothesis using data 

from all researched areas give conclusions that 

degree of tectonic intensity in several places were 

very intense, by which mean difference between 

drainage density (D
d
) of Cimuntur River Basin 

manifesting lineament density on Quaternary vol-

canic deposits of Ciremai Volcano in Panawangan 

area in Researched Area 1, for example, and that 

of the Cijolang River Basin on unconformably 

XQGHUO\LQJ�WKH�+DODQJ�)RUPDWLRQ�LV�QRW�VLJQL¿FDQW�

(Table 4). 

Bifurcation ratio (R
b
) means of the Cijolang 

and Cimuntur River Basins respectively and also 

their abovementioned drainage density (D
d
) means 

RI�WKHVH�ULYHU�EDVLQV�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW��

7KH�LQVLJQL¿FDQW�GLIIHUHQFH�RI��PHDQ�RI�'
d
  suggests 

that intense degree of the active tectonic movement 

had  deformed the Quaternary volcanic deposits as 

well as the Tertiary rocks even being separated by an 

XQFRQIRUPLW\��1R�VLJQL¿FDQW�GLIIHUHQFH�RI�PHDQ�RI�

R
b
 gave a conclusion that river basin morphometries 

on both Quaternary volcanic deposits and Tertiary 

rock formation have been developing into the similar 

numbers of river junctions of the same stream orders 

(one order and the next higher order) governed by 

lineament pattern of the respective river bed rocks 

due to the intense tectonism.

2WKHU�GLIIHUHQW�SKHQRPHQRQ�RFFXUV��H[KLELWLQJ�

a less intense tectonic activity in the western slope 

region of Slamet Volcano in Bumiayu area, in Re-

VHDUFKHG�$UHD����ZKLFK�LV�LQGLFDWHG�E\�D�VLJQL¿FDQW�

difference between two means of drainage density 

(D
d
��RQ�7HUWLDU\�DQG�4XDWHUQDU\�URFNV�LQ�7DEOH����

Such the phenomenon also occurs in Rancah studied 

DUHD��6RSKLDQ���������

7KH�LQVLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�PHDQV�RI�

bifurcation ratio R
b
 of the river basins on the respec-

tive rocks manifests a fracture pattern that facilitates 

a similar river basin morphometry development in 

two systems (Tertiary and Quaternary rocks) due to 

the�WHFWRQLF�DFWLYLW\��2Q�WKH�FRQWUDU\��WKH�VLJQL¿FDQW�

difference of means of those river basin drainage 

densities (D
d
) was presented earlier, of which the 

variable mean on Tertiary rocks is larger, suggests 

that the fracture density in Quaternary deposits is 

lower than that in Tertiary rocks, or degree of active 

tectonic intensity deforming the deposits is less, 

compared with that in area around Ciremai Volcano 

mentioned in the foregoing part. 

TDEOH���FRQ¿UPV�WKH�FRQFOXVLRQ�RI� WKH�DFWLYH�

tectonism in Kulon Progo mountainous region, 

which had been drawn using correlation-regression 

WHVWV�LQ�)LJXUH����,Q�WKLV�WDEOH��WKH�UHVXOW�RI�WHVWV�DOVR�

exhibits the intense degree of the tectonic activity, 

by which the Quaternary deposits of System III 

had been deformed intensively as well as the un-

conformably underlying Sentolo and Jongrangan 

)RUPDWLRQV�RI�6\VWHP�,,�RI�/DWH�3OLRFHQH�HSRFK�

�%XGLDGL���������

This author had also conducted the same t-tests 

of difference between means of both R
b
 and D

d 
repre-

No Variables
Cijolang 
River Basin
Mean value

Cimuntur 
River Basin
Mean value

T2 
.10

T2 
calc.

Decision, Conclusion

1

2

Bifurcation 
ratio, R

b

Drainage 
density, D

d

������

������

������

������

����� ������ns accept Ho,
no difference

Table 4. 0XOWLYDULDWH�7HVW�RI�'LIIHUHQFH�EHWZHHQ��0RUSKRPHWULF�9DULDEOH�0HDQV�RI�WKH�&LMRODQJ�5LYHU�%DVLQ�GHYHORSLQJ�LQ�

WKH�7HUWLDU\�+DODQJ�)RUPDWLRQ�DQG�WKH�9DULDEOH�0HDQV�RI�WKH�&LPXQWXU�5LYHU�%DVLQ�LQ�4XDWHUQDU\�9ROFDQLF�'HSRVLWV�RI��WKH�

&LUHPDL��9ROFDQR�LQ�5HVHDUFKHG�$UHD�����+LUQDZDQ�������
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Variable tested

Mean values

n1/n2 t
calculated

T
0.975

Decision, 

ConclusionQuaternary

(System III)

Tertiary

(System IIA)

Bifurcation ratio (R
b
) ���� ������ 12/41 ������ ������

accept Ho, 

no difference 

Drainage density (D
d
) ����� ����� 12/41 ����� ������

accept Ho, 

no difference

7DEOH����Results of t-test of R
b
 and D

d 
�LQ�.XORQ�3URJR�0RXQWDLQRXV�5HJLRQ��5HVHDUFKHG�$UHD����%XGLDGL�������

senting the Nanggulan (Eocene) and Kaligesing and 

'XNXK�)RUPDWLRQV��2OLJR���0LRFHQH��RI��6\VWHP�,��

The results suggested an intense degree of tectonic 

activity, by which the mean differences of both drain-

age density and bifurcation ratio on the Quaternary 

deposits with those on the unconformably underly-

ing two systems, including the oldest Nanggulan 

IRUPDWLRQ��DUH�QRW�VLJQL¿FDQW��7KHVH�UHVXOWV�RI�WHVWV�

had suggested the continuous tectonic activity in 

Kulon Progo since post - Eocene.  

The degree of this intensive tectonic activity had 

generated three tectonic patterns or orientations, in 

terms of direction means of lineament and/or major 

fault development in Kulon Progo mountainous re-

JLRQ��RI�ZKLFK�6XPDWUD��-DYD��DQG�0HUDWXV�WHFWRQLF�

patterns are known to occur in this region. This 

YHUL¿HG�FRQFOXVLRQ�LQYHQWHG�E\�WKH�DXWKRU�KDG�VXS-

ported  the role of plate tectonic movements, rather 

than previous undation theory by Van Bemmelen in 

�������LQ�WKH�JHQHVLV�RI�WKLV�UHJLRQ�

DISCUSSION

The active tectonism in several places in West 

DQG�&HQWUDO�-DYD��ZKLFK�KDG�EHHQ�YHUL¿HG�WKURXJK�

the manifestation of river basin morphometry devel-

opment exhibits intense degree of deformation. The 

Quaternary volcanic deposits distributed and uncon-

formably overlying the Tertiary rocks in this region 

had been weakly deformed forming folds, joints, 

and faults, which facilitated and governed both the 

pattern and density of river basin morphometry deve-

lopment. This tectonic morphometry or also known 

as a morphotectonic phenomenon is very important 

to be studied. The result should be a base for a land 

stability mapping prior to any area development 

plan particularly in this country of active tectonism. 

The degree of tectonic intensity particularly 

with respect to stability of region is an important 

information needed for decision making in an area 

development planning, which should be well under-

a) Result of T2-Hoteling test

Population T2-Hoteling T2

(0.05,2,39)
Decision, Conclusion

Quaternary deposits vs. Tertiary 

sediments ������� �����

reject Ho,

VLJQL¿FDQW�GLIIHUHQFH

b) Results of t-tests

Variable 

tested

Mean values
n1/n2 F

calculated
F

0,5
t

calculated
T

0.975
 

Decision, 

ConclusionQuaternary Tertiary

Bifurcation 

ratio (R
b
)

����� ����� ����� ����� ����� ������ �������XS�WR������
accept Ho,

no difference 

Drainage 

density (D
d
)

����� ����� ����� ����� ����� ������ �������XS�WR������

reject Ho, 

VLJQL¿FDQW�

difference

7DEOH����a) Result of T2�+RWHOLQJ�7HVW�RI�'LIIHUHQFH�EHWZHHQ�9HFWRU�0HDQV�RI�5
b
 and D

d
 in Quaternary Deposits and Tertiary 

6HGLPHQWV�LQ�WKH�3HPDOL�5YHU�%DVLQ�LQ�%XPLD\X�$UHD��5HVHDUFK�$UHD����E��5HVXOWV�RI�W�WHVW�RI�5
b
 and D

d 
 (Hirnawan et al., 

�����
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%DVLQ�0RUSKRPHWU\�'HYHORSPHQW�RQ�4XDWHUQDU\�9ROFDQLF�'HSRVLWV��)��+LUQDZDQ�

stood and considered as an important determinant in 

a comprehensive approach of characterization of a 

region. This aspect has not been seriously considered  

so far in this intellectual tasks or assignments.

 Zonation of degree of tectonic intensity should 

EH�DEOH�WR�EH�PDSSHG�XVLQJ�YHUL¿HG�LQGLFDWRUV�GLV-

cussed in the foregoing part, by which zones of low 

to high tectonic intensities can be delineated. This 

zonation map can be very helpful in supporting the 

tasks.

CONCLUSION AND RECOMMENDATION

1. The results of these researches conducted in the 

region between eastern West Java and Central 

Java have proven and strongly supported the con-

clusion  that the recent tectonism is active. This 

neotectonic activity manifested by frequent shal-

low earthquakes, active faults, and landslides, 

etc., enables the present author to measure its 

stage of intensity through the similarity of tec-

tonic morphometry development of river basins 

on Quaternary to that on Tertiary rock deposits.  

This phenomenon is as the continuation of the 

former post Tertiary tectonic period generating 

deformation pattern in Quaternary volcanic de-

posits, which is similar to that for the Tertiary ma-

rine sedimentary rock formations. In other words, 

as the result of deformed Quaternary deposits 

by the intense recent tectonic movements, the 

drainage network and the morphometry of river 

basins developing in this deposits are similar to 

that in Tertiary rock formations. Therefore, this 

phenomenon is as a measure of the recent tectonic 

activity or neotectonism in terms of degree of 

tectonic intensity.

2. 0DQLIHVWDWLRQV�RI�GUDLQDJH�EDVLQ�PRUSKRPHWU\�

development being determined or controlled 

by deformation pattern in Quaternary volcanic 

deposits, which are similar to that in Tertiary 

marine sedimentary rock formations in several 

places in the region   due to neotectonism are as 

follows :

�� Correlation coefficients r of no less than 

����EHWZHHQ�ULYHU�VHJPHQWV�DQG�OLQHDPHQWV�

on Quaternary volcanic deposits are very 

VLJQL¿FDQW���

�� Differences between means of bifurcation 

ratio of river basins on Quaternary volcanic 

deposits and those on Tertiary rock forma-

WLRQV�DUH�QRW�VLJQL¿FDQW��DQG

��  Differences between means of drainage den-

sity of river basins on Quaternary volcanic 

deposits and those on Tertiary rock forma-

WLRQV�DUH�QRW�VLJQL¿FDQW��H[FHSW�LQ� �5DQFDK�

and Bumiayu areas, where the differences 

DUH�VLJQL¿FDQW�

��� The manifestations of the active tectonic move-

ments mentioned above suggest the following 

conclusions:

�� River segment development on Quaternary 

volcanic deposits are merely governed or de-

termined by lineament or deformation pattern 

due to active tectonic movements.

�� Drainage network on Quaternary volcanic 

deposits is similar to that on Tertiary rock for-

mations due to active tectonic movements.

�� )UDFWXUH� GHQVLW\� DV� WKH� EDVLF� IDFWRU� GHWHU-

mining the drainage density of river basins 

on Quaternary deposits is similar to that on 

Tertiary rock formations due to neotectonism. 

This phenomenon measuring the intense de-

JUHH�RI�WHFWRQLF�DFWLYLW\�LV�YHUL¿HG��H[FHSW�LQ�

Rancah and Bumiayu areas, where the active 

tectonic effect is less intense.

4. The response of river basin morphometry to 

active tectonism, developing on Quaternary vol-

canic deposits compared to that on Tertiary sedi-

mentary rock formations  exhibits the measure 

of the degree of  tectonic intensity. This study 

is important for the characterization of region 

under the control of active tectonism regarding 

an area development planning, by which zona-

tion of degree of tectonic intensity should be 

mapped. The result of such the mapping can be 

very helpful in decision making, mainly through 

a comprehensive approach for the area develop-

ment planning.
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