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ABSTRACT

7KH�0RXQW�6ODPHW�YROFDQLF�¿HOG�LQ�&HQWUDO�-DYD��,QGRQHVLD��FRQWDLQV�WKLUW\�¿YH�FLQGHU�FRQHV�ZLWKLQ�

DQ�DUHD�RI����VT��NP�LQ�WKH�HDVW�ÀDQN�RI�WKH�YROFDQR��7KH�FLQGHU�FRQHV�RFFXU�VLQJO\�RU�LQ�VPDOO�JURXSV��

ZLWK�GLDPHWHU�RI�WKH�EDVH�UDQJHV�IURP�����������P�DQG�WKH�KHLJKW�LV�DURXQG�����P��:LWKLQ�WKH�YROFDQLF�

¿HOG��WKH�FLQGHU�FRQHV�DUH�VSUHDG�RYHU�WKH�YROFDQLF�DUHD�DW�WKH�GLVWDQFH�RI���WR����NP�IURP�WKH�HUXSWLRQ�

FHQWHU�RI�WKH�6ODPHW�9ROFDQR��7KH\�DUH�FRQFHQWUDWHG�ZLWKLQ�ODWLWXGHV��o11’00” - 7o16’00” S, and longitudes 

109o��¶��´���������¶��´�(��7KH�GHQVLW\�RI�WKH�FLQGHU�FRQHV�LV�DERXW�����FRQHV�NP2.

0RVW�RI�WKH�FLQGHU�FRQHV�OLH�RQ�WKH�7HUWLDU\�VHGLPHQWDU\�URFNV�DORQJ�WKH�1:�WUHQGLQJ�IDXOW�V\VWHP�

DQG�RQ�UDGLDO�IUDFWXUHV��7KH�VWUXFWXUDO�SDWWHUQ�PD\�EH�UHODWHG�WR�WKH�UDGLDO�IDXOWV�LQ�WKLV�UHJLRQ��7KH�FRQH�

VXUIDFHV�DUH�FRPPRQO\�EODQNHWHG�E\�6ODPHW�DLU�IDOOV�DQG�ODYD�ÀRZV�

7KH�GHSRVLWV�FRQVLVW�RI�SRRUO\�EHGGHG��YHU\�FRDUVH�JUDLQHG��RFFDVLRQDOO\�RYHUODLQ�E\�R[LGL]HG�VFRULD��

DQG�ODUJH�VL]HG�RI�EDOOLVWLF�ERPEV�DQG�EORFNV��7KHUH�DUH�YDULRXV�NLQG�RI�YROFDQLF�ERPEV�RULJLQDWLQJ�

IURP�VFRULDH�EDOOLVWLF�URFN�IUDJPHQWV��7KH�RWKHU�NLQG�RI�YROFDQLF�ERPEV�DUH�EUHDGFUXVW�ERPE��DOPRQG�

seed or contorted shape. 

$OO�RI�WKH�FLQGHU�FRQHV�KDYH�XQGHUJRQH�GHJUDGDWLRQ��ZKLFK�FDQ�EH�REVHUYHG�IURP�WKH�FKDUDFWHUV�

RI�JXOO\�GHQVLW\�DQG�VXUIDFH�PRUSKRORJ\��%\�XVLQJ�3RUWHU�SDUDPHWHUV��+FR�LV�HTXDO�WR������:FR��ZKLOVW�

:FU�LV�HTXDO�WR������:FR��7KH�+FR�:FR�UDWLR�LV�KLJKHU�WKDQ�+FR� �����:FR�UHIHUHQFH�OLQH��$�UDGLRPHWULF�

GDWLQJ�XVLQJ�.�$U�PHWKRG�FDUULHG�RXW�RQ�D�VFRULD�ERPE�\LHOGV�WKH�DJH�RI�������+ 0.020 Ma.

Keywords��&LQGHU�FRQH��VFRULDH��EDOOLVWLF�ERPEV��DLU�IDOO��ODYD�ÀRZ��UDGLRPHWULF�GDWLQJ�

SARI

Daerah vulkanik Gunung Api Slamet di Jawa Tengah, Indonesia, mempunyai tiga puluh lima kerucut 

sinder dalam area 90 km2 di lereng timur gunung api ini. Kerucut sinder hadir baik secara tunggal 

maupun dalam kelompok kecil dengan garis tengah alasnya berkisar antara 130 - 750 m dengan nilai 

rata-rata 430 m, dan tingginya mencapai 250 m. Dalam area vulkanik ini, kerucut sinder tersebar pada 

radius 4 – 14 km dari kawah Gunung Slamet, dan terhimpun di antara Lintang 7o11’ – 7o16’S dan Bujur 

109°15’ – 109o18’T. Kerapatan kerucut sinder ini adalah 1,5 kerucut/km2.

Sebagian besar kerucut sinder ini muncul pada batuan sedimen Tersier sepanjang sistem sesar 

mengarah barat laut - tenggara, dan pada rekahan radial. Di daerah ini, pola struktur kemungkinan 

berhubungan dengan rekahan radial tersebut. Bagian permukaan kerucut sinder pada umumnya tertutup 

endapan jatuhan piroklastika dan aliran lava Gunung Slamet. Endapannya terdiri atas skoria berukuran 

kasar sampai bom balistik, tidak berlapis, dan permukaan butirannya kadang-kadang teroksidasi, 

terutama pada butiran bom atau bongkah. Jenis bom tersebut umumnya berasal dari bom skoria balistik. 

Jenis lain di antaranya bom kerak-roti, bentuk biji almon, atau bentuk terpilir.

Semua kerucut sinder mengalami degradasi akibat torehan pada lerengnya dan perubahan morfologi 

permukaannya. Dengan menggunakan parameter Porter diperoleh Hco sebanding dengan 0,25 Wco, 

sedangkan Wcr sebanding dengan 0,40 Wco. Rasio antara Hco/Wco lebih besar dari Hco = 0,2 Wco  

garis acuan. Pentarikan umur bom skoria dari salah satu kerucut sinder dengan metode radiometrik 

K-Ar menunjukkan umur 0,042 + 0,020 jtl.

Kunci: Kerucut sinder, skoria, bom balistik, jatuhan piroklastik, aliran lava, pentarikhan 

radiometrik.



58 Jurnal Geologi Indonesia, Vol. 4 No. 1  Maret 2009: 57-75

INTRODUCTION

0RXQW� 6ODPHW� LV� VLWXDWHG� QHDU� WKH� ERXQGDU\�

EHWZHHQ�:HVW� DQG�&HQWUDO� -DYD�3URYLQFHV� DERXW�

��� NP� QRUWKZHVW� RI� 3XUEDOLQJJD�� &HQWUDO� -DYD��

7KH�KLJKHVW�SHDN�LV�DERXW������P�DERYH�VHD�OHYHO��

DQG�JHRJUDSKLFDOO\�LW�LV�ORFDWHG�DW�����¶��´�6�DQG�

������¶��´�(��7KH� VWXG\� DUHD� LV� VLWXDWHG� LQ� WKH�

HDVWHUQ�VORSH�RI�0RXQW�6ODPHW�DQG�LV�ERXQGHG�E\�

latitudes 7o10’00” to 7o17’00” S, and longitudes 

109o12’00” to 109o��¶��´�(��)LJXUH�O���7KH�VWXG\�

DUHD�FRPSULVHV�����VTXDUH�NLORPHWHUV�RI�ZKLFK�WKH�

PDMRU�SDUW�FRQVLVWV�RI�VWHHS�VORSHV��7KH�VWXG\�DUHD�

LV�DFFHVVLEOH�IURP�WKUHH�PDMRU�WRZQV��QDPHO\�3XUED�

OLQJJD��3HPDODQJ�DQG�7HJDO��RI�ZKLFK�0RJD�9LOODJH�

DW�3HPDODQJ�LV�WKH�PDLQ�DFFHVV�WR�WKH�VWXG\�DUHD�

This paper is part of a geologic mapping carried 

RXW�LQ������DQG�ZDV�UHYLVHG�LQ�������7KH������VWXG\�

ZDV�IRFXVHG�RQ�WKH�WKLUW\�¿YH�FLQGHU�FRQHV�ORFDWHG�LQ�

WKH�HDVW�ÀDQN�RI�0RXQW�6ODPHW�WKDW�FRYHUV�DQ�DUHD�RI�

DERXW����NP2��$�EDVH�PDS�RI�����������LQ�VFDOH�XVHG�

LQ�WKH�¿HOG�ZDV�FRPSLOHG�IURP�DHULDO�SKRWRJUDSKV�

ZLWK�WKH�VFDOHG�RI���LQFKHV�HTXDO���PLOH��SURYLGHG�

E\�9ROFDQRORJLFDO�6XUYH\�RI�,QGRQHVLD��7KH�WKLUW\�

¿YH�FLQGHU�FRQHV�VKRZ�YDULDWLRQ�LQ�VKDSH��EDVH�RI�WKH�

FRQH�ZLGWK��KHLJKW��DQG�FUDWHU�GLDPHWHU��0RVW�RI�WKH�

FRQHV�KDYH�EHHQ�HURGHG�DV�VKRZQ�E\�HYLGHQFHV�RI�

LQFLSLHQW�EURDG�VKDOORZ�UDGLDO�JXOOLHV��DQG�WKH�FUDWHU�

RSHQLQJV�RFFXULQJ�WR�DQ\�GLUHFWLRQV�

The cinder cones are formed due to the Strom-

EROLDQ�HUXSWLRQ��7KH�FRQH�EXLOGLQJ�SURFHVV�LV�PDLQO\�

RQH�RI�EDOOLVWLF�GHSRVLWLRQ�DQG�VOXPSLQJ��ZLWK�VRPH�

RI� WKH� ¿QH�JUDLQHG� DLUIDOO� FDUULHG� DZD\� E\�ZLQG�

(McGetchin et al����������0DFGRQDOG��������GH¿QHV�

cinder cones as small truncated, cone shaped volca-

QLF�KLOOV�ZLWK�WKH�WRS�FRQWDLQV�ERZO�VKDSHG�FUDWHUV��

The hills, often called tephra cones or scoria cones, 

DUH�EXLOW�XS�E\�DQ�DFFXPXODWLRQ�RI�FLQGHUV�DQG�RWKHU�

S\URFODVWLF� GHEULV� DURXQG� DSSUR[LPDWHO\� FLUFXODU�

YHQW��7KH� FLQGHU� FRQHV� DUH� SULPDULO\� FRQVWUXFWHG�

E\�PRGHUDWHO\� H[SORVLYH� HUXSWLRQV�� SULVWLQH� FRQH�

PRUSKRPHWU\� GHSHQGLQJ� SULQFLSDOO\� XSRQ� H[SOR-

VLYH� HUXSWLRQV� WKDW� DUH� EDVHG�RQ�S\URFODVWLF� VL]H��

GLVWULEXWLRQ�� HMHFWLRQ� YHORFLW\�� DQG� HMHFWLRQ� DQJOH�

(Settle, 1979).

GEOLOGIC SETTING

General Geology

7KH�PRUSKRORJ\�DQG�JHRORJLF�LQYHVWLJDWLRQV�RI�

0RXQW�6ODPHW�DQG�LWV�YLFLQLW\�KDYH�EHHQ�FDUULHG�RXW�

E\�1HXPDQQ�YDQ�3DGDQJ���������3DUG\DQWR���������

'MXUL���������DQG�¿QDOO\�E\�6XWDZLGMDMD�et al. (1985). 

0RXQW�6ODPHW�OLHV�RQ�WKH�ZHVWHUQ�SDUW�RI�WKH�1RUWK�

6HUD\X�5DQJH�DQG�EHORQJV�WR�WKH�%RJRU�=RQH��9DQ�

%HPPHOHQ���������3DUG\DQWR��������VXJJHVWHG�WKDW�

0RXQW�&RZHW� �2OG�6ODPHW�9ROFDQR��ZDV�EXLOW� LQ�

PLG��4XDWHUQDU\�� DQG�KDG�HUXSWHG� ODYD� DQG�S\UR-

FODVWLF�PDWHULDOV��,Q�DGGLWLRQ��+DPLOWRQ��������VWDWHG�

WKDW�WKH�/DWH�&HQR]RLF�YROFDQRHV�ULVH�PRVWO\�DERYH�

Neogene marine strata, rather than outcropping in 

SUH�7HUWLDU\� FRPSOH[HV�� )XUWKHUPRUH� WKH� \RXQJ�

YROFDQLF�URFNV�LQ�-DYD�DUH�PDUNHGO\�PRUH�PD¿F�LQ�

average composition than those of Sumatera.

6HGLPHQWDU\�URFNV�RI�ERWK�7HUWLDU\�DQG�4XDWHU-

QDU\�DJH�DUH�H[SRVHG�LQ�WKH�VWXG\�DUHD��0RVW�RI�WKH�

7HUWLDU\� GHSRVLWV� DUH� FRQFHDOHG�EHQHDWK� WKH�4XD-

WHUQDU\�YROFDQLF�SURGXFWV�RI�0RXQW�6ODPHW��ZKLFK�

UDQJHV�IURP�D�WKLQ�OD\HU�WR�D�FRYHU�PRUH�WKDQ������P�

thick. Van Bemmelen (1949) divided Mount Slamet 

SURGXFWV�LQWR�WZR�PDMRU�YROFDQLF�W\SHV�����9ROFDQLF�

,��ZKLFK�ZDV�SURGXFHG�E\�WKH�2OG�6ODPHW�9ROFDQR��

)LJXUH����,QGH[�PDS�VKRZLQJ�ORFDWLRQ�RI�WKH�0RXQW�6ODPHW�

DQG�FLQGHU�FRQHV�DUHD��3HPDODQJ�DQG�3XUEDOLQJJD�5HJHQFLHV��

&HQWUDO�-DYD��,QGRQHVLD��

0 10 20

Kilometer

6WXG\�DUHD
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7KH�&LQGHU�&RQHV�RI�0RXQW�6ODPHW��&HQWUDO�-DYD��,QGRQHVLD�

�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

DV�3DUG\DQWR��������FRQVLGHUHG�WKDW�WKH�2OG�6ODPHW�

SURGXFWV�ZHUH�HUXSWHG�IURP�0RXQW�&RZHW��O\LQJ�LQ�

WKH�ZHVWHUQ�SDUW�RI�0RXQW�6ODPHW��DQG����9ROFDQLF�

,,�SURGXFWV�EHLQJ�WKH�UHVXOW�RI�0RXQW�6ODPHW�HUXS-

WLRQV� �)LJXUH� ���� 6XWDZLGMDMD�et al. (1985) stated 

WKDW� WKH�2OG�6ODPHW� URFNV� FRQVLVW� RI� KRUQEOHQGH�

DQG� S\UR[HQH� DQGHVLWHV� DQG� HUXSWLYH�PDWHULDOV�

IURP�0RXQW�6ODPHW��FKDUDFWHUL]HG�E\�DQGHVLWLF�DQG�

ROLYLQH�EDVDOWV�

STRUCTURAL SETTING

General Feature

7KH�FLQGHU�FRQH�FRPSOH[�RI�0RXQW�6ODPHW�LV�OR-

FDWHG�FORVH�WR�WKH�%DQ\XPDV�GHSUHVVLRQ��HTXLYDOHQW�

WR�WKH�%DQ\XPDV�)DXOW�=RQH��7MLD���������3K\VLR-

JUDSKLFDOO\��LW�LV�LQFOXGHG�WR�WKH�ZHVWHUQ�SDUW�RI�WKH�

1RUWK�6HUD\X�5DQJH�DQG�WKH�HDVWZDUG�FRQWLQXDWLRQ�

RI� WKH�%RJRU�=RQH� �9DQ�%HPPHOHQ�� �������7KH�

PDLQ�WHFWRQLF�IHDWXUHV�RI�WKH�4XDWHUQDU\�WHFWRQLVP�

DUH� DVVRFLDWHG�ZLWK� WKH� RFFXUUHQFH� RI� LVODQG� DUF�

VWUXFWXUHV�DQG�QHJDWLYH�LVRVWDWLF�JUDYLW\�DQRPDOLHV�

(Katili, 1969).

7KH�WHFWRQLVP�DFWLYLW\��ZKLFK�IRU�DW�OHDVW�DW�WKH�

HDVWHUQ�]RQHV�RI�WKH�DUHD��ZDV�SDUWO\�SUH�YROFDQLF�

event, had caused the tilting and folding of the 

0LRFHQH� DQG� 3OLRFHQH� VHGLPHQWDU\� VXEVWUDWXP��

7KH� WHFWRQLF� HOHPHQWV�ZKLFK� FRQVLGHUDEO\� DIIHFW�

WKH�YROFDQLF�URFN��HVSHFLDOO\�2OG�6ODPHW�YROFDQLF�

URFNV�DUH�QRUPDO�IDXOW�V\VWHP�WR�ZKLFK�WKH�DFWLYLW\�

RI�0RXQW�6ODPHW�LV�SUHVXPDEO\�FRQQHFWHG��7KLV�IDXOW�

V\VWHP�ZLWK�D�JUDYLW\�VOLS�FRPSRQHQW�KDV�FRQWUROOHG�

VHYHUDO�ÀDQN�HUXSWLRQV�RI�ODYD�ÀRZ�LQ�WKH�ZHVW�IRRW�

RI�0RXQW�6ODPHW��ZKHUHDV�LQ�WKH�PDSSHG�DUHD��WKH�

VXEVLGHG�EORFNV�RU� IRRWZDOOV�DUH�FRPPRQO\�¿OOHG�

E\�ODYD�ÀRZV�

Structural Control of the Area

7KH�DUHD�RI�0RXQW�6ODPHW�LV�RFFXSLHG�E\�UDGLDO�

VWULNH� VOLS� IDXOWV� DVVRFLDWHG�ZLWK� WKH� IRUPDWLRQ�RI�

0RXQW�6ODPHW�DQG�WKH�FLQGHU�FRQHV��)LJXUH�����7KH�

FLQGHU�FRQH�¿HOG�LV�VLWXDWHG�LQ�DQ�DUHD�RI�H[WHQVLYH�

IDXOWLQJ�DQG�LV�DVVRFLDWHG�ZLWK�ODYD�ÀRZV�IURP�WKH�

PDLQ�FUDWHU�RI�0RXQW�6ODPHW��7KHUH�DUH�WZR�PDLQ�

GLUHFWLRQV� RI� IDXOWLQJ�� QRUWKHDVW� �� VRXWKZHVW� DQG�

QRUWKZHVW� �� VRXWKHDVW� �'MXUL�� �������%RWK� VHWV� RI�

IDXOWV�DUH�VWULNH�VOLS�OHIW�ODWHUDO�REOLTXH�VOLS�IDXOWV��

6HYHUDO�JUDEHQV�DQG�QRUPDO�IDXOWV�DUH�PDLQO\�DVVRFL-

DWHG�ZLWK�6ODPHW�YROFDQLF�GHSRVLWV��SDUWLFXODUO\�WKH�

2OG�6ODPHW�RU�0RXQW�&RZHW��6XWDZLGMDMD���������

2Q�WKH�HDVW�VORSH�RI�0RXQW�6ODPHW��ERWK�W\SHV�RI�

)LJXUH����0DS�VKRZLQJ�WKH�GLVWULEXWLRQ�RI�2OG�6ODPHW��DQGHVLWLF�DQG�UK\ROLWLF��DQG�<RXQJ�6ODPHW��EDVDOWLF�DQGHVLWH��URFNV��

The investigated cinder cones lie on the east slope of Mount Slamet.
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IDXOWV�� LQ� SDUWLFXODU� WKRVH� WUHQGLQJ�QRUWKZHVW� DQG�

northeast, control the alignment of volcanic vents of 

the cinder cones. In the eastern part of the area, the 

UHODWLRQVKLS�EHWZHHQ�WHFWRQLF�VWUHVV�DQG�FLQGHU�FRQH�

OLQHDPHQWV�LV�PRUH�REYLRXV��7KH�DUHD�VXUURXQGLQJ�

WKH� VXPPLW� RI�0RXQW�6ODPHW� LV� FKDUDFWHUL]HG� E\�

HDVW���ZHVW�IUDFWXUHV�DQG�SDUDOOHO�OLQHDPHQWV�RI�WKH�

FLQGHU�FRQHV��7KHVH�IUDFWXUHV�PD\�EH�UHODWHG�WR�WKH�

HDVW���ZHVW�WUHQGLQJ�QRUPDO�IDXOWV�MXVW�HDVW�DQG�ZHVW�

RI�WKH�YROFDQLF�¿HOG��7KH�FKDUDFWHULVWLF�IDXOW�SDWWHUQ�

LV�EHOLHYHG�WR�EH�D�UHVXOW�RI�FUXVWDO�FRQWUDFWLRQ�RI�

6RXWK�-DYD�VXEGXFWLRQ�]RQH��.DWLOL��������

7KH�FLQGHU�FRQHV�RI�0RXQW�6ODPHW��ZKLFK�PRVWO\�

OLH�DORQJ�WKH�QRUWKZHVW�WUHQGLQJ�IDXOW�V\VWHP�DUH�DOVR�

FRQWUROOHG�E\�UDGLDO�QRUPDO�IDXOWV��7KH�PRVW�HYLGHQW�

GLVORFDWLRQ�LV�WKH�QRUWKZHVW�VWULNH�VOLS�IDXOW�WKDW�FXWV�

WKH�7HUWLDU\�URFN�IRUPDWLRQV�GRZQ�WKURZLQJ�WKHP�WR�

WKH�ZHVW�DQG�RIIVHWWLQJ�WKH�+DODQJ�)RUPDWLRQ�E\�KXQ-

GUHGV�RI�PHWHUV��&RQFHQWULF�OLQHDPHQWV�VXUURXQGLQJ�

WKH�FHQWUDO�YROFDQR�DUH�SRVVLEO\�GH¿QHG�E\�WKH�DU-

UDQJHPHQW�RI�WKH�FLQGHU�FRQHV��7KHUH�DUH�DW�OHDVW�¿YH�

FRQFHQWULF�OLQHDPHQWV��ZKLFK�PD\�EH�ULQJ�IUDFWXUHV�

�)LJXUH����7KH\�KDYH�VSDFLQJV�RI���WR���NP��$�V\VWHP�

RI�UDGLDO�IUDFWXUHV�ZKLFK�LV�DSSUR[LPDWHO\�FHQWHUHG�

on the vent of Mount Slamet, is also evidenced in 

the formation of the cinder cones. These fractures 

PRVWO\�GLVSODFH�WKH�7HUWLDU\�URFN�IRUPDWLRQV��VRPH�

RI�WKHP�FDQ�EH�WUDFHG�RQ�WKH�4XDWHUQDU\�YROFDQLF�

URFNV�E\�D�QRUWKZDUG�VXEVLGHQFH�DQG�WLOW�RI�IDXOWHG�

EORFNV��7KH� LQWUXVLRQ�RI�GLRULWH�DOVR�RFFXUV�DORQJ�

RQH�RI�WKRVH�IDXOWV��LQGLFDWHG�E\�WKH�HPSODFHPHQW�

RI�DQ�HDVW���ZHVW�HORQJDWHG�GRPH�

7KH�PRVW�LPSRUWDQW�VWUXFWXUH�ZKLFK�SUHVXPDEO\�

GLVSODFHV�URFNV�RI�WKH�2OG�6ODPHW�YROFDQLF�ERG\�LV�

D�QRUWKHDVW�IUDFWXUH��SUREDEO\�QRUPDO�IDXOW���,W�LV�D�

ODUJH�FROODSVH�VWUXFWXUH�WRZDUGV�QRUWK�IROORZHG�E\�

PXOWLSKDVH�HUXSWLRQV� WR�EXLOG�XS� WKH�\RXQJ�FRQH��

DV�0RXQW� 6ODPHW��7KHUH� LV� D� SRVVLELOLW\� WKDW� WKH�

FROODSVH�ZDV� DFFRPSDQLHG�E\� D� IRUPDWLRQ�RI� WKH�

FLQGHU� FRQHV��7KH� FROODSVH� SUREDEO\� SXVKHG� XS�

WKH�QRUWKHDVW�SDUW�RI�WKH�7HUWLDU\�URFNV�DQG�IRUPHG�

concentric gentle folds (Figure 4). The structural 

IUDPHZRUN�RI�WKH�DUHD�ZKLFK�LQFOXGHV�WKH�JHQHUDO�

pattern of radial fractures is centered on the vent of 

0RXQW�6ODPHW��7KH�FLQGHU�FRQH�GLVWULEXWLRQ�SDWWHUQ�

LV�FRQWUROOHG�E\�QHDU�VXUIDFH�IUDFWXUH�V\VWHPV��:LWKLQ�

WKH�6ODPHW�FLQGHU�FRQH�¿HOG��ULVLQJ�PDJPD�HQFRXQ-

tered multiple sets of crustal fractures and tends to 

EH� IXQHOOHG� LQWR� IUDFWXUH� LQWHUVHFWLRQV� WR� SURGXFH�

DQ�RYHUDOO�VFDWWHUHG�SDWWHUQ�RI�FRQH�GLVWULEXWLRQ��,Q�

FRQWUDVW��PDJPD�URVH�ZLWKLQ�WKH�FHQWUDO�FRQGXLW�RI�

D�YROFDQR�DQG�VFDWWHUHG�WKURXJK�WKH�IUDFWXUH�]RQH�

ZLWKLQ�WKH�7HUWLDU\�URFN�IRUPDWLRQV�WR�IRUP�PDJPD�

SRFNHWV��7KH�FLQGHU�FRQHV�ZHUH�IRUPHG�E\�KLJK�JDV��

)LJXUH����)UDFWXUHV�DQG�FRQFHQWULF�OLQHDPHQWV��SUREDEO\�FRQWURO�WKH�FLQGHU�FRQH�IRUPDWLRQ�

&LQGHU�FRQH Lava dome Granodiorite

Lineament &UDWHU

7017’ E

7010’ E
109022’ E109012’ E
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

EDVDOWLF�HUXSWLRQV�IURP�WKH�PDJPD�SRFNHWV�ZKLFK�

DUH�FRQWUROOHG�E\�VXUIDFH�IUDFWXUH�V\VWHPV��6XGUD�

djat, oral communication, 2006). Settle (1979) stated 

WKDW�PDJPD�ULVLQJ�ZLWKLQ� WKH�FHQWUDO�FRQGXLW�RI�D�

YROFDQR�LV�PRUH�OLNHO\�WR�EH�VKXQWHG�LQWR�RQH�RI�WKH�

PDMRU�IUDFWXUH�]RQHV�ZLWKLQ�WKH�YROFDQR¶V�HGL¿FH�DQG�

GLVFKDUJHG�VRPHZKHUH�DORQJ�WKH�VXUIDFH�H[SUHVVLRQ�

RI�WKH�IUDFWXUH��*HQHUDOO\��LW�SURGXFHV�D�SUHIHUHQWLDOO\�

DOLJQHG�SDWWHUQ�RI�FRQH�GLVWULEXWLRQ�ZLWK�LQGLYLGXDO�

FRQHV�FRQFHQWUDWHG�LQ�VSHFL¿F�UDGLDO�VHFWRUV�RQ�WKH�

ÀDQNV�RI�WKH�YROFDQR��6HWWOH��������DOVR�GHVFULEHG�

WKH�UHODWLYHO\�VPDOOHU�DYHUDJH�VL]H�DQG�VSDFLQJ�RI�

FLQGHU�FRQHV�IRUPHG�XSRQ�WKH�ÀDQNV�RI�YROFDQRHV��

7KLV�PD\� UHÀHFW� WKH� UHODWLYH�HDVH�ZLWK�ZKLFK� WKH�

HUXSWLYH�DFWLYLW\�FDQ�VKLIW�WR�KLJKHU�RU�ORZHU�HOHYD-

WLRQV�DORQJ�D�FRQWLQXRXV�IUDFWXUH�]RQH�LQ�UHVSRQVH�

to variations in magmatic pressure during periods 

RI�DFWLYH�HUXSWLRQ��)UDFWXUH�]RQHV�H[SRVHG�XSRQ�WKH�

ÀDQNV�RI�YROFDQRHV�FRPPRQO\�H[WHQG�RYHU�D�ZLGH�

range of elevation, encompassing several kilometers 

of vertical topographic relief (Mac Donald, 1972).

GEOMETRY OF THE CINDER CONES

Morphology

&LQGHU� FRQH� LV� WKH�PRVW� FRPPRQ� YROFDQLF�

ODQGIRUP�FUHDWHG�E\�D�6WURPEROLDQ�DFWLYLW\�DQG�WKH�

FRQH�EXLOGLQJ�SURFHVV�LV�RQH�RI�WKH�EDOOLVWLF�GHSRVL-

WLRQ�DQG�VOXPSLQJ��ZLWK�VRPH�RI�WKH�¿QHU�JUDLQHG�

DLUIDOO�FDUULHG�DZD\�E\�WKH�ZLQG��0F*HWFKLQ�et al., 

������+HLNHQ���������&LQGHU�FRQHV�RQ�0RXQW�6ODPHW�

UDQJH�IURP�VPDOO�PRXQGV�OHVV�WKDQ�����P�LQ�EDVDO�

GLDPHWHU�DQG�RQO\�VHYHUDO�PHWHUV�KLJK�� WR�KLOOV�DV�

PXFK�DV�����P�DFURVV�DW�WKH�EDVH�DQG�����P�KLJK��

7KH�PDMRULW\��KRZHYHU��DUH�����WR�����P�ZLGH�DQG�

��� WR� ����P�KLJK��'LIIHUHQFHV� LQ� VL]H� DQG� JURVV�

PRUSKRORJ\�DPRQJ�FRQHV�ODUJHO\�UHÀHFW�YDULDWLRQV�

in magnitude and duration of eruption (Porter, 1972). 

7KH�FLQGHU�FRQHV�RFFXU�VLQJO\�RU�LQ�VPDOO�JURXSV��

DSSDUHQWO\� DW� UDQGRP�DERXW� WKH� HDVW� VORSH� RI� WKH�

volcano (Figure 5 and 6).

7KH�FLQGHU�FRQH�FUDWHUV�JHQHUDOO\�EURDGHQ�DQG�

deepen, as eruption progresses, leading to a col-

)LJXUH����*HRORJLFDO�VWUXFWXUHV�RI�WKH�PDSSHG�DUHD��FRPSLOHG�PDLQO\�IURP�'MXUL��������DQG�6XWDZLGMDMD���������ZLWK�VRPH�

DGGLWLRQ�WR�WKH�VWUXFWXUHV�IUDFWXUHV�

Cinder cone

Crater rim

Granodiorite

Fault

Fracture, probably fault

Syncline - Anticline

LEGEND
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)LJXUH����'LVWULEXWLRQ�RI�FLQGHU�FRQHV�RQ�WKH�HDVW�ÀDQN�RI�0RXQW�6ODPHW��VKRZLQJ�VHYHUDO�FLQGHU�FRQHV��YLHZHG�WR�WKH�ZHVWHUQ�

area.

)LJXUH����'LVWULEXWLRQ�RI�FLQGHU�FRQHV�RQ�WKH�HDVW�ÀDQN�RI�0RXQW�6ODPHW�DQG�FLQGHU�FRQH�ÀDWIRUP��VHHQ�IURP�0RXQW�/RPSRQJ�

WRZDUGV�QRUWK�
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

lapse and slump structure inside their topographic 

ULPV� �:RKOHW]� DQG�6KHULGDQ�� ������� 6RPH�RI� WKH�

cinder cones have more than one crater that could 

EH�FDXVHG�E\�FKDQJLQJ�WKH�YHQW�ORFDWLRQ�GXULQJ�DQ�

eruption, and craters opening in particular directions 

DUH�FRPPRQO\�IRXQG��)LJXUH����

/DYD�ÀRZV�IURP�0RXQW�6ODPHW�DVVRFLDWHG�ZLWK�

FLQGHU�FRQHV�ZHUH�FRPPRQO\�SURGXFHG�E\�0RXQW�

6ODPHW¶V�YHQW�DQG�ÀDQN�HUXSWLRQV��7KH�IRUPHU�ODYD�

ÀRZV� JHQHUDOO\� ÀRZHG� GRZQ� DURXQG� WKH� ÀDQNV��

HQFORVLQJ� DQG�SDUWLDOO\� EXU\LQJ� WKH� FLQGHU� FRQHV��

0RVW�RI� WKH�FLQGHU�FRQHV� OLH�RQ� WKH�7HUWLDU\�VHGL-

PHQWV�� DQG� DUH� EXULHG�E\�0RXQW�6ODPHW� YROFDQLF�

SURGXFWV�� SDUWLFXODUO\� ODYD�ÀRZV� DQG� S\URFODVWLF�

airfalls. Almost all of the cinder cones are covered 

E\�WKH�6ODPHW�S\URFODVWLF�DLUIDOO��UDQJLQJ�IURP����FP�

WR���P�LQ�WKLFNQHVV��0RVW�RI�WKH�FRQHV�VKRZ�DV\P�

P�HWULF�ULPV��ZLWK�RQH�TXDGUDQW�RI�WKH�ULP�VWDQGLQJ�

KLJKHU�WKDQ�DGMDFHQW�TXDGUDQWV��,Q�PDQ\�LQVWDQFHV�

the opposing quadrant also stands higher than the 

LQWHUYHQLQJ�TXDGUDQWV��SURGXFLQJ�D�EL�SHDNHG� ULP�

�)LJXUH�����6XFK�DQ�DV\PPHWULF�ULP�ZDV�WKH�UHVXOW�

RI�VWURQJ�QHDU�VXUIDFH�ZLQG�GXULQJ�HUXSWLRQV�ZKLFK�

GULIW�HMHFWD�OHHZDUG�RU��DOWHUQDWLYHO\��WR�FORJJLQJ�RI�

WKH�YHQW��ZKLFK�FDQ�GLUHFW�D�VKRZHU�RI�S\URFODVWLF�

IUDJPHQWV� LQ� D� VSHFL¿F� GLUHFWLRQ� �3RUWHU�� �������

3RUWHU�FRQFOXGHG�WKDW�WKH�PRVW�DV\PPHWULFDO�FRQHV�

DSSHDU� WR� UHVXOW� IURP�SHUVLVWHQW�ZLQG� DFWLRQ�� IRU�

WKH�KLJKHVW� ULP�RI� WKH�FRQH� LQYDULDEO\� OLHV�RQ� WKH�

VDPH�VLGH�DV�WKH�WHSKUD�SOXPH�WKDW�ZDV�GHSRVLWHG�

GRZQZLQG�

*HQHUDOO\� WKH� FLQGHU� FRQHV� KDYH� H[SHULHQFHG�

VRPH� HURVLRQ� WR� VKRZ� HYLGHQFH� RI� LQFLSLHQW� JXO-

O\LQJ� LQ� WKH� IRUP�RI�EURDG� VKDOORZ� UDGLDO� VZDOHV��

6RPH�RI� WKH�FRQHV� VKRZ�D�PRGL¿HG� VXUIDFH�ZLWK�

VWURQJ� HURVLRQ� LQ� D� VSHFL¿F� GLUHFWLRQ�� VR� WKDW� WKH�

RSHQLQJ�FUDWHU��)LJXUH����E\�HQFURDFKPHQW�RI�KHDY\�

UDLQIDOOV��9HUZRHUG�DQG�&KHYDOOLHU��������FODVVL¿HG�

WKH�W\SHV�RI�YROFDQLF�FRQHV�EDVHG�RQ�PRQRJHQHWLF�

H[SORVLYH�YROFDQLF�SKHQRPHQD��HQHUJ\��ODQGIRUPV��

GHSRVLWV��LQ�UHODWLRQ�WR�WKH�ZDWHU�PDJPD�UDWLR��DQG�

KH�DQDO\]HG�WKDW�FLQGHU�FRQHV�ZHUH�EXLOW�E\�EDOOLVWLF�

VXEDHULDO�PDJPDWLF�HUXSWLRQV��DQG�FLQGHU�FRQHV�ZLWK�

RU�ZLWKRXW�ODYD�ÀRZV��RIWHQ�VHHP�WR�RFFXS\�WKH�VDPH�

site as an earlier tuff cone. 

(URVLYH�SURFHVVHV�RSHUDWLQJ�XSRQ�D�FRQH�¿HOG�

PD\�YDU\�VLJQL¿FDQWO\�DV� WKH�UHJLRQDO�ZHDWKHULQJ�

environment changes over geological time scales. 

)RU�H[DPSOH��ZHDWKHUHG�GHSRVLWV�RQ�WKH�ÀDQNV�PD\�

EH�H[SRVHG�WR�D�YDULHW\�RI�ZHDWKHULQJ�HQYLURQPHQWV�

UDQJLQJ� IURP� WURSLFDO� FRQGLWLRQV�QHDU� WKH�EDVH�RI�

WKH�YROFDQR�WR�VXEDUFWLF�FRQGLWLRQV�QHDU�WKH�VXPPLW�

(Porter, 1972). In addition, Scott and Trask (1971) 

suggested that since the ratio of cone surface area 

WR�FRQH�YROXPH�GHFUHDVHV�ZLWK�LQFUHDVLQJ�FRQH�GLD�

PHWHU��ÀXYLDO�SURFHVVHV�PD\�HURGH�VPDOOHU�FLQGHU�

FRQHV�DW�UHODWLYHO\�IDVWHU�UDWHV�

Distribution

$� WRWDO� RI� WKLUW\� ¿YH� FLQGHU� FRQHV� LQ�0RXQW�

6ODPHW�ZHUH�LGHQWL¿HG�IURP�WRSRJUDSKLF�PDSV�DQG�

aerial photographs, scale 1: 50,000 in conjunc-

WLRQ�ZLWK�¿HOG� REVHUYDWLRQV��7KH�PDMRULW\� RI� WKH�

FLQGHU� FRQHV� DUH� FRQFHQWUDWHG� EHWZHHQ� ODWLWXGHV�

7°11’00” to 7°16’00” S, and longitudes 109°15’00” 

to 109°18’00” E (Figure 7). The nearest cone is 4 

km and the farthest one is 14 km from the vent of 

Mount Slamet. A local concentration of the cinder 

FRQHV�LV�DW����NP�IURP�WKH�YHQW��ZKHUH�ORFDOO\�WKH�

FRQH�GHQVLW\� LV� ���� FRQHV�NP2. Those on the east 

VLGH�RI�0RXQW�6ODPHW�GHOLQHDWH�UDWKHU�VWULNLQJO\�WKH�

SULQFLSDO�IDXOW�]RQHV��ZKLFK�DUH�LQGLFDWHG�E\�OLQHD-

PHQWV�SDUWLFXODUO\�LQ�WKH�7HUWLDU\�URFN�IRUPDWLRQV��

7KH�QRUWKZHVW�VWULNH�VOLS�IDXOWV�FRQWUROOHG�VHYHUDO�

groups of the cones. In addition to these pronounce 

VXE�OLQHDU�JURXSLQJV�WKH�FLQGHU�FRQHV�DUH�DUUDQJHG�

in actuate patterns suggestive of concentric fracture 

]RQHV��VHH�)LJXUH����

7KH�FLQGHU�FRQHV�RFFXU�VLQJO\�RU�LQ�VPDOO�JURXSV��

DSSDUHQWO\�DW�UDQGRP�DURXQG�WKH�HDVW�VORSH�RI�WKH�

YROFDQR��6RPH��SRVVLEO\��DUH�DOLJQHG�DQG�UHSUHVHQW�

D�VHFRQG�RUGHU�IUDFWXUH�V\VWHP�ZKLFK�KDV�D�UDGLDO�

pattern and is centered at the volcano. In general, the 

FLQGHU�FRQH�GLVWULEXWLRQ�LV�DVVRFLDWHG�ZLWK�D�IUDFWXUH�

V\VWHP�SDUWLFXODUO\�ZLWK�QRUWKZHVW�VWULNH�VOLS�IDXOWV��

7KH�PRVW�GHQVH�FRQFHQWUDWLRQ�RFFXUV�EHWZHHQ�HOHYD-

WLRQ�RI������DQG������P�DERYH�VHD�OHYHO��$�VPDOO�

FOXVWHU�RFFXUV�EHWZHHQ�HOHYDWLRQ�RI�����DQG�����P�

DERYH�VHD�OHYHO��$OPRVW�DOO�RI�WKH�LGHQWL¿DEOH�FRQHV�

DUH�ZKROO\�RU�SDUWLDOO\�EXUULHG�E\�\RXQJHU�6ODPHW�

S\URFODVWLF�DLUIDOOV�DQG�ODYD�ÀRZV��,Q�WKLV�SDSHU�WKH�

GLVWULEXWLRQ�RI�6ODPHW�DLUIDOO�RYHU�WKH�FLQGHU�FRQHV�

DQG� WKH�7HUWLDU\� URFN� XQLWV�ZDV� QRW� SORWWHG��7KH�

FRQH�IRUPDWLRQ�RFFXUUHG�DORQJ�WKH�QRUWKZHVW�VWULNH�

VOLS�IDXOWV��LQ�WKH�IRUP�RI�IUDFWXUH�]RQHV�WKDW�ZHUH�

SHQHWUDWHG�E\�PDJPD�WR�IRUP�FLQGHU�FRQH�
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)LJXUH����7KH�GLVWULEXWLRQ�RI�WKH�FLQGHU�FRQHV�LQ�WKH�HDVW�ÀDQN�RI�0RXQW�6ODPHW��1XPEHU�RI�WKH�FRQH�FRUUHVSRQGV�WR�WKH�7DEOH���

0DMRU�VWUXFWXUDO�OLQHDPHQWV�H[SRVHG�DORQJ�WKH�

ÀDQN�RI�WKH�YROFDQRHV�DUH�LQWHUSUHWHG�DV�WKH�VXUIDFH�

H[SUHVVLRQV�RI�IUDFWXUH�]RQHV�WKDW�SHQHWUDWH�D�YRO-

FDQR¶V�HGL¿FH�DQG�FRPPRQO\�H[WHQG�WR�WKH�FHQWUDO�

magma conduit at the core of a volcano (Nakamura, 

�������6HWWOH��������REVHUYHG�WKDW�LQ�WKH�FRXUVH�RI�

VXEVHTXHQW�H[SORVLYH�DFWLYLW\��PDJPD�PD\�EH�IXQ-

QHOHG�LQWR�D�YDULHW\�RI�IUDFWXUH� LQWHUVHFWLRQV��RU� LW�

PD\�EH� ORFDOO\� LQMHFWHG� LQWR� UHJLRQDO� IUDFWXUHV� DW�

depth, accounting for the local alignment of small 

groupings of cones.

Morphometric Analyses

&LQGHU�FRQHV�VKRZ�YDULRXV�VWDJHV�RI�GHJUDGDWLRQ��

ZKLFK�FDQ�EH�HVWLPDWHG� IURP�UHODWLYH� DJHV��:RRG�

�������H[DPLQHG�WKH�SURFHVVHV�RI�FRQH�PRGL¿FDWLRQ�

IRU� � WKH� WZR�PRVW� LPSRUWDQW� GHJUDGDWLRQ�PHFKD-

QLVPV�������EXULDO�RI�WKH�FRQH�ÀDQNV�E\�VXEVHTXHQW�

ODYD�ÀRZV�� DQG� ���� HURVLRQ� DQG�PDVV�ZDVWLQJ�RI�

PDWHULDO�IURP�WKH�FRQH�ÀDQNV��.HDU��������GHYLVHG�

four stages in the erosion of large volcanic cones 

�FRPSRVLWH�YROFDQRHV��LQ�1HZ�=HDODQG��ZKHUH�WKH�

FRQQHFWLRQV� EHWZHHQ� DJH� DQG� GHJUHH� RI� HURVLRQ�

H[SUHVVHG�SUHVHQW�FRQH�VKDSH��,Q�WKLV�FDVH�WKH�GLPHQ-

VLRQV�RI�FLQGHU�FRQHV�DUH�V\VWHPDWLFDOO\�PHDVXUHG��

XVLQJ� WKH� WHUPLQRORJ\�RI�3RUWHU� ��������ZLWK�:FR�

 �FRQH�EDVDO�GLDPHWHU��:FU� �FUDWHU�GLDPHWHU��+FR� �

cone height; and D� �FRQH�VORSH�DQJOH��)LJXUH�����6RPH�

cones are less than the contour interval of maps used 

for measurement; therefore, the depth of the crater 

is not used as a descriptive parameter.

+HLJKW�ZLGWK�UDWLRV�RI�0RXQW�6ODPHW�FLQGHU�FRQHV�

Figure 8. Schematic diagram illustrating the parameters used 

WR�HVWLPDWH�FLQGHU�FRQH�VL]H��DIWHU�3RUWHU�������� 

Legend
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

VKRZ�D� OLWWOH� YDULDWLRQ�� WKH� FRQH�KHLJKW�FRPPRQO\�

EHLQJ������RI�WKH�FRQH�EDVDO�ZLGWK��)LJXUH��E���&UDWHU�

GLPHQVLRQV�DUH�DOVR�D�IXQFWLRQ�RI�FRQH�VL]H��ZLWK�FUDWHU�

ZLGWK�W\SLFDOO\�EHLQJ������RI�WKH�EDVDO�GLDPHWHU�RI�WKH�

cone (Figure 9a). The ratio of the cone height to 

WKH�GLIIHUHQFH�EHWZHHQ�EDVDO�ZLGWK�DQG�FUDWHU�ZLGWK�

DYHUDJHV������ZKLFK�LV�HTXLYDOHQW�WR�D�PHDQ�VORSH�RI�

����IRU� WKH�ÀDQNV�RI� WKH�FLQGHU�FRQH��7KDW�YDOXH� LV�

DSSUR[LPDWHO\� DQ� HTXLOLEULXP�DQJOH�RI� UHSRVH� IRU�

tephra comprising the cinder cones on the volcano 

�3RUWHU�� �������0HDVXUHG�PD[LPXP�VORSH�DQJOHV�

ZHUH�UHPDUNDEO\�FRQVLVWHQW�DURXQG�D�JLYHQ�¿HOG��DV�

ZHOO�DV�DPRQJ�FRQHV�RI�GLIIHUHQW�DJHV��DQG�W\SLFDOO\�

ZLOO�IDOO�ZLWKLQ�WKH�UDQJH�RI�����WR���°.

7KH�FLUFXPIHUHQFHV�RI�FUDWHU�ULPV�DQG�FRQH�EDVHV�

ZHUH�GHWHUPLQHG�ZKHUH� WKH�JHQHUDOO\� HTXLGLVWDQW�

WRSRJUDSKLF�FRQWRXUV�DEUXSWO\�ZLGHQ��$OWKRXJK�WKH�

FUDWHU�ZDV�QRW�YLVLEOH�RQ�WKH�WRSRJUDSKLF�PDSV��WKH�

GLDPHWHU�RI�WKH�FUDWHUV�FRXOG�EH�GHWHUPLQHG�IURP�WKH�

KLJK�TXDOLW\�DHULDO�SKRWRJUDSKV�

&RQH�EDVDO�GLDPHWHU�LV�GH¿QHG�KHUH�DV�WKH�DYHUDJH�

�PHDQ��RI�WKH�PD[LPXP�DQG�PLQLPXP�EDVH�GLDPHWHU�

PHDVXUHG�IRU�HDFK�FRQH��7KH�ORFDWLRQ�RI�D�FRQH�EDVDO�

HGJH�ZDV�GHWHUPLQHG� LQ� WZR�ZD\V�� H[SOLFLWO\� IURP�

aerial photographs and direct interpretation of the 

SRLQW�RI�WRSRJUDSKLF�LQÀHFWLRQ�DORQJ�D�FRQH�H[WHULRU�

VXUIDFH�E\�GH¿QLQJ�DQ�DEUXSW�FKDQJH�LQ�WKH�VSDFLQJ�

DQG�RU�FLUFXODULW\�RI�WRSRJUDSKLF�FRQWRXUV�RXWOLQLQJ�

the cone.

&RQH�KHLJKW�LV�GH¿QHG�KHUH�DV�WKH�GLIIHUHQFH�EH-

WZHHQ�WKH�DYHUDJH�EDVDO�HOHYDWLRQ�DQG�WKH�PD[LPXP�

HOHYDWLRQ�ZKLFK�LV�REVHUYHG�DW�WKH�FRQH�ULP�FUHVW�RU�

VXPPLW��&UDWHU�ZLGWK�IRU�HDFK�FRQH�ZDV�HDVLO\�REWDLQHG�

IURP�DHULDO�SKRWRJUDSKV��HYHQ�ZKHUH�HDFK�FRQH�FUDWHU�

VKRZV�YDULRXV�ZLGWKV�DQG�VKDSHV��PDQ\�RI�WKHP�GR�

QRW� KDYH� FLUFXODU� FUDWHU��&RQH� VHSDUDWLRQ�GLVWDQFH�

LV�UHSRUWHG�KHUH�DV�WKH�KRUL]RQWDO�GLVWDQFH�EHWZHHQ�D�

FLQGHU�FRQH�DQG�LWV�QHDUHVW�QHLJKERXU�DQG�LV�PHDVXUHG�

EHWZHHQ�WKH�FHQWHUV�RI�WZR�FRQHV�

3RUWHU��������KDV�SUHYLRXVO\�UHSRUWHG�DQ�HPSLULFDO�

UHODWLRQVKLS�EHWZHHQ�FRQH�KHLJKW��+FR��DQG�FRQH�EDVDO�

GLDPHWHU��:FR��LQ�ZKLFK�FRQH�KHLJKW��+FR�� ������:FR�

EDVHG�XSRQ�D�VHOHFW�JURXS�RI�WKLUW\�0DXQD�.HD�FLQGHU�

FRQHV�WKDW�DUH�SUHVXPDEO\�FKDUDFWHUL]HG�E\�D�IUHVK�

PRUSKRORJLFDO�DSSHDUDQFH��)LJXUH������%ORRP¿HOG�

et al.��������KDV�H[DPLQHG�WKH�PRUSKRPHWU\�RI�IRUW\�

RQH�FLQGHU�FRQHV�ZLWKLQ�D�VHFWLRQ�RI�WKH�0H[LFDQ�9RO-

FDQLF�%HOW�WR�WKH�HDVW�RI�3DULFXWLQ��+H�UHSRUWHG�D�PHDQ�

+FR�:FR�UDWLR�IRU�+RORFHQH�FRQHV�RI������DQG�D�PHDQ�

UDWLR�RI�+FR�:FR�RI������IRU�UHODWLYHO\�\RXQJ�³ZHOO�

IRUPHG´�3OHLVWRFHQH�FRQHV��7KHUHIRUH�WKH�+FR� �����

:FR�UHIHUHQFH�OLQH�VKRZQ�LQ�)LJXUH�����PD\�FKDU-

DFWHUL]H�WKH�LQLWLDO�VKDSH�RI�FLQGHU�FRQHV�IRUPHG�LQ�

ERWK�W\SHV�RI�YROFDQLF�SURYLQFHV�SULRU�WR�WKH�HURVLYH�

degradation.

The most common erosive processes on the cinder 

FRQHV�RFFXU�ZLWKLQ�WKH�FUDWHUV��7KH�PDWHULDOV�IURP�

FUDWHU�ZDOOV�ZHUH� HURGHG� DQG� FDUULHG�E\� UDLQ� IDOO�

WKURXJK�WKH�RSHQHG�FUDWHU��)XUWKHUPRUH��H[SDQVLRQV�

RI� WKH� FUDWHUV�ZHUH� LQGLFDWHG� E\� KLJK�:FU�:FR�

UDWLRV��ZKLFK�PD\�EH�VSHFL¿F�WR� WKH�FLQGHU�FRQHV�

at Mount Slamet.

Figure 9. Morphological characteristics of cinder cones on 

0RXQW�6ODPHW���D��WKH�KHLJKW�FRPPRQO\�EHLQJ������RI�WKH�

EDVDO�ZLGWK�� �E�� FUDWHU�ZLGWK� W\SLFDOO\� EHLQJ� ����� RI� WKH�

EDVDO� GLDPHWHU�� �F�� UDWLR� RI� FRQH� KHLJKW� WR� WKH� FUDWHU� DQG�

EDVDO�GLDPHWHU��

A

B

C
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Volume of Cinder Cones

0RUSKRPHWULF�SDUDPHWHUV�RI�FLQGHU�FRQH�ZHUH�

REWDLQHG�IURP�����������WRSRJUDSKLF�PDSV�DQG�DHULDO�

photographs. These parameters include cone height 

�+FR���FRQH�EDVDO�GLDPHWHU��:FR���DQG�FUDWHU�GLDP-

HWHU��:FU���VHH�)LJXUH�����0RVW�RI�WKH�FLQGHU�FRQHV�

VKRZ�D�V\PPHWULFDO�WUXQFDWHG�FRQH�VKDSH��EXW�FLQGHU�

FRQHV�WKDW�HUXSWHG�RQ�DQ�LQFOLQHG�EDVHPHQW�VXUIDFH�

ZHUH�RIWHQ�EUHDFKHG�RU�HORQJDWHG��7R�DOORZ�IRU�WKLV��

)LJXUH�����&RPSDULVRQ�RI�WKH�VKDSH�RI�FLQGHU�FRQHV�EHWZHHQ�0RXQW�6ODPHW�FLQGHU�FRQH�DQG�GDWD�IURP�6HWWOH���������&LQGHU�

FRQH�KHLJKW��+FR��LV�JUDSKHG�YHUVXV�FRQH�EDVDO�GLDPHWHU��7KH�VWUDLJKW�OLQH�LQ�HDFK�JUDSK�UHSUHVHQWV�WKH�UHODWLRQVKLS�RI�+FR� �

����:FR�ZKLFK�PD\�GHVFULEH�WKH�DYHUDJH�LQLWLDO�VKDSH�RI�FLQGHU�FRQHV�SULRU�WR�HURVLYH�GHJUDGDWLRQ��

Morphometric Analyses

$� UDGLRPHWULF� GDWLQJ� KDV� EHHQ� REWDLQHG� IURP�

RQH�VDPSOH�XVLQJ�WKH�.�$U�PHWKRG��$�ZKROH�URFN�

GDWH� IURP� WKH� EDVDOW� VFRULD� ERPE�RI�*XQXQJ�'L-

SDMD\D�FLQGHU�FRQH�\LHOGV�������+ 0.020 Ma. This 

DJH�LV�H[SHFWHG�WR�UHSUHVHQW�DOO�RI�WKH�FLQGHU�FRQHV��

EHFDXVH�WKH\�KDYH�VLPLODU�FKDUDFWHU��VXFK�DV�GHJUD-

dation stages, morphometric parameters, and rock 

conditions
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

:FR�DQG�:FU�DUH�GH¿QHG�DV�WKH�DULWKPHWLF�PHDQV�RI�

WKH�PD[LPXP�DQG�PLQLPXP�YDOXHV�RI�WKH�FRQH�FUDWHU�

ZLGWKV��+FR�LV�WKH�HOHYDWLRQ�GLIIHUHQFH�EHWZHHQ�WKH�

VXPPLW�RI�WKH�FLQGHU�FRQH�DQG�LWV�EDVH��&DOFXODWLRQ�

RI� WKH� FRQH�EDVDO� DQG� FUDWHU� GLDPHWHUV�� DQG� FRQH�

KHLJKW�DUH�SUHVHQWHG�LQ�7DEOH����)URP�WKHVH�YDOXHV��

WKH�YROXPH�RI�WKH�FLQGHU�FRQHV�FRXOG�EH�FDOFXODWHG�

XVLQJ�7RUDULQVVRQ�IRUPXOD��������EHORZ�

9FR� �S+������:FU����:FU:FR���:FR���

:KHUH��

9FR��  �YROXPH�RI�FLQGHU�FRQH��LQ�ODQ���

+��  �FRQH�KHLJKW��LQ�NP��

:FU��  �FUDWHU�GLDPHWHU��LQ�ODP��

:FR��  �FRQH�EDVDO�GLDPHWHU��NP�

7KH�FLQGHU�FRQHV�DUH�RIWHQ�SDUWO\�EXULHG�E\�ODYD�

ÀRZV�IURP�0RXQW�6ODPHW��DQG�DOPRVW�WKH�ZKROH�FRQH�

VXUIDFH�LV�FRYHUHG�E\�WKH�6ODPHW�DLUIDOO��(URVLRQDO�

SURFHVVHV�FDQ�GLPLQLVK�DQG�GLVWXUE�WKH�GLPHQVLRQ�

of the cinder cones, and the result of calculation of 

YROXPH�RI�DOO�FLQGHU�FRQHV�LV�SUHVHQWHG�LQ�7DEOH���

GRAIN SIZE ANALYSIS

Field Characteristics

7KH�WHUP�FLQGHU�LWVHOI� LV�DSSOLHG�WR�JODVV\��YH-

VLFXODU�HMHFWD�FRDUVHU�WKDQ�VDQG�VL]H��UDQJLQJ�XS�WR��

2 cm or more in diameter, and the material is light 

LQ�ZHLJKW�DQG�WKH�SDUWLFOHV�VKRZ�JOD]HG��SXOOHG��RU�

IUHVKO\� EURNHQ� VXUIDFHV� WKDW� DUH� RIWHQ� LULGHVFHQW�

ZKHQ�IUHVK��:HQWZRUWK�DQG�0F'RQDOG���������7KH\�

DGGHG�WKDW�VRPH�FLQGHUV�DUH�H[WUHPHO\�OLJKW��UDQJLQJ�

WR�UHWLFXODWH��EXW�WKH�PRUH�FRPPRQ�WH[WXUH�LV�SXP�

LFHRXV��ZLWK�LUUHJXODU��FRPSOHWH�YHVLFOHV��0DWHULDO�

WKDW� LV�PRVWO\����� WR���PP�LQ�GLDPHWHU�DQG�IDLUO\�

GHQVH�LV�FRPPRQO\�FDOOHG�³EODFN�VDQG´��SDUWV�WKDW�

are coarser and more vesicular are called cinders.

7KH�ERPEV�DUH�YHVLFXODU�DQG�FRQYROXWH��FRQVLVW-

LQJ� RI� IXVLIRUP�� EUHDGFUXVW�� DQG� EDOOLVWLF� ERPEV��

7KH�ERPEV�DUH�FRPPRQO\�IRXQG�LQWHUFDODWHG�ZLWKLQ�

WKH�OD\HUV�RI�DLUIDOO��EXW�VRPH�RI�WKH�FLQGHU�FRQHV�

DUH�PDLQO\� FRPSRVHG�RI� DQJXODU� EDOOLVWLF� ERPEV��

7KHVH�ERPEV�DUH�VLPLODU�LQ�VKDSH��VL]H��DQG�OLWKRO-

RJ\� WR� WKH� VWLOO�LQWDFW� IUDFWXUHG� ODYD� ULQGV� RI� WKH�

EUHDGFUXVW�ERPEV�� ,W� LV�SRVVLEOH� WKDW�PDQ\�RI� WKH�

EORFNV� DUH� GHULYHG� IURP� ODUJH� EUHDGFUXVW� ERPEV�

ZKLFK��ZKHQ� FKLOOHG��ZHUH� IUDFWXUHG� DQG� EURNHQ�

DSDUW�DV�WKH\�UROOHG��+HLNHQ���������7KLV�SURFHVV�ZDV�

DOVR�REVHUYHG�DW�3DULFXWLQ��0H[LFR�E\�0DF'RQDOG�

��������,Q�FURVV�VHFWLRQ��WKH�VSKHULFDO�ERPEV�KDYH�

D�YHVLFXODWHG�FRUH�ZLWK�D�JUHDW�DPRXQW�RI�YHVLFOHV��

UDQJLQJ�IURP���PP�WR���FP�LQ�GLDPHWHU��7KH�YHVLFOHV�

WHQG� WR�EHFRPH�VPDOOHU�DQG�GHQVHU� IURP�WKH�FRUH�

WR�WKH�VXUIDFH��+HLNHQ��������DOVR�GHVFULEHG�DQ�DF-

FUHWLRQDU\�ERPE�IURP�FLQGHU�FRQH��FRQVLVWLQJ�RI�DQ�

DJORPHUDWH�FRUH��XQLIRUP�ODYD�ULQG��DQG�EORFNV�DQG�

ERPEV� LPSUHVVHG� LQWR� WKH�RXWHU� ULQG�VXUIDFH��7KH�

ODYD�ULQG�LV�GHQVH��KDV�¿QH�YHVLFOHV�DQG�LV�FRPPRQO\�

FUDFNHG�E\�D�QHWZRUN�RI�LUUHJXODU�IUDFWXUHV��ZKLFK�

XVXDOO\� SHQHWUDWH� WKH� ULQG�� )XUWKHUPRUH��+HLNHQ�

�������GHVFULEHG�WKH�IRUPDWLRQ�RI�WKH�DFFUHWLRQDU\�

ERPEV�DV�IROORZV�������WDOXV�ZLWKLQ�WKH�FUDWHU�ZDV�

PL[HG�ZLWK�DQG�FRDWHG�E\�ODYD��DQG�����WKH�DJJORPHU-

DWH��ERXQGHG�E\�DQG�FRDWHG�ZLWK�ODYD�ZDV�HMHFWHG�WR�

WKH�FUDWHU�ULP�ZKHUH�LW�UROOHG�GRZQ�WKH�RXWHU�VORSH��

SLFNLQJ�XS�GHEULV�RQ�PROWHQ�VXUIDFHV��OLNH�D�UROOLQJ�

VQRZEDOO��7KH�UROOLQJ�LV�LQGLFDWHG�E\�WKH�DUPRULQJ�

ZLWK�WDOXV�IUDJPHQWV�DQG�WKH�DEVHQFH�RI�VHFRQGDU\�

FUDWHUV��DVVRFLDWHG�ZLWK�WKH�DFFUHWLRQDU\�ERPEV�

7KH�LQWHULRU�FUDWHU�ZDOOV�RI�WKH�FLQGHU�FRQHV�FRQ-

VLVW�RI�QHDUO\�KRUL]RQWDO�WR�RXWZDUG�GLSSLQJ�OD\HUHG�

S\URFODVWLFV��DVK�DQG�ERPEV���6RPH�ERPE�ULFK�OD\-

HUV�DUH�FHPHQWHG�E\�¿QHU�JUDLQHG�FLQGHUV�RU�VFRULD��

7KH�YHQW�LWVHOI�LV�¿OOHG�ZLWK�WDOXV�IURP�FROODSVH�RI�

WKH�YHQW�ZDOOV��DQG�RYHUODLQ�E\�6ODPHW�DLUIDOOV�

The cinder cone deposits on Mount Slamet are 

OLJKW�VFRULDFHRXV�FLQGHUV��URXQGHG��PRVWO\���WR����

FP�LQ�GLDPHWHU��JODVV\��DQG�GDUN�JUH\��,ULGHVFHQW�VNLQ�

RI�ZHDWKHUHG�FLQGHUV�LV�D�OLJKW�EURZQ�WR�EURZQLVK�

UHG�LQWHUFDODWLRQ�DPRQJ�WKH�IUHVK�FLQGHUV��:HDWKHUHG�

PDWHULDOV�ZHUH�YHU\�SXPLFHRXV�FLQGHUV��7KH�FLQGHUV�

FRQVLVW�RI�LQWHUEHGHG��JUDGHG��JUH\�DQG�EURZQLVK�UHG�

FRDUVH�DLUIDOO�EHGV�DYHUDJLQJ�IURP����WR����FP�WKLFN�

�DV�PHDVXUHG�RQ�WKH�*XQXQJ�0DODQJ�FRQH���EXW�WKH�

OD\HUV�VKRZ�LQGLVWLQFW�VWUDWL¿FDWLRQV��$OPRVW�DOO�RI�

WKH�EHGV�DUH�QRUPDOO\�JUDGHG�IURP�YHVLFXODU�ODSLOOL�

DQG�FRDUVH�JUDLQHG�DVK�DW�WKH�EDVH�XSZDUG�WR�VOLJKWO\�

¿QHU�JUDLQHG�JUD\�DQG�EURZQ�DVK�DW�WKH�WRS��,Q�H[-

SRVXUHV�RQ�WKH�FUDWHU�ZDOOV��WKH�EHGV�DUH�FRPPRQO\�

PRUH�WKDQ���P�WKLFN��6RPH�S\URFODVWLF�EHGV�LQ�WKH�

FLQGHU�FRQHV�DUH�GRPLQDQWO\�FRPSRVHG�RI�ERPEV��

EUHDG�FUXVW�� IXVLIRUP��DQG�EDOOLVWLF�ERPEV��SRRUO\�

VRUWHG��SRRUO\�VWUDWL¿HG��UDQJLQJ�IURP���WR����FP�LQ�
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GLDPHWHU�RI�ROLYLQH�EDVDOW��7KH�EHGV�RI�ERPEV�DUH�

WKLFN�DQG�FHPHQWHG�RU�LQWHUORFNHG�E\�¿QHU�JUDLQHG�

DVK�PDWHULDOV��:HOO�FRQVROLGDWHG�OD\HUV�PDNHV�WKH�

cinder cone resist to erosion. Juvenile and surface 

ZDWHU�SHQHWUDWHG� WKH�GHSRVLWV�SDVVLQJ� WKURXJK� WKH�

pores. The cinder cones are also preserved from ero-

VLRQ��EHFDXVH�WKH\�DUH�FRYHUHG�E\�6ODPHW�DLUIDOOV��,Q-

WHQVLYH�HURVLRQ�RFFXUV�ZLWKLQ�WKH�FUDWHUV��SDUWLFXODUO\�

RQ�WKH�FUDWHU�ZDOOV�WR�IRUP�ERZO�VKDSHG�EDVHV�

,Q�VRPH�FLQGHU�EHGV�DW�WKH�DQJOH�RI�UHSRVH��WKH�

No. Cinder cone's name Latitude

S

Longitude

E

Wco

(km)

Wcr

(km)

Hco

(km)

Volume

(km3)

1 0W��&LOLN 7011'00" 109012'00" 0.285 0.060 0.061 ������

2 Mt. Sangin 7011'12" 10901700" ����� 0.240 �����  5.882

� 0W��.HPEDQJ 70��
��� 109017'09" ����� 0.090 0.092 ������

4 Mt. Siremeng 70��
��� 109017'00" ����� 0.175 0.054  2.996

5 Mt. Silempel 7°11'S1" 10901644" ����� 0.055 0.069 ������

6 Mt. Sarangan 70��
��� 109017'00" 0.555 0.290 0.126  0.018

7 Mt. Asuringkuk 7012'00" 10901716" 0.625 0.260 �����  0.019

8 Mt. Kedunglesung 7012'16" 109016'16" 0.560 ����� 0.076 0.014

9 Mt. Kandanggotong 70��
��� 109016'52" ����� 0.040 0.027  1.680

10 Mt. Kondang 7012'46" 10901705" 0.615 0.140 0.106 0.014

11 0W��-DZDU 7012'46" 109016'46" 0.500 0.240 0.144 0.016

12 Mt. Sari 70��
��� 109016'19" 0.270 0.140 0.058  1.965

�� 0W��&OHNDWDNDQ 7012'46" 109°1S'44" 0.600 0.205 0.149 0.021

14 0W��:DQWL 7012'48" 1090��
��� ����� 0.185 0.127  6.171

15 Mt. Pejagan 70��
��� 109017'21" 0.275 0.100 0.055  1.596

16 Mt. Pisang 70��
��� 10901705" ����� 0.140 0.079  5.565

17 Mt. Lompong 70��
��� 109°17'16" 0.725 0.155 0.149 0.026

18 Mt. Kaliurip 7014'05" 109016'42" ����� 0.250 ����� 0.012

19 Mt. Tampingan 70��
��� 109016'14" 0.650 ����� ����� 0.026

20 0W��'LSDMD\D 70��
��� 109016'00" ����� 0.190 0.055 ������

21 Mt. Malang 70��
���� 1090����� ����� 0.170 0.096  5.600

22 Mt. Kaji 7014'07" 109016'00" 0.445 0.240 0.159  0.015

�� Mt. Antilang 7014'19" 109016'00" ����� 0.175 0.125  7.689

24 0W��7DPEHNRU 7014'25" 10901700" 0.425 0.210 0.091 ������

25 0W��6XPEXO 7014'49" 109017'05" ����� 0.165 0.105  5.589

26 Mt. Pring 70��
��� 1090����� 0.450 0.150 0.122 ������

27 0W��7HPEHODQJ 7014'46" 109016'19" 0.275 ����� 0.125 ������

28 Mt. Soso 70��
��� 10901610" ����� 0.160 0.144  8.626

29 Mt. Paingan 7014'28" 109015'09" 0 400 0.125 �����  7.910

�� Mt. Malang 7°15'S8" 109°1S'09" 0.475 0.225 ����� �����

�� 0W��5DQFDNHOH 7°12'S1" 109020'02" 0.490 0.160 ����� 0.012

�� Mt. Tepus 7012'28" 109019'19" ����� 0.075 0.082 ������

�� Mt. Malang 70��
��� 1090��
��� 0.425 0.110 0.118  7.440

�� 0W��5DPSDN 7°12'14" 109°19'S1" ����� 0.072 0.079  2.898

�� 0W��7HUEDQJ 7°10'44" 109018'42" 0.750 ����� 0.185 0.045

Total �����

7DEOH����7KH�'LPHQVLRQ�RI�0RXQW�6ODPHW�&LQGHU�&RQHV
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

IUDJPHQWV�DUH�¿QHU�DW�WKH�EDVH�DQG�JUDGH�XSZDUG�WR�

FRDUVHU�PDWHULDO�DW�WKH�WRS��JLYLQJ�ZD\�DJDLQ�WR�WKH�

¿QHU�PDWHULDO�RI�WKH�EDVH�RI�DQRWKHU�VXFK�OD\HU��7KLV�

LV�WKH�UHYHUVH�RI�ZKDW�PLJKW�UHVXOW�IURP�ZLQQRZLQJ�

RI� KHWHURJHQHRXV� SURGXFWV� RI� D� VLQJOH� H[SORVLRQ�

�:HQWZRUWK�DQG�0DF'RQDOG���������,W� LV�SRVVLEOH�

WKDW�WKH�PHFKDQLVP�RI�H[SORVLRQ�SURGXFH�PRUH�¿QHO\�

FRPPLQXWHG�IUDJPHQWV�DW�WKH�EHJLQQLQJ�RI�D�VSDVP�

WKDQ�WRZDUG�WKH�HQG��,W�ZDV�DOVR�VXJJHVWHG�WKDW�WKLV�

HIIHFW�PD\�GXH�WR�D�SURJUHVVLYH�DFFXPXODWLRQ�E\�UROO-

ing and sliding, on the premise that coarse material 

ZLOO�UROO�RQ�¿QHU��EXW�QRW�WKH�UHYHUVH�

In the cinder cones of Mount Slamet the acces-

VRU\�IUDJPHQWV�RI�S\UR[HQH�DQGHVLWH�DUH�RIWHQ�IRXQG��

WKDW�SUREDEO\�LQGLFDWH�WKDW� WKH�FLQGHU�FRQHV�RFFXU�

over the andesitic rock deposits. The rock fragments 

DUH�SUHVXPDEO\�FDUULHG�XS�DV�WKH�FLQGHU�FRQHV�ZHUH�

EXLOGLQJ�XS��,Q�RWKHU�FDVHV��URFN�IUDJPHQWV��VXFK�DV�

DOWHUHG�VDQGVWRQH�DQG�PXGVWRQH��ZHUH�IRXQG�PL[HG�

ZLWK�FLQGHUV�LQ�WKH�IDUWKHVW�FLQGHU�FRQHV�IURP�WKH�

YHQW��WKDW�ZHUH�EXLOW�XS�RYHU�WKH�7HUWLDU\�URFNV�

Shape of the Particles

Volcanic Bombs

9ROFDQLF�ERPEV�DUH�IUDJPHQWV�RI�ODYD�WKDW�ZHUH�

liquid or plastic at the time of ejection assuming 

characteristic forms as a result of forces acting 

GXULQJ�ÀLJKW� �:HQWZRUWK� DQG�0DF'RQDOG���������

7KHUH�LV�PXFK�YDULHWLHV�LQ�IRUP�RI�ERPEV�LQ�0RXQW�

Slamet cinder cones, consisting of fusiform (almond-

VKDSHG��� EUHDG� FUXVW� �DFFUHWLRQDU\��� DQG� EDOOLVWLF�

ERPEV��DQG�UDQJH�IURP�OHVV�WKDQ���FP�WR����FP�ORQJ��

6HWWOH��������GHVFULEHG�WKH�IXVLIRUP�ERPEV�ZKLFK�

DUH�W\SLFDOO\�GXH�WR�D�PRGL¿FDWLRQ�GXULQJ�ÀLJKW�RI�D�

EORE�RI�ODYD�GHWDFKHG�IURP�RWKHU�ODYD�DW�ERWK�HQGV��

6HWWOH�DOVR�GHVFULEHG�WKH�FKLHI�IDFWRUV�LQYROYHG�LQ�

VKDSLQJ� WKH� ERPE� DUH� WKH� VXUIDFH� WHQVLRQ��ZKLFK�

WHQGV�WR�SURGXFH�WKH�JORERVHO\�IRUP��DQG�WKH�ÀXLG�

GUDJ�RI�VXUURXQGLQJ�DLU�WKDW�WHQGV�WR�FDXVH�VNLQ�ÀRZ-

DJH� DQG�GHYHORSV� D� FRQWUDVW� EHWZHHQ� WKH� IRUZDUG�

DQG�IROORZLQJ�VLGHV��6HWWOH��������VWDWHG�WKDW�³WKH�

VSLUDO�PRWLRQ�FDXVHV� WKH�ERPE� WR�GHYHORS�HDUOLNH�

SURMHFWLRQV�RQ�WKH�HQGV�RI�LWV�D[LV�RI�URWDWLRQ´��7KH�

GRPLQDQW�HOHPHQWV�RI� VKDSH�DUH� WKH�FRQWLQXLW\�RI�

FRPSDUDEOH�FURVV�VHFWLRQ�IURP�HQG�WR�HQG�FDXVHG�E\�

SXOOLQJ��WKH�WKLFNHQLQJ�RI�WKH�PLGGOH�EURXJKW�DERXW�

E\�VXUIDFH�WHQVLRQ�ZKLOH�DORIW��DQG�WKH�VXUIDFH�GUDJ�

DQG�FRQWUDVW�EHWZHHQ�VWRVV�DQG�OHH�VLGHV�FDXVHG�E\�

DLU�UHVLVWDQFH�DQG�GUDJ�ZKLOH�KROGLQJ�D�QHDUO\�VWHDG\�

RULHQWDWLRQ�GXULQJ�WKH�ÀLJKW�

%UHDGFUXVW�ERPEV�WKDW�ZHUH�UDUHO\�IRXQG�LQ�WKH�

FLQGHU�FRQHV�VKRZHG�VKULQNDJH�FUDFNV�RQ�WKHLU�VNLQV��

DQG�JHQHUDOO\�ZHUH�IRXQG�LQ�WKH�FLQGHU�FRQHV�ZKLFK�

DUH�FORVH�WR�WKH�YHQW�RI�0RXQW�6ODPHW��7KH�ERPE�

LV�GDUN�JUH\�DQG�TXLWH�KHDY\��UDQJLQJ�IURP���FP�WR�

���FP�ZLWK�VSKHULFDO�VKDSHV��VKRZLQJ�FOHDUO\�SOD-

gioclase and olivine among microlite groundmass. 

+HLNHQ��������GLVWLQJXLVKHG�EUHDG�FUXVW�DQG�DFFUH-

WLRQDU\�ERPEV��$FFUHWLRQDU\�ERPEV�DUH�FRPPRQO\�

FUDFNHG�E\�D�QHWZRUN�RI�LUUHJXODU�IUDFWXUHV�ZKLFK�

XVXDOO\�SHQHWUDWH�WKH�ULQG��DQG�FKDUDFWHUL]HG�E\�DJ-

JORPHUDWHG� FRUHV� RI� GHQVHO\� SDFNHG� DQJXODU� ODYD�

IUDJPHQWV�ZKLFK�DUH�ERXQGHG�E\�D�VPDOO�DPRXQW�RI�

ODYD�PDWUL[��7KLV�ERPE�LV�DOVR�FDOOHG�URS\�ERPE�DV�D�

FKDUDFWHULVWLF�RI�6WURPEROLDQ�DQG�+DZDLLDQ�DFWLYLW\�

�:HQWZRUWK�DQG�0DF'RQDOG��������

%DOOLVWLF�ERPEV�IRXQG�LQ�0RXQW�6ODPHW�FLQGHU�

FRQHV� OLJKW� LQ�ZHLJKW�� GDUN� JUH\� RI� EDVDOW�ZLWK�

LULGHVFHQW� GDUN� EURZQ� VXUIDFH��7KH� ERPEV� KDYH�

ODUJH�YHVLFOHV��SDUWLFXODUO\�LQ�WKH�FRUH��DQG�VPDOOHU�

WRZDUG�WKH�HGJHV��7KH�ULQG�VKRZV�DQ�LUUHJXODU�VXU-

IDFH�FRQVLVWLQJ�RI�¿QH�YHVLFOHV��RU�EURNHQ�YHVLFOHV�

DQG�LV�TXDOLWDWLYHO\�URXJK��7KH�ODUJHVW�YHVLFOH�LV�RQ�

WKH�RUGHU�RI���FP�GHHS��PRUH�W\SLFDO�RQHV�DUH�������

mm deep

Lapilli and Ash

7ZR�W\SHV�RI�SDUWLFOH�VKDSHV�RI�ODSLOOL�DQG�DVK�

ZKLFK� DUH� UHFRJQL]HG� LQ� WKH�6ODPHW� FLQGHU� FRQHV�

FRQVLVW�RI�DFKQHOLWKV�DQG�EDVDOWLF�FODVWV��7KH�SDUWLFOHV�

DUH�YHU\�OLJKW�LQ�ZHLJKW�DQG�HDVLO\�EURNHQ��UDQJLQJ�

IURP�¿QH�JUDLQHG�DVK�WR�ODSLOOL��7KH�WHUP�DFKQHOLWK�

�IURP�WKH�*UHHN�DFKQH� �VSUD\��LV�DSSOLHG�E\�:DONHU�

�������WR�SDUWLFOHV�RI�DVK�RU�ODSLOOL�JUDGHV��XS�WR����

PP�LQ�GLDPHWHU��:DONHU�DOVR�PHQWLRQHG�WKLV�SDUWLFOH�

DV�SHQGDQW�OLNH��VSLQGOH�VKDSHG��¿ODPHQWRXV��KRRN�

OLNH�RU�EDQDQD�VKDSHG��:HQWZRUWK�DQG�0DF'RQDOG�

�������PHQWLRQHG�WKH�SDUWLFOHV�DV�3HOHH¶V�KDLU��7KH\�

RFFXU�IURP�WKH�KRW�XS�GUDIW�RI�DFWLYH�IRXQWDLQV�ZKLFK�

permits spinning of glass during the period of sev-

HUDO�VHFRQGV�FRUUHVSRQGLQJ�WR�WKH�WUDMHFWRU\�RI�WKH�

KLJKHU� IRXQWDLQV�� DQG� WKH�EUDQFKLQJ� DQG� FRPSOH[�

IRUPV�DUH�SUREDEO\�GXH�WR�FROOLVLRQ�DQG�DGKHUHQFH�

ZKLOH�VWLOO�SODVWLF�

3DUWLFOHV�DUH�JHQHUDOO\�RI�HTXDO�IRUP�DQG�KDYH�

IUDFWXUH�ERXQGHG�VXUIDFHV��:DONHU���������7KH�SDU-
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WLFOHV�DUH�IRXQG�LQ�YDULDEOH�JUDLQ�VL]HV�RI�MXYHQLOH�

EDVDOWLF�IUDJPHQWV��PL[HG�ZLWK�HVVHQWLDO�RU�DFFHVVRU\�

PDWHULDOV��7KH�YHVLFOHV�ZLWKLQ�LQGLYLGXDO�S\URFODVWV�

DUH�PRVWO\� GHIRUPHG� RYRLG�� DQG�PDQ\� DGMDFHQW�

YHVLFOHV�DUH�OLQNHG�WR�IRUP�D�SDUWO\�RSHQ�QHWZRUN��

0LQHUDOV�ZLWKLQ� WKH� S\URFODVWV� DUH� ROLYLQH� DQG�

SODJLRFODVH�SKHQRFU\VWV� DQG� VRPH�S\URFODVWV� DOVR�

FRQWDLQ�VPDOO�WDFK\OLWH�[HQROLWKV�ZLWKLQ�WKH�JODVV�

Grain Size Characteristics

7KH� FDXVHV� RI� YDULDWLRQ� LQ� JUDLQ� VL]H� SDUD�

PHWHUV�RI�DLUIDOO�GHSRVLWV�ZLWK�UHVSHFW�WR�GLVWDQFH�

IURP�WKHLU�VRXUFH�DUH�WKH�UHVXOW�RI�D�JUHDW�QXPEHU�

RI�YDULDEOHV��)LVKHU���������)LVKHU�GHWHUPLQHG�WKDW�

YDULDEOHV�VXFK�DV�YLVFRVLW\��JDV�FRQWHQW��DQG�H[SOR-

VLYLW\�UHVXOWHG�IURP�GLIIHUHQW�PDJPD�FRPSRVLWLRQV�

DQG�WKHVH�GHWHUPLQH�WKH�VL]H��VKDSH��DQG�GHQVLW\�RI�

IUDJPHQWV��DV�ZHOO�DV�WKHLU�DQJOH�DQG�KHLJKW�RI�HMHF-

WLRQ��([WHUQDO�YDULDEOHV�DFWLQJ�RQ�IUDJPHQWV�LQFOXGH�

DLU�GHQVLW\��SUHVVXUH��DQG�KXPLGLW\��DV�ZHOO�DV�WKH�

ZLQG�YHORFLW\��GLUHFWLRQ��DQG�WXUEXOHQFH��$V�VKRZQ�

E\�WKHVH�VWXGLHV��WKH�FLQGHU�FRQHV�DUH�IRUPHG�E\�D�

6WURPEROLDQ�DFWLYLW\�DQG�WKH�FRQH�EXLOGLQJ�SURFHVV�LV�

PDLQO\�RQH�RI�EDOOLVWLF�GHSRVLWLRQ�DQG�VOXPSLQJ��ZLWK�

VRPH�RI�WKH�¿QHU�JUDLQHG�WHSKUD�FDUULHG�DZD\�E\�WKH�

ZLQG��0F*HWFKLQ�et al., 1974). Studies of the scoria 

IDOOV�RQ�WKH�WZHOYH�RI�WKH�WKLUW\�¿YH�0RXQW�6ODPHW�

FLQGHU�FRQHV��LQGLFDWH�WKDW�WKH�S\URFODVWLF�GHSRVLWV�

FRQVLVW�RI�VFRULDFHRXV�EDVDOW��DV�D�SURGXFW�RI�EDVDOWLF�

HUXSWLRQV�FRPSULVLQJ� OD\HUV�RI� OLPLWHG�DUHD�H[WHQG�

around the cones.

:DONHU��������REVHUYHG�WKH�S\URFODVWLF�SURGXFWV�

RI�EDVDOWLF�HUXSWLRQV�RQ�ODQG�ZKLFK�DUH�FKDUDFWHULVHG�

E\�¿UH�IRXQWDLQLQJ�RU�D�VWURPEROLDQ�DFWLYLW\��7KHVH�

PRVW�FRPPRQO\�FRQVWLWXWH�FRQHV��RI�VFRULD��VSDWWHU�

or ash), and the scoria cones resulting from such 

DFWLYLW\� RFFXU� LQ� HQRUPRXV� QXPEHUV� RQ�PRGHUQ�

EDVDOWLF�YROFDQRHV��6HOI�et al.��������REVHUYHG�WKH�

FRQWLQXDWLRQ�RI�VWURPEROLDQ�W\SH�DFWLYLW\�RI�(OGIHOO��

+HLPDH\��GXULQJ�WKH�¿UVW�PRQWK�SURGXFHG�D�����P�

high scoria cone and deposited a thick mantle of airfall 

scoria over the northern half of the island.

7R�VWXG\�WKH�JUDLQ�VL]H�FKDUDFWHULVWLFV�RI�WKH�WZR�

GLIIHUHQW� W\SHV� RI� EDVDOWLF� S\URFODVWLFV� IURP� WKH�

cinder cones and Slamet airfalls, some fourteen 

VDPSOHV�KDYH�EHHQ�FROOHFWHG�IRU�PHFKDQLFDO�DQDO\VLV�

from several cones and Slamet airfall in the Mount 

6ODPHW� DUHD��7KH� VDPSOHV�ZHUH� VLHYHG� IROORZLQJ�

WKH�SURFHGXUH�RI�:DONHU�DQG�&URDVGDOH��������ZLWK�

a set of sieves chosen to have a half I�interval and 

covering the range �I� ����WR����������WR�������PP���

&XPXODWLYH�FXUYHV�KDYH�EHHQ�GUDZQ��)LJXUH������

IURP�ZKLFK�WKH�SDUDPHWHUV�0G�I (the median diam-

eter, equals to the I�YDOXH�DW�ZKLFK�WKH�FXPXODWLYH�

curve crosses the 50 % line) and GI (the deviation, 

HTXDOV�������������KDYH�EHHQ�GHULYHG�

The value of GI for each sample is plotted against 

Md I��)LJXUH�����VHSDUDWHO\�IRU�WKH�FLQGHU�FRQHV�DQG�

6ODPHW�DLUIDOOV��,W�FDQ�EH�VHHQ�WKDW�WKH�FLQGHUV�VFRULD�

FRPSRVLQJ�WKH�FLQGHU�FRQHV�DUH�RQ�WKH�ZKROH�FRDUVHU��

JUDLQHG��DQG�JHQHUDOO\� OHVV�SRRUO\� VRUWHG�� WKDQ� WKH�

6ODPHW�DLUIDOOV��7KH�UHVXOWV�RI�WZHOYH�FLQGHU�FRQH�

DQG�WZR�6ODPHW�DLUIDOO�VL]H�SDUDPHWHU�FDOFXODWLRQV�

DUH� SUHVHQWHG� LQ�7DEOH� ���7KH� WZR�6ODPHW� DLUIDOO�

VDPSOHV� DUH� VLJQL¿FDQWO\� GLIIHUHQW��7KH� \RXQJHU�

Slamet airfall (not plotted in the map) is coarser-

JUDLQHG�DQG�EHWWHU�VRUWHG�WKDQ�WKH�ROGHU�RQH��6ODPHW�

DLUIDOO�LQ�DFFRPSDQ\LQJ�JHRORJLF�PDS��

Inman (1952) concluded that material carried 

E\� DJHQWV� RI� WUDQVSRUWDWLRQ� DUH� URFNV�ZLWK�PHGLDQ�

GLDPHWHU�RI�EHWZHHQ�������PP�DQG������PP��ZLOO�EH�

EHVW�VRUWHG��,QPDQ�DOVR�FRQFOXGHG�WKDW�DV�WKH�PHGLDQ�

increases or decreases from these values, sorting 

EHFRPHV�VWHDGLO\�SRRUHU�IRU�ZDWHU�ODLG�VHGLPHQWV�DV�

ZHOO�DV� IRU�ZLQG�EORZQ�GHSRVLWV� VXFK�DV� ORHVV��)RU�

PRVW�VWURPEROLDQ�GHSRVLWV�QR�LQIRUPDWLRQ�LV�DYDLODEOH�

RQ�ZLQG�VSHHG��DOWKRXJK�WKH�GLVSHUVDO�DQG�JUDLQ�VL]H�

FKDUDFWHULVWLFV�RI�S\URFODVWLF�IDOO�GHSRVLWV�DUH�GHSHQ-

GHQW�RQ��IRU�H[DPSOH��ZLQG�VWUHQJWK�DQG�GLUHFWLRQ��

WKH� KHLJKW� RI� HUXSWLRQ� FROXPQ�� WKH� VW\OH�RI� DFWLY-

LW\��DQG� WKH�GHJUHH�RI� IUDJPHQWDWLRQ�RI� WKH�PDJPD�

(Self, 1974). Plots of median diameter (Md I) and 

VRUWLQJ� FRHI¿FLHQW� �GI�� �)LJXUH� ���� LOOXVWUDWH� WKDW�

FRDUVH�JUDLQHG�WHSKUD�IURP�WKH�FLQGHU�FRQHV�EHFRPHV�

PRUH�SRRUO\�VRUWHG�DV�JUDLQ�VL]H�LQFUHDVH��7KH�KLVWR-

JUDP�RI�DYHUDJH�ZHLJKW�SHUFHQW�IRU�DOO�FLQGHU�FRQH�

VDPSOHV�DJDLQVW�WKH�JUDLQ�VL]H�GLDPHWHU��I) (Figure 

��D�� VKRZV� D� QRUPDO� GLVWULEXWLRQ�� EXW�ZLWK� D�¿UH�

WDLO��,Q�FRPSDULVRQ�ZLWK�6ODPHW�DLUIDOO��)LJXUH���E���

WKH� FLQGHU� FRQHV� DUH� VLJQL¿FDQWO\�GLIIHUHQW��ZKLFK�

SUHVXPDEO\�LQGLFDWHV�WKH�GLIIHUHQFHV�RI�VRUWLQJ�DQG�

JUDLQ�VL]H��$QRWKHU�SRVVLELOLW\�LV�WKH�GLIIHUHQFHV�RI�

HUXSWLRQ�W\SHV��ZKHUH�WKH�FLQGHU�FRQHV�DUH�EXLOW�E\�

WKH�VWURPEROLDQ�DFWLYLW\��DQG�6ODPHW�DLUIDOO�DV�D�UHVXOW�

of the Plinian eruptions. Self (1974) considered that 

EUHDN�XS�RI� IUDJPHQWV� RQ� ODQGLQJ�RI� VFRULD� IDOOV��
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�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

)LJXUH�����5HODWLRQVKLS�EHWZHHQ�WKH�FLQGHU�FRQHV�DQG�6ODPHW�DLUIDOOV�

Figure 12. Md I�GI�SORW�XVHG�WR�VKRZ�WKH�¿HOGV�RI�S\URFODVWLF�DLUIDOO�DQG�ÀRZ�¿HOGV��DIWHU�:DONHU���������FRPSDUHG�WR�WKH�

mount airfalls (green square) and cinder cones (red dots).
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DQG�WKH�RULJLQDO�DLU�ERUQH�SRSXODWLRQ�LV�FRDUVHU�DQG�

SHUKDSV�EHWWHU�VRUWHG�WKDQ�WKDW�IRXQG�RQ�WKH�JURXQG��

,Q� DGGLWLRQ��:DONHU� ������� VWDWHG� WKDW� WKH�SOLQLDQ�

GHSRVLWV� DUH�JHQHUDOO\�ZHOO�VRUWHG�� FRDUVH�JUDLQHG�

QHDU�VRXUFH�DQG�WKH\�VKRZ�XQLIRUPO\�ZHOO�GHYHORSHG�

GRZQ�ZLQG�VRUWLQJ�

)LJXUH�����$�SORW�RI�0G�I against GI for the cinder cone and 

Slamet airfall deposits.

)LJXUH� ����7KH� DYHUDJH� JUDLQ� VL]H� GLVWULEXWLRQ� IRU� DOO� WKH�

FLQGHU�FRQHV��D���DQG�D�FRPSDULVRQ�RI�JUDLQ�VL]H�GLVWULEXWLRQ�

EHWZHHQ�WKH�FLQGHU�FRQHV�DQG�6ODPHW�DLUIDOOV��E��

Location Md I GI

Mt. Asuringkuk ����� 2.50

0W��'LSDMD\D -2.14 1.92

Mt. Tampingan ����� 1.02

Mt. Kaji ����� 1.78

Mt. Malang ����� 1.28

Mt. Tepus ����� 0.49

0W��5DQFDNHOH ����� 0.94

0W��6XPEXO -4.29 1.87

Mt. Sarangan -2.46 ����

0W��.FPEDQJ ����� 0.45

0W��7HUEDQJ -2.25 1.24

Slamet airfall -0.79 1.60

<RXQJHU�6ODPHW�DLUIDOO -2.76 0.96

7DEOH����7KH�*UDLQ�6L]H�3DUDPHWHU�RI�WKH�&LQGHU�&RQH�DQG�

Slamet Airfalls

a

b

DISCUSSIONS

The cinder cones on Mount Slamet have a spe-

FL¿F�GLVWULEXWLRQ� MXVW� DURXQG� WKH�HDVW�ÀDQN�RI� WKH�

volcano. Mount Slamet itself is a stratovolcano that 

has a stratigraphic record of repeated eruptions from 

RQH�FHQWHU��EXW�UHFHQWO\�WKH�FUDWHU�WHQGV�WR�EHFRPH�

VPDOOHU��DQG�PRYH�WRZDUGV�WKH�QRUWKZHVW��,Q�FRQ-

WUDVW��WKH�FLQGHU�FRQH�FUDWHUV�ZHUH�IRUPHG�LQ�HDFK�

FRQH��ZLWK�PRUH� WKDQ�RQH�FUDWHU� LQ�VHYHUDO�FLQGHU�

FRQHV��&RPSDULVRQ�RI�WKH�GHSRVLWV�RI�WZHOYH�FLQGHU�

FRQHV�VXJJHVWV�WKDW�WKHUH�LV�QR�VLJQL¿FDQW�GLIIHUHQFH�

among the cinder cone deposits, and all tephras 

ZHUH�HPSODFHG�LQ�D�GU\�FRQGLWLRQ��1R�HYLGHQFH�RI�

K\GUR�YROFDQLF�HUXSWLRQV�RFFXUV�LQ�WKH�FRQH�¿HOG��

7KH�GHSRVLWV�PDLQO\�FRQVLVW�RI�SRRUO\�EHGGHG�DQG�

SRRUO\�VRUWHG�YHVLFXODU�ODSLOOL�WR�ERPEV��7KH�SUHV-

HQFH�RI�KLJKO\�YHVLFXODU�WHSKUD�GRZQ�WR�D�IHZ�PLO-

OLPHWHUV�VXJJHVWV�WKDW�WKH�ODUJH�EXEEOHV�HQYLVDJHG�WR�

ULVH�DORQJVLGH�YHVLFXODWLQJ�S\URPDJPD��%ODFNEXUQ�

&LQGHU�FRQHV

Slamet airfall



73
7KH�&LQGHU�&RQHV�RI�0RXQW�6ODPHW��&HQWUDO�-DYD��,QGRQHVLD�

�,��6��6XWDZLGMDMD�DQG�5��6XNK\DU�

et al����������2Q�6WURPEROL��QRUPDO�GHJDVVLQJ�ZDV�

DFFRPSDQLHG�E\�µURDU�DQG�UXVK¶�VRXQGV�VLPLODU�WR�

WKRVH�DFFRPSDQ\LQJ�RXWOHW�RI�JDV�XQGHU�SUHVVXUH��

DQG�HDFK�VRXQG� LV� IROORZHG�E\�D�SXII�RI�JDV�DQG��

RFFDVLRQDOO\��HMHFWLRQ�RI�S\URFODVWV��7KLV�EHKDYLRU�LV�

LQWHUSUHWHG�DV�WKH�EXUVWLQJ�RI�VL]HDEOH�EXEEOHV�RQ�WKH�

ODYD�VXUIDFH��%ODFNEXUQ�et al., 1976), as has previ-

RXVO\�EHHQ�LQWHUSUHWHG�IRU�ODYD�ODNHV��0DF'RQDOG��

�������0DF'RQDOG�DOVR�GHVFULEHG�WKH�VWURPEROLDQ�

DFWLYLW\�DV�D�µZHDN�WR�YLROHQW�HMHFWLRQ�RI�SDUWO\�ÀXLG�

EOREV¶�DVVRFLDWHG�ZLWK�WKLFN�ODYD�ÀRZV�RI�EORFN�ODYD��

According to McGetchin et al. (1974) the clots of 

SDUWO\�ÀXLG�ODYD�DQG�DVK�DUH�SURGXFHG�ZKHQ�MHWV�RI�

PHOWLQJ�PDWHULDOV��DFFHOHUDWHG�E\�D�JDV�UHOHDVH��EUHDN�

XS�LQWR�FOXVWHUV�RI�S\URFODVWV�ZLWK�PHDQ�VL]H�UDQJ-

LQJ�IURP�����PP�WR����FP��%ODFNEXUQ�et al. (1976) 

SUHVHQWHG�HYLGHQFH�WKDW�ODUJH�EXUVWLQJ�JDV�EXEEOHV�

FDXVHG� WKH� H[SORVLYH� HUXSWLRQ� RI�PDJPD� FORWV� DW�

+HLPDH\��,FHODQG�DQG�6WURPEROL��,WDO\�

The tephra from the cinder cones are similar in 

most respects to that of active eruptions, that is a 

PRGHUDWHO\�WR�SRRUO\�VRUWHG�ODSLOOL�RU�DVK�VL]H�WHSKUD�

�7DEOH�����FRDUVH�JUDLQHG�DQG�KLJKO\�YHVLFXODU��7KH�

JURZWK�RI�WKH�FLQGHU�FRQHV�ZHUH�FRQWUROOHG�E\�WKH�

VL]H�DQG�VSDFLQJ�RI�FUXVWDO�IUDFWXUHV��7KH�FRQFHQWULF�

VSDFLQJ�IUDFWXUHV�RQ�WKH�HDVW�ÀDQN�RI�0RXQW�6ODPHW�

LV�SUREDEO\�UHVSRQVLEOH�IRU�WKH�FLQGHU�FRQH�FRQVWUXF-

WLRQ��EXW�WKH�REYLRXV�VWUXFWXUHV�ZKLFK�FRQWUROOHG�WKH�

HUXSWLYH�YHQWV�DUH�1:�WUHQGLQJ�VWULNH�VOLS�IDXOWV�WKDW�

FDQ�EH�REVHUYHG�IURP�HLWKHU�WRSRJUDSKLF�PDSV�DQG�

DHULDO�SKRWRJUDSKV�RU�¿HOG�REVHUYDWLRQV��0F*HWFKLQ�

et al���������VXJJHVWHG�WKDW�WKH�FLQGHU�FRQHV�JURZ�

WKURXJK�IRXU�GLVWLQFW�VWDJHV������VLPSOH�FRQH��ZLWK�

PDQWOH�EHGGLQJ�DQG�D�ORZ�URXQGHG�ULP������RQVHW�RI�

DQ�H[WHULRU�WDOXV�VORSH������GHVWUXFWLRQ�RI�WKH�RULJLQDO�

URXQGHG�ULP�E\�D�EDFNZDUG�PLJUDWLRQ�RI�WKH�WDOXV��

DQG�����RXWZDUG�JURZWK�RI�WKH�WDOXV�VORSH�EH\RQG�

WKH�EDOOLVWLF�OLPLW��7KH�YROFDQLF�DFWLYLW\�UHVSRQVLEOH�

IRU� WKH� FRQVWUXFWLRQ� RI� D� FLQGHU� FRQH�¿HOG�� FRP-

PRQO\��UHSUHVHQWV�WKH�PRVW�UHFHQW�SKDVH�RI�YROFDQLVP�

ZLWKLQ�D�SDUWLFXODU�UHJLRQ��ZKLOVW�WKH�GLVWULEXWLRQ�RI�

WKH�\RXQJHVW�FRQHV�ZLWKLQ�D�¿HOG�UHÀHFWV� WKH�FXU-

UHQW�FRQ¿JXUDWLRQ�RI�VXEVXUIDFH�FRQGXLWV�DQG�GLNHV�

connecting the regional surface to magma storage 

reservoirs at depth (Settle, 1979). The direction of 

WKHVH� FLQGHU� FRQH� DOLJQPHQWV� FRLQFLGLQJ�ZLWK� WKH�

relative motion vector of the Eurasian and Indian 

SODWHV�WKURXJK�WKH�-DYD�,VODQG��+DWKHUWRQ�DQG�'LFN-

LQVRQ��������LV�FRQVLVWHQW�ZLWK�WKH�LGHD�WKDW�WHFWRQLF�

stresses control the location of magmatic conduits 

(Nakamura, 1977).

0RUSKRPHWULF�DQDO\VLV�RI�LQGLYLGXDO�FRQH�¿HOG�

have resulted that variation in cinder cone shape can 

EH�FRUUHODWHG�ZLWK�WKH�OHQJWK�RI�WLPH�D�FRQH�KDV�EHHQ�

H[SRVHG�WR�D�SDUWLFXODU�VHW�RI�HURVLYH�SURFHVVHV��6FRWW�

DQG�7UDVN��������:RRG���������7KLV�VWXG\�KDV�VKRZQ�

the average ratio of cone height and cone diameter 

ZLWKLQ�D�FRQH�¿HOG��EXW�LW�LV�QRW�GLUHFWO\�FRUUHODWHG�

ZLWK�WKH�H[SRVXUH�DJH�RI�WKH�¿HOG��6HWWOH��������GH-

termined a reference line of cone height equals 0.2 

FRQH�EDVDO�GLDPHWHU�DV�D�FKDUDFWHULVWLF�RI�WKH�LQLWLDO�

shape of the cinder cone in Mauna Kea volcanic 

SURYLQFH�SULRU� WR�HURVLYH�GHJUDGDWLRQ��&RPSDULQJ�

WR�%ORRP¿HOG�et al�� �������� D�PHDQ� FRQH�KHLJKW�

EDVDO�GLDPHWHU�UDWLR�IRU�+RORFHQH�FRQHV�RI������DQG�

D�PHDQ�UDWLR�RI�FRQH�KHLJKW�EDVDO�GLDPHWHU�UDWLR�RI�

�����IRU�UHODWLYHO\�\RXQJ�µZHOO�IRUPHG¶�3OHLVWRFHQH�

FRQHV�KDYH�EHHQ�GHWHUPLQHG�

7KHUH�DUH�WZR�SRVVLELOLWLHV�RI�WKH�FXULRXV�GLPHQ-

sions of the cinder cones on Mount Slamet indicated 

E\�D�PHDQ� UDWLR�RI������� ���� WKH�FLQGHU�FRQHV�DUH�

UHODWLYHO\�\RXQJ��������0D���DQG�����WKH�FRQHV�ZHUH�

SUHVHUYHG�IURP�GHJUDGDWLRQ�E\�RYHUO\LQJ�\RXQJHU�

DLUIDOO�IURP�0RXQW�6ODPHW�DFWLYLW\��7KH�GLIIHUHQFHV�

LQ� FRQH� VKDSH�PD\� UHVXOW� IURP� WKH�PRUH� VHYHUH�

ZHDWKHULQJ�HQYLURQPHQW�DQG�KHDY\�UDLQIDOO�WKDW�WHQG�

WR�DFFHOHUDWH�WKH�GRZQ�VORSH�PRYHPHQW�RI�VXU¿FLDO�

material on the cinder cones.

CONCLUSIONS

0RVW�RI� WKH� WKLUW\�¿YH�FLQGHU�FRQHV�RI�0RXQW�

6ODPHW�OLH�DORQJ�WKH�QRUWKZHVW�WUHQGLQJ�IDXOW�V\VWHP��

DQG�DUH�DOVR�FRQWUROOHG�E\�UDGLDO�IUDFWXUHV�ZKLFK�PD\�

EH�UHODWHG�WR�WKH�UDGLDO�IDXOWV�MXVW�VXUURXQGLQJ�EH\RQG�

WKH�VWXG\�DUHD��7KH�FLQGHU�FRQHV�RFFXU�VLQJO\�RU�LQ�D�

VPDOO�JURXS�UDQJLQJ�IURP�PRXQGV�OHVV�WKDQ�����P�LQ�

EDVDO�GLDPHWHU�DQG�RQO\�VHYHUDO�PHWHUV�KLJK��WR�KLOOV�

DV�PXFK�DV�����P�DFURVV�WKH�EDVH�DQG�����P�KLJK��

DQG�WKH�SUHVHQFH�RI�PRVW�RI�WKH�FLQGHU�FRQHV�ZDV�GXH�

WR�WKH�VWURPEROLDQ�HUXSWLRQ��7KH\�JHQHUDOO\�OLH�RQ�

WKH�7HUWLDU\�VHGLPHQWV��DQG�DUH�EXULHG�E\�WKH�0RXQW�

6ODPHW� YROFDQLF� SURGXFWV�� SDUWLFXODUO\� ODYD�ÀRZV�

DQG�S\URFODVWLF�DLUIDOOV��7KH�PDMRULW\�RI�WKH�FLQGHU�

FRQHV�DUH�FRQFHQWUDWHG�ZLWKLQ�ODWLWXGHV�����¶��´���
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7°16’00” S, and longitudes 109°15’00” - 109°18’00” 

(��ZLWK�D�ORFDO�FRQH�GHQVLW\�RI�����FRQHV�NP2��ZLWK�

WRWDO�YROXPH�LV�������NP�.

0RUSKRPHWULF�DQDO\VHV�VKRZV�DOO�RI�WKH�FLQGHU�

FRQHV�KDYH�D�PHDQ�UDWLR�RI�FRQH�KHLJKW�EHLQJ������RI�

WKH�FRQH�EDVDO�ZLGWK��ZKLFK�LV�KLJKHU�WKDQ�WKH�+FR��

 ������:FR�UHIHUHQFH�OLQH��7KH�JUDLQ�VL]H�FKDUDFWHU-

istic of the cinder cone deposits compared to Slamet 

DLUIDOOV� JHQHUDOO\� LQGLFDWH� WKDW� WKH� SDUWLFOHV� DUH�

FRDUVHU�JUDLQHG�DQG�OHVV�SRRUO\�VRUWHG��7KH�FLQGHU�

FRQHV�DUH�UHODWLYHO\�\RXQJ�ZLWK�WKH�DJH�RI�DURXQG�

�������\HDUV�EDVHG�RQ�WKH�.�$U�DJH�GDWLQJ��RI�WKH�

VFRULDH�WDNHQ�IURP�0RXQW�'LSDMD\D�

Acknowledgments±7KH�DXWKRUV�DUH�JUHDWO\�LQGHEWHG�WR�WKH�

SUHYLRXV�+HDG� RI�&HQWHU� RI�9ROFDQRORJ\� DQG�*HRORJLFDO�

+D]DUG�0LWLJDWLRQ��'U��$�'��:LUDNXVXPDK�ZKR�KDV�JLYHQ�D�

FKDQFH�RI�WKH�LQYHVWLJDWLRQ��:H�DUH�JUDWHIXO�WR�3URIHVVRU�'U��

7HWVXR�.RED\DVKL�IRU�KLV�JXLGDQFH�LQ�WKH�¿HOG��DQG�3URIHVVRU�

'U��$GMDW�6XGUDGMDW�ZKR�JDYH�DXWKRUV�D�VXSSRUW�WR�SXEOLVK�WKH�

SDSHU��7KDQNV�WR�DOO�FROOHDJXHV�ZKR�KDYH�JLYHQ�WKH�DXWKRUV�

assistances and support.
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