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ABSTRACT

9ROFDQLF�JDVHV��FROOHFWHG�IURP�*HQGRO�DQG�:RUR�VROIDWDUD�¿HOGV��WKH�VXPPLW�RI�0HUDSL�9ROFDQR�

GXULQJ������������VKRZ�DQ�LQFUHDVH�LQ�FKHPLFDO�FRPSRVLWLRQ�RI�+
2
, CO, CO

2
, SO

2
, and HCl prior to 

WKH�YROFDQLF�HYHQWV��RQ�WKH�FRQWUDU\�WR�WKH�GUDVWLF�GHFUHDVLQJ�ZDWHU�YDSRXU��7KH�carbon/sulfur ratio of 

WKH�YROFDQLF�JDVHV�OLHV�EHWZHHQ�����DQG�����ZKLFK�PHDQV�WKDW�WKH\�ZHUH�GHULYHG�IURP�WKH�IUHVK�PDJPD��

7KH�$SSDUHQW�(TXLOLEULXP�7HPSHUDWXUH��$(7��ZKLFK�LV�FDOFXODWHG�IURP�FKHPLFDO�FRPSRVLWLRQV�RI�

YROFDQLF�JDVHV�XVLQJ�UHDFWLRQ�RI�62
2
+3H

2
 = H

2
S+2H

2
2�VKRZHG�DQ�LQFUHDVLQJ�YDOXH�SULRU�WR�WKH�YROFDQLF�

HYHQWV��7KH�0HUDSL�DFWLYLWLHV� ODVWHG�GXULQJ�$XJXVW������ WR�1RYHPEHU������VKRZHG�D�VLJQL¿FDQW�

increase in ratio SO
2
/H

2
6�SULRU�WR�WKH�1RYHPEHU������S\URFODVWLF�ÀRZ�

7KH�LVRWRSLF�FRPSRVLWLRQ�RI�YROFDQLF�JDV�FRQGHQVDWHV�LQGLFDWHV�WKDW�ZDWHU�YDSRXU�LQ�*HQGRO�LV�

GLUHFWO\�GHULYHG�IURP�WKH�IUHVK�PDJPD��2Q�WKH�RWKHU�KDQG�� WKH�FRQWDPLQDWLRQ�DQG�FRROLQJ�E\�WKH�

VXEVXUIDFH�ZDWHU�RFFXUUHG�DURXQG�WKH�:RUR�¿HOG�DW�D�VKDOORZ�SDUW� 
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SARI

Gas vulkanik yang diambil dari lapangan solfatara Gendol dan Woro, puncak Gunung Merapi 

pada periode tahun 1990-1994, menunjukkan peningkatan komposisi H
2
, CO, CO

2
, SO

2
, dan HCI 

menjelang peningkatan aktivitas; sementara itu terjadi penurunan kadar uap air secara drastis. Rasio 

karbon/sulfur dalam gas vulkanik yang dianalisis dari Kawah Gendol dan Woro mempunyai nilai 1,5 

dan 5,7. Hal ini menandakan bahwa gas vulkanik dari puncak Gunung Merapi berasal dari magma 

dalam. Temperatur hasil perhitungan berdasarkan kesetimbangan reaksi kimia SO
2
+3H

2
 = H

2
S+2H

2
O 

menunjukkan peningkatan menjelang letusan. Dari beberapa peristiwa aktivitas Merapi yang terjadi 

antara Agustus 1990 hingga November 1994 diindikasikan adanya peningkatan nilai rasio SO
2
/H

2
S  

\DQJ�VLJQL¿NDQ�PHQMHODQJ�WHUMDGLQ\D�DOLUDQ�SLURNODVWLND�SDGD����1RYHPEHU��������

Hasil analisis isotop gas kondensat menunjukkan bahwa gas di kawah Gendol berasal langsung 

dari magma, sedangkan gas di kawah Woro telah mengalami kontaminasi dan pendinginan oleh air 

permukaan pada zona dangkal.

Kata Kunci: gas vulkanik, letusan, Gunung Merapi, 1990-1994
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INTRODUCTION

Background

+LVWRULFDOO\��D�YROFDQR�PRQLWRULQJ�ZDV�PDLQO\�

EDVHG�RQ�JHRSK\VLFDO�DQG�JHRORJLFDO�PHWKRGV��EXW�

LQ�WKH�UHFHQW�\HDUV�D�JURZLQJ�LQWHUHVW�KDV�EHHQ�SDLG�

WR�FKHPLFDO�VWXGLHV�DQG�PRQLWRULQJ�RI�JDV�H[KDOD-

WLRQ�IURP�YROFDQRHV��$�IDPRXV�ZRUG�IURP�RQH�RI�

WKH� -DSDQHVH� JHRFKHPLVWV��0DWVXR� ������� �������

³YROFDQLF�JDV�LV�D�WHOHJUDP�IURP�WKH�HDUWK¶V�LQWHULRU´�

ZLWK�DQDORJL]LQJ�WR�D�IDPRXV�-DSDQ�VD\LQJ�³6QRZ�

LV�D�OHWWHU�IURP�WKH�VN\´�E\�1DND\D�

9ROFDQLF�JDVHV�PD\�SURYLGH�PXFK�LQIRUPDWLRQ�

DERXW�WKH�VWDWH�DQG�DFWLYLW\�RI�D�YROFDQR�IURP�ZKLFK�

VRPH�LQYHVWLJDWRUV�KDYH�VWXGLHG�D�SRVVLEOH�UHODWLRQ-

VKLS�EHWZHHQ�D�YROFDQLF�DFWLYLW\�DQG�WKH�FKHPLFDO�
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FRPSRVLWLRQ� RI� YROFDQLF� JDVHV��0DWVXR� ��������

0L]XWDQL���������,ZDVDNL�et al����������������DQG�

.XVDNDEH��������UHSRUWHG�WKDW�+
2
S and CO

2
�ZHUH�

HQULFKHG�ZLWK�IXPDUROLF�JDVHV�DW� ORZ�WHPSHUDWXUH�

DQG�WKDW�62
2
 and H

2
�FRQWHQW�LQFUHDVHG�ZLWK�ULVLQJ�

WHPSHUDWXUH��&DVDGHYDOO� et al�� ������� IRXQG� WKDW�

CO
2
�GLVFKDUJH�UDWH�IURP�WKH�VXPPLW�RI�0RXQW�6W��

+HOHQV�GHFUHDVHG�EHIRUH�WKH�HUXSWLRQV�RQ�-XO\�DQG�

$XJXVW���������

6WRLEHU�DQG�5RVH��������VWDWHG�WKDW�&,-/SO
4

2- ratio 

LQ�YROFDQLF�JDV�FRQGHQVDWH�GHFUHDVHG�JUDGXDOO\������

\HDUV�EHIRUH�WKH�HUXSWLRQ�RI�WKH�6DQWLDJR�9ROFDQR��

%HVLGHV��0HQ\DLORY�et al.,��������UHSRUWHG�WKDW�WKH�

UDWLR�RI�6�&O�LQFUHDVHG�EHIRUH�WKH�HUXSWLRQ�RI�VHY-

HUDO�YROFDQRHV�LQ�.DPFKDWND��2VDND�et al���������

VXFFHVVIXOO\�SUHGLFWHG�WKH�HUXSWLRQ�RI�WKH�.XVDVWVX�

6KLUDQH�9ROFDQR�LQ������RQ�WKH�EDVLV�RI�JHRFKHPLFDO�

VWXGLHV�FRQGXFWHG�IRU�WZHQW\�\HDUV��7KH\�IRXQG�WKH�

increasing of SO
2
/H

2
S in fumarolic gases around 

WKH� VXPPLW�ZDV� LGHQWL¿HG� DERXW� RQH� \HDU� EHIRUH�

WKH������HUXSWLRQ�

+LUDED\DVKL�et al���������REVHUYHG�WKH�FKHPLFDO�

VWXG\�RI�YROFDQLF�JDVHV�DW�WKH�6DNXUDMLPD�9ROFDQR��

ZHUH� FRQQHFWHG�ZLWK� VLJQL¿FDQW� LQFUHDVLQJ� UDWLR�

of originated HCl/SO
2
����� WZR�PRQWKV�EHIRUH� WKH�

YROFDQR�UHVXPHG�LWV�H[SORVLYH�DFWLYLW\��DQG�+
2
 con-

FHQWUDWLRQ�LQ�JDV�IURP�KRW�VSULQJ�VWDUWHG�WR�LQFUHDVH�

DERXW� WZR�ZHHNV� EHIRUH� WKH� EHJLQQLQJ� RI� GUDVWLF�

LQFUHDVH� RI� H[SORVLYH� DFWLYLW\� LQ�PLG�'HFHPEHU�

������0RUHRYHU��+LUDED\DVKL� et al��� ������� DOVR�

UHSRUWHG� WKH� �+)�+&O���62
2
+H

2
6���&2

2
�&2��

WULJRQDO� GLDJUDP�RI�0RXQW�7RNDFKL��0L\DNHMLPD��

,]X�2VKLPD�ZLWK�WKH�UHVXOW�ZDV�WKDW�UHODWLYH�FRQWHQW�

of CO
2
�LQFUHDVHG�FRLQFLGHQWDOO\�ZLWK�WKH�GHFUHDVH�

RI�YROFDQLF�DFWLYLW\��DQG�VKRZHG�DQ�LQFUHDVH�HLWKHU�

+&O�RU��62
2
+H

2
6��DV�ZHOO�DV�WKH�YROFDQLF�DFWLYLW\��

CO
2 
EHFRPHV�WKH�PDMRU�FRPSRQHQW�RI�GU\�JDVHV�DW�

WKH�HQG�RI�WKH�DFWLYLW\�

7R�FRPSDUH�WKH�VWXG\�RI�YROFDQLF�JDV�IURP�VHY-

HUDO�YROFDQRHV�ZLWKLQ�,QGRQHVLD��0HUDSL�9ROFDQR�LV�

RQH�RI�WKH�PRVW�DFWLYH�YROFDQRHV�LQ�,QGRQHVLD�VLWX-

DWHG�LQ�&HQWUDO�-DYD��)LJXUH�����ZLWK�HOHYDWLRQ������

P�DERYH�VHD�OHYHO�ZKLFKLV�D�EDVDOWLF�DQGHVLWH�VWUDWR�

YROFDQR��'XULQJ��� \HDUV� ������������ WKHUH� DUH� ��

VLJQL¿FDQW�FULVLV�HYHQWV�LQ�0HUDSL�ZKLFK�FDQ�EH�XVHG�

WR�VWXG\�JDV�FKDUDFWHULVWLFV�RI�0HUDSL�YROFDQR��7KH�

HYHQWV�DUH�VHLVPLF�FULVLV�RQ�$XJXVW�������S\URFODVWLF�

ÀRZ�RQ�$XJXVW�������URFN�IDOO�RQ�0DUFK�������DQG�

S\URFODVWLF�ÀRZV�RQ�1RYHPEHU�������7KH�ELJJHVW�

HYHQW� LV� S\URFODVWLF� ÀRZ�RQ� ���1RYHPEHU� �����

ZKLFK�NLOOHG����SHRSOH�DQG�D�QXPEHU�RI�DQLPDOV��,W�

also damaged plantations.

7KH� DFWLYLW\� RI�0HUDSL� LV�PDUNHG� E\� WKH� IDVW�

JURZWK�RI�WKH�ODYD�GRPH��7KH�GRPH�H[WUXVLRQ�DF-

FRPSDQLHG�E\�LWV�SDUWLDO�JUDYLWDWLRQDO�FROODSVH��SUR-

GXFHG�EORFN��DVK��DQG�S\URFODVWLF�ÀRZV��7KH�HUXSWLRQ�

LV�ZHOO�NQRZQ�DV�³0HUDSL�7\SH´��)LJXUH�����$W�WKH�

VXPPLW��WKHUH�DUH�KLJK�WHPSHUDWXUHV�IXPDUROLF�DUHD�

QDPHG�*HQGRO�DQG�:RUR��7KH�&HQWUH�RI�9ROFDQRORJ\�

and Geological Hazard Mitigation uses Merapi Vol-

FDQR�DV�D�QDWXUDO�ODERUDWRU\�DQG�D�¿HOG�H[SHULPHQW�

IRU�PDQ\�YROFDQRORJLVWV��7R�GHYHORS�WKH�PHWKRGV�RI�

LQYHVWLJDWLRQ�RI�YROFDQR��VHYHUDO�FRRSHUDWLYH�VWXG\�

KDYH�EHHQ�FDUULHG�RXW�ZLWK�IRUHLJQ�FRXQWULHV�VXFK�

DV�,WDO\��-DSDQ��)UDQFH��1HZ�=HDODQG��1HWKHUODQGV��

and Germany, and so on.

7KH�PDLQ�SXUSRVH�RI�WKH�VWXG\�RQ�YROFDQLF�JDVHV�

LV� WR� VWXG\� DQ� HPSLULFDO� UHODWLRQVKLS� EHWZHHQ� WKH�

composition of fumarolic gases and temperature, and 

WR�VKRZ�WKDW�WKH�FKDQJHV�LQ�FRPSRVLWLRQ�RI�YROFDQLF�

JDVHV�FDQ�EH�LQGLFDWRUV�RI�YROFDQLF�DFWLYLW\�DQG�PD\�

SRVVLEO\�XVHIXO�WR�SUHGLFW�D�YROFDQLF�HUXSWLRQ�

METHODOLOGY

7R�PRQLWRU� WKH� DFWLYLW\� RI�0HUDSL�9ROFDQR��

WKH�&HQWUH�RI�9ROFDQRORJ\�DQG�*HRORJLFDO�+D]DUG�

0LWLJDWLRQ� ORFDWHG� WKH�9ROFDQRORJ\� DQG�7HFKQRO-

RJ\�'HYHORSPHQW�5HVHDUFK�&HQWUH�LQ�<RJ\DNDUWD��

DW�DERXW����NP�IURP�WKH�FHQWUH�RI�WKH�YROFDQR�DQG�

)LJXUH 1. Location map of Merapi Volcano.
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¿YH�REVHUYDWLRQ�SRVWV�DURXQG�WKH�YROFDQR��9DULRXV�

PHWKRGV�RI�PRQLWRULQJ�KDG�EHHQ�FDUULHG�RXW��VXFK�DV�

JDV�JHRFKHPLVWU\��VHLVPRPHWU\��JURXQG�GHIRUPDWLRQ��

PDJQHWLVP�� JUDYLW\��*OREDO�3RVLVLWLRQLQJ�6\VWHP��

DQG�YLVXDO�REVHUYDWLRQ��7KH�GDWD�IURP�WKH�¿HOG�DQG�

REVHUYDWLRQ�SRVW�ZHUH�WUDQVPLWWHG�WR�WKH�9ROFDQRORJ\�

DQG�7HFKQRORJ\�'HYHORSPHQW�5HVHDUFK�&HQWUH�LQ�

<RJ\DNDUWD�DQG�UHSRUWHG�WR�&HQWUH�RI�9ROFDQRORJ\�

and Geological Hazard Mitigation in Bandung.

9ROFDQRORJ\� DQG�7HFKQRORJ\�'HYHORSPHQW�

5HVHDUFK�&HQWUH�KDV�DOUHDG\�LQYHVWLJDWHG�WKH�YRO-

FDQLF�JDV�DW�WKH�VXPPLW�VLQFH�������7KH�VWXG\�ZDV�

FRQFHUQHG�ZLWK�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�YDULDWLRQ�

RI�FKHPLFDO�FRPSRVLWLRQ�LQ�WKH�YROFDQLF�JDV�DQG�LWV�

DFWLYLW\��*HRFKHPLVWU\�LV�DOVR�RQH�RI�WKH�LQWHUHVWLQJ�

VWXGLHV� RI�0HUDSL�9ROFDQR��7KH� DFWLYH� IXPDUROHV�

ZLWK�KLJK� WHPSHUDWXUH� �:RUR������&�DQG�*HQGRO�

�����&��ZHUH�WKH�PDLQ�WKH�VXLWDEOH�REMHFW�RI�REVHUYD-

WLRQ�IRU�PDQ\�JHRFKHPLVWV�WR�VWXG\�WKH�FKDUDFWHULVWLF�

RI�0HUDSL�JDV�LQ�UHODWLRQ�WR�LWV�DFWLYLW\��*HRFKHPLFDO�

REVHUYDWLRQ�DW�0HUDSL�9ROFDQR�FRQVLVWHG�RI�FKHPLFDO�

DQDO\VLV�RI�YROFDQLF�JDV��ODYD��FRQGHQVDWHG�ZDWHU��

measurement of fumarolic temperature, and SO
2
 gas 

HPLVVLRQ�UDWH�E\�&263(&�

Analytical Method 

$�URXQG�ERWWRPHG�ÀDVN�HTXLSSHG�ZLWK�D�VWRS-

FRFN�ZDV� XVHG� IRU� VDPSOLQJ� RI� IXPDUROLF� JDVHV��

containing 50 ml of NaOH as absorbing solution. 

$IWHU�HYDFXDWLQJ��WKH�ÀDVNV�DUH�ZHLJKHG��,Q�WKH�¿HOG��

WKH�WLWDQLXP�WXEHV�DQG�VLOLFD�SLSH�ZHUH�MRLQHG�LQ�D�

VXLWDEOH�ZD\�DQG�ZHUH�GHHSO\�LQVHUWHG�LQWR�IXPDUROLF�

YHQWV��$IWHU�ÀXVKLQJ�WKH�WXEHV�RU�WDNLQJ�D�VXI¿FLHQW�

WLPH�WR�UHPRYH�DLU�WKHQ�WKH�VDPSOH�ÀDVN�ZDV�FRQ-

QHFWHG��7KH� IXPDUROLF� JDV� LV� DGPLWWHG� E\� VORZO\�

RSHQLQJ� WKH� VWRSFRFN��7KH�ÀRZ� UDWH� WKHQ� VORZHG�

GRZQ�GXH�WR�ZDUPLQJ�XS�RI�WKH�ÀDVN�FRQWHQWV��%\�

VKDNLQJ� DQG� FRROLQJ� WKH�ÀDVN�PRUH� FRQVLGHUDEO\�

condensate can be collected at about 5 - 10 minutes. 

$V�HQWLUHO\� VDPSOLQJ�ZDV� FRPSOHWH� DOO� VWRSFRFNV�

ZHUH�VHFXUHO\�FORVH��

Volcanic Gas Condensates

7KH� IXPDUROLF�JDV�ZDV� FRROHG� LQ� D�JODVV� FRQ-

GHQVHU�� E\�ZDWHU� RU� VRPH� RUJDQLF� VROYHQW� �e.g., 

DFHWRQH�RU� DOFRKRO��� DQG�FROOHFWHG� LQ� D�ÀDVN��7KH�

FROOHFWHG�ZDWHU�FRQGHQVDWH�KDG�WR��EH�LQVHUWHG�LQWR�

SODVWLF�ERWWOH�DQG�FORVHG�WLJKWO\�IRU�VWRUDJH�

Meteoric Water

$�ERWWOH�ZDV� ULQVHG� DQG�¿OOHG�ZLWK� WKH�ZDWHU�

VDPSOH��LI�WKH�ZDWHU�SRRO�RU�VRXUFH�ZDV�GHHS��7KH�

ERWWOH�ZDV�LPPHUVHG�EHORZ�WKH�VXUIDFH�DQG�WKH�ERWWOH�

ZDV�FDSSHG�WLJKWO\�DV�VRRQ�DV�SRVVLEOH�

Chemical Composition of Volcanic Gases

$IWHU�¿QLVKLQJ�FROOHFWLQJ�JDV�VDPSOHV�LQ�WKH�¿HOG��

WKH�¿UVW� VWHS� LQ� DQDO\VLQJ� WKH� FKHPLFDO� FRPSRVL-

WLRQ�RI�YROFDQLF�JDVHV�ZDV� WR�ZHLJK� WKH�ÀDVNV� WR�

GHWHUPLQH�WKH�WRWDO�DPRXQW�RI�WKH�FRQGHQVDWH��7KH�

QRQDEVRUEHG�JDVHV�� VXFK� DV�+
2
, CO, O

2
�$U�ZHUH�

DQDO\]HG�E\�JDV�FKURPDWRJUDSK\�DIWHU�VHSDUDWLRQ�RQ�

D���P�ORQJ�PROHFXODU�VLHYH���$�DW�URRP�WHPSHUDWXUH�

ZLWK�+HOLXP�DV�FDUULHU�JDV�

$V� DQDO\VLV� RI� QRQDEVRUEHG� JDVHV�ZDV� FRP-

SOHWHG�� WKH� FRQGHQVDWHV� VROXWLRQ�ZDV� GUDZQ� IURP�

LQYHUWHG� VDPSOLQJ� IODVN� LQWR� D� SDUWO\� HYDFXDWHG�

DVSLUDWRU�ERWWOH��7KH�DONDOLQH�VDPSOHV�WRJHWKHU�ZLWK�

EODQNV�RI���1�1D2+�DEVRUEHQW�ZHUH�WKHQ�GLOXWHG�E\�

����PO�GLVWLOOHG�ZDWHU�DQG�DQDO\]HG�IRU�&2
2
, total 

sulfur, HCI, and H
2
S. 

Isotope Ratio of Volcanic Gas Condensate

7KH�'�+�DQDO\VLV�RI�YROFDQLF�JDV�FRQGHQVDWHV�

DQG�ZDWHU�VDPSOHV�XVHG�D�PHWKRG�RI�K\GURJHQ�IURP�

WKH�ZDWHU� E\� D� FRQYHQWLRQDO� ]LQF� UHGXFWLRQ� WHFK-

QLTXH��IROORZHG�E\�WKH�LVRWRSH�PDVV�VSHFWURPHWU\��

7KH���O/16O UDWLR�RI�YROFDQLF�FRQGHQVDWHV�DQG�ZDWHU�

VDPSOHV�ZHUH�GHWHUPLQHG�XVLQJ�WKH�DXWRPDWHG�&2
2
-

H
2
2�UDWLR�HTXLOLEUDWLRQ�WHFKQLTXHV��IROORZHG�E\�PDVV�

VSHFWURPHWULF�PHDVXUHPHQWV��7KH�DQDO\WLFDO�HUURU�RI�

)LJXUH����3KRWRJUDSK�RI�³0HUDSL�7\SH´�HUXSWLRQ�RI�0HUDSL�

Volcano.
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isotopic measurement is ± 1 and 0.1 o/
oo
�UHVSHFWLYHO\��

$QDO\VLV�UHVXOWV�IRU�DOO�K\GURJHQ�DQG�R[\JHQ�LVRWRSLF�

ratios D/H and ��0/160 are represented by a common G 

QRWDWLRQ��DQG�FDOOHG�SHU�PLO�GHYLDWLRQ�IURP�WKRVH�RI�

9LHQQD�6WDQGDUG�0HDQ�2FHDQ�:DWHU��9��602:��

 R sample

 G =   ������[��������o/
oo
��� ���

R standard  

DISCUSSIONS

Chemical Composition of Volcanic Gas

7KH�DQDO\WLFDO�UHVXOWV�RI�YROFDQLF�JDVHV�DW�*HQGRO�

DQG�:RUR�VROIDWDUD�¿HOGV�DUH�UHSUHVHQWHG�LQ�7DEOH���

DQG�7DEOH����7KHLU�JHQHUDO�IHDWXUH�FDQ�EH�VXPPD-

UL]HG�DV�IROORZ��*HQGRO�����:DWHU�9DSRXU�FRQWHQWV��

���WR�����PROH�����+\GURJHQ�FKORULGH��VXOIXU�GLR[-

LGH��K\GURJHQ�VXO¿GH��DQG�FDUERQ�GLR[LGH�FRQWHQWV��

�����WR�������PROH�������WR�������PROH�������WR�

������PROH�������WR�������PROH��:RUR�����ZDWHU�

9DSRXU�FRQWHQWV����WR���������+\GURJHQ�FKORULGH��

VXOIXU�GLR[LGH��K\GURJHQ�VXO¿GH��DQG�FDUERQ�GLR[LGH�

FRQWHQWV�������WR�������PROH������WR��������PROH��

����� WR� ������PROH�� ����� WR� ������PROH��5�JDV�

FRQWHQWV�ERWK�IRU�*HQGRO�DQG�:RUR�ZHUH�YHU\�VPDOO�

SURSRUWLRQ�ZKLFK�ZDV�FRPSRVHG�RI�QLWURJHQ��K\GUR-

JHQ��FDUERQ�PRQR[LGH��R[\JHQ��DQG�DUJRQ��2XW�OHW�

WHPSHUDWXUHV�DUH�DOPRVW�FRQVWDQW�DERXW�����WR�����

�&�DW�*HQGRO�DQG������&�WR������&�DW�:RUR�

)URP� WKH� FRPSRVLWLRQ� RI� +
2
2��&2

2
�&2��

�62
2
+H

2
6�� WULDQJOH� GLDJUDP� �$OODUG�� ������� WKH�

UDWLR�&�6� �����PHDQV�WKH�YROFDQLF�JDV�FDPH�IURP�

ODWHU�GHJDVVLQJ�PDJPD��ZKLOH�&�6� �����PHDQV�WKH�

YROFDQLF� JDV� FDPH� IURP�PDJPD��$OPRVW� DOO� GDWD�

IURP�*HQGRO�DQG�:RUR��7DEOH���DQG�7DEOH����DUH�

SORWWHG�EHWZHHQ�����DQG�����RI�&�6�UDWLR��,W�PHDQV�

WKH�0HUDSL�YROFDQLF�JDV��FDPH�IURP�WKH�IUHVK�PDJPD�

�)LJXUH����

Isotopic Composition

,VRWRSLF� UDWLR� RI� YROFDQLF� JDV� FRQGHQVDWH� FRO-

OHFWHG� IURP�*HQGRO� DQG�:RUR� VLQFH� �����ZHUH�

No Date T oC H
2
O HCl SO

2
H

2
S CO

2
H

2
0

2
+Ar N

2
CO

1 08-89 792 83.02 0.37 1.20 1.49 11.23 0.65 0.08 1.24 0.04

2 10-89 793 85.50 0.46 1.42 0.34 10.30 0.29 0.13 1.52 0.02

3 11-89 791 91.87 0.44 1.11 0.39 4.74 0.79 0.01 0.61 0.05

4 01-90 806 86.11 0.47 2.92 0.48 6.50 0.44 0.02 3.04 0.04

5 02-90 814 83.62 0.29 1.89 0.55 9.10 1.05 0.80 3.38 0.05

6 04-90 816 83.46 0.31 1.89 0.51 10.90 0.94 0.05 1.87 0.06

7 08-90 830 87.79 0.38 2.70 0.54 7.97 0.31 0.80 0.19 0.04

8 05-92 802 93.31 0.11 0.79 0.44 4.57 0.63 0.02 0.11 0.03

9 06-92 818 86.76 0.29 1.57 1.35 4.48 1.19 0.05 0.27 0.04

10 07-92 820 83.29 0.42 1.77 1.10 11.17 1.33 0.09 0.27 0.06

11 09-92 816 92.26 0.17 0.71 0.32 4.46 1.03 0.04 0.27 0.05

12 10-92 807 92.57 0.32 1.99 0.83 2.90 1.13 0.03 0.19 0.04

13 12-92 824 90.66 0.51 1.06 1.29 5.13 1.00 0.01 0.28 0.07

14 09-93 809 92.02 0.00 1.52 0.33 4.73 0.74 0.02 0.60 0.04

15 09-93 798 94.70 0.13 0.84 0.15 3.32 0.40 0.01 0.43 0.03

16 11-93 808 88.82 0.17 0.76 0.14 6.36 0.81 0.03 2.57 0.07

17 04-94 715 93.10 0.23 2.21 0.68 2.86 0.53 0.03 0.32 0.04

18 06-94 714 92.55 0.38 0.25 0.84 3.50 0.67 0.05 1.64 0.08

19 07-94 803 92.70 0.37 0.70 0.13 3.62 0.45 0.01 1.95 0.02

20 10-94 798 92.90 0.40 0.95 0.28 4.27 0.60 0.01 0.51 0.04

21 11-94 799 86.72 0.32 2.32 0.34 6.63 1.17 0.03 2.41 0.07

7DEOH����9ROFDQLF�*DVHV�&RPSRVLWLRQ�DW�*HQGRO�&UDWHU��0HUDSL�9ROFDQR
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No Date T oC H
2
O HCl SO

2
H

2
S CO

2
H

2
0

2
+Ar N

2
CO

1 04-90 530 86.81 0.17 1.13 0.53 6.66 0.75 0.44 3.49 0.02

2 06-90 537 93.73 0.02 0.16 0.13 1.28 0.12 0.01 0.54 0.01

3 11-90 555 86.76 0.36 2.12 0.32 6.84 0.25 0.01 3.33 0.01

4 04-91 536 83.61 3.51 2.05 0.32 6.12 0.17 0.01 4.20 0.01

5 06-91 535 83.72 1.46 1.05 0.31 6.56 0.17 0.09 6.62 0.01

6 09-91 558 88.37 0.51 3.42 0.91 4.60 0.03 0.03 2.23 0.01

7 05-92 550 95.22 0.09 0.36 0.29 3.53 0.21 0.01 0.10 0.01

8 09-92 561 94.04 0.26 0.95 0.20 4.00 0.32 0.03 0.19 0.01

9 10-92 559 96.32 0.22 0.53 0.31 2.33 0.19 0.01 0.10 0.01

10 12-92 535 95.02 0.27 0.45 1.05 2.97 0.15 0.01 0.08 0.01

11 05-93 551 95.52 0.19 0.40 0.25 3.08 0.17 0.01 0.39 0.01

12 08-93 449 93.29 0.04 0.66 0.31 4.07 0.13 0.03 1.44 0.20

13 11-93 547 90.02 0.08 0.68 0.12 6.02 0.26 0.02 2.76 0.04

14 05-94 471 94.71 0.05 1.15 0.19 3.24 0.22 0.01 0.42 0.02

15 06-94 438 91.42 2.35 0.51 0.33 4.69 0.22 0.02 0.43 0.01

16 07-94 575 93.13 0.17 1.25 0.25 4.90 0.10 0.01 0.20 0.01

17 09-94 577 87.49 4.27 1.00 0.30 4.25 0.19 0.01 0.48 0.01

18 10-94 580 93.33 0.62 0.71 0.56 4.41 0.19 0.01 0.16 0.01

7DEOH����9ROFDQLF�*DV�&RPSRVLWLRQ�DW�:RUR�&UDWHU��0HUDSL�9ROFDQR�

No Date H
2
O SO

2
H

2
S CO

2
CO SO

2 
+

 
H

2
S CO

2
 + CO

1 08-89 83.02 1.20 1.49 11.23 0.04 2.69 11.27

2 10-89 85.50 1.42 0.34 10.30 0.02 1.76 10.32

3 11-89 91.87 1.11 0.39 4.74 0.05 1.50 4.79

4 01-90 86.11 2.92 0.48 6.50 0.04 3.40 6.54

5 02-90 83.62 1.89 0.55 9.10 0.05 2.44 9.15

6 04-90 83.46 1.89 0.51 10.90 0.06 2.40 10.96

7 08-90 87.79 2.70 0.54 7.97 0.04 3.24 8.01

8 05-92 93.31 0.79 0.44 4.57 0.03 1.23 4.60

9 06-92 86.76 1.57 1.35 4.48 0.04 2.92 4.52

10 07-92 83.29 1.77 1.10 11.17 0.06 2.87 11.23

11 09-92 92.26 0.71 0.32 4.46 0.05 1.03 4.51

12 10-92 92.57 1.99 0.83 2.90 0.04 2.82 2.94

13 12-92 90.66 1.06 1.29 5.13 0.07 2.35 5.20

14 09-93 92.02 1.52 0.33 4.73 0.04 1.85 4.77

15 09-93 94.70 0.84 0.15 3.32 0.03 0.99 3.35

16 11-93 88.82 0.76 0.14 6.36 0.07 0.90 6.43

17 04-94 93.10 2.21 0.68 2.86 0.04 2.89 2.90

18 06-94 92.55 0.25 0.84 3.50 0.08 1.09 3.58

19 07-94 92.70 0.70 0.13 3.62 0.02 0.83 3.64

20 10-94 92.90 0.95 0.28 4.27 0.04 1.23 4.31

21 11-94 86.72 2.32 0.34 6.63 0.07 2.66 6.70

7DEOH����&DOFXODWLRQ�RI�7RWDO�:DWHU��&DUERQ��DQG�6XOIXU�DW�*HQGRO�&UDWHU��0HUDSL�
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No Date H
2
O SO

2
H

2
S CO

2
CO SO

2 
+

 
H

2
S CO

2
 + CO

1 04-90 86.81 1.13 0.53 6.66 0.02 1.66 6.68

2 06-90 93.73 0.16 0.13 1.28 0.01 0.29 1.29

3 11-90 86.76 2.12 0.32 6.84 0.01 2.44 6.85

4 04-91 83.61 2.05 0.32 6.12 0.01 2.37 6.13

5 06-91 83.72 1.05 0.31 6.56 0.01 1.36 6.57

6 09-91 88.37 3.42 0.91 4.60 0.01 4.33 4.61

7 05-92 95.22 0.36 0.29 3.53 0.01 0.65 3.54

8 09-92 94.04 0.95 0.20 4.00 0.01 1.15 4.01

9 10-92 96.32 0.53 0.31 2.33 0.01 0.84 2.34

10 12-92 95.02 0.45 1.05 2.97 0.01 1.50 2.98

11 05-93 95.52 0.40 0.25 3.08 0.01 0.65 3.09

12 08-93 93.29 0.66 0.31 4.07 0.20 0.97 4.27

13 11-93 90.02 0.68 0.12 6.02 0.04 0.80 6.06

14 05-94 94.71 1.15 0.19 3.24 0.02 1.34 3.26

15 06-94 91.42 0.51 0.33 4.69 0.01 0.84 4.70

16 07-94 93.13 1.25 0.25 4.90 0.01 1.50 4.91

17 09-94 87.49 1.00 0.30 4.25 0.01 1.30 4.26

18 10-94 93.33 0.71 0.56 4.41 0.01 1.27 4.42

7DEOH����&DOFXODWLRQ�RI�7RWDO�:DWHU��&DUERQ��DQG�6XOIXU�DW�:RUR�&UDWHU��0HUDSL

  )LJXUH����7KH�+
2
2�±��&2

2
���&2��±��62

2
 + H

2
6��7HUQDU\�'LDJUDP�RI�0HUDSL�9ROFDQR�
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DQDO\]HG�XVLQJ�PDVV�VSHFWURPHWHU��DQG�WKH�UHVXOWV�

DUH� VKRZQ� LQ�7DEOH� ���7KH� HTXDWLRQ� IRU�PHWHRULF�

ZDWHU� OLQH� VDPSOHG� IURP� -UDNDK� QRUWK� RI�0HUDSL�

9ROFDQR��6ODPHW�9ROFDQR��%DWXUDGHQ�ÀDQN�RI�6ODPHW�

9ROFDQR��DQG�/DPRQJDQ�9ROFDQR�ZHUH�GHWHUPLQHG�

JUDSKLFDOO\�

/'� ���/��2�������� ���

 

7KLV�HTXDWLRQ�ZDV�GHULYHG�GLIIHUHQWO\�IURP�HTXD-

WLRQ�IRU�PHWHRULF�ZDWHU�OLQH�E\�&UDLJ����������WKDW�LV�

ZHOO�NQRZQ�&UDLJ¶V�HTXDWLRQ�

/'� ���/��2������ ���

7KLV�IDPRXV�HTXDWLRQ�ZDV�GHULYHG�IURP�LVRWRSLF�

DQDO\VLV�RI� WKH�ZRUOGZLGH� IUHVK�ZDWHU� ULYHU�� ODNH��

UDLQ��DQG�VQRZ��FRYHULQJ�ZLGH�UDQJHV�IURP������WR�

������o/
oo
��IRU�/'�DQG�����WR�����IRU�/��2��FRYHULQJ�

����ZDWHU�VDPSOHV��

7KH�YROFDQLF�JDV�FRQGHQVDWHV�IURP�*HQGRO�DQG�

:RUR�ZHUH�SORWWHG�RQ�D�/'�YV��/��2�GLDJUDP��)LJXUH�

����9ROFDQLF�JDV�FRQGHQVDWHV�IURP�*HQGRO�SORWWHG�

FORVH�WR�YROFDQLF�ZDWHU�DUHD�ZLWK�QDUURZ�UDQJH�ERWK�

No Date Locality /18O /'

1 09-93 Gendol 6.7 -29

2 07-94 Gendol 7.2 -26

3 10-94 Gendol 6.7 -29

4 11-94 Gendol 6.8 -28

5 04-95 Gendol 6.8 -27

6 05-95 Gendol 6.9 -28

7 07-95 Gendol 6.4 -31

8 07-95 Gendol 6.6 -29

9 09-95 Gendol 6.8 -33

10 07-95 Woro 6.1 -26

11 04-95 Woro 5.3 -32

12 08-95 Woro 0.3 -36

13 09-95 Woro 3.8 -37

14 10-94 Lamongan -5.1 -30

15 10-94 Slamet -0.9 2

16 10-94 Baturaden -5.5 -30

17 11-94 Jrakah -8.4 -52

18 07-95 Guntur -8.2 -51

7DEOH� ��� ,VRWRSLF�'DWD� RI�9ROFDQLF�*DV�&RQGHQVDWH� DQG�

0HWHRULF�:DWHU�DW�0HUDSL�DQG�VRPH�$UHDV�LQ�-DYD

        )LJXUH����,VRWRSLF�FRPSRVLWLRQ�RI�YROFDQLF�JDV�FRQGHQVDWH�DW�0HUDSL�9ROFDQR�
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� � )LJXUH����+
2
O Content, Gendol Merapi Volcano.

IRU�/'�DQG�/��2��ZKLOH� YROFDQLF� JDV� FRQGHQVDWHV�

IURP�:RUR�SORWWHG�RQ�WKH�PL[LQJ�OLQH�RI�PDJPDWLF�

ZDWHU� DQG�PHWHRULF��7KH� LVRWRSLF� FRPSRVLWLRQ� RI�

ZDWHU�YDSRXU�FDQ�EH�DIIHFWHG�E\�VHYHUDO�SURFFHVV��

EHWZHHQ�PDJPDWLF�ZDWHU�DQG�PHWHRULF�ZDWHU��.X-

VDNDEH�DQG�0DWVXED\D�������DQG�DQ�RSHQ�V\VWHP�

GHJDVVLQJ�RI�PDJPD��7KH�VKLIW�LQ�/��O YDOXHV�RI�WKH�

ZDWHUV�ZDV�FDXVHG�E\�WKH�R[\JHQ�LVRWRSLF�H[FKDQJH�

ZLWK�WKH�KRW�ZDOO�URFN�

7KH�QDUURZ�UDQJH�RI�/��O from Gendol is indi-

FDWHG�WKDW�ZDWHU�9DSRXU�DW�*HQGRO�LV�DOPRVWO\�PDJ-

PDWLF�ZDWHU��ZKLFK�VWDEOH�HTXLOLEULXP�ZLWK�PDJPD�

RU�KLJK�WHPSHUDWXUH��2Q�WKH�RWKHU�KDQG��:RUR�JDV�

FRQGHQVDWHV�DUH�SORWWHG�RQ�WKH�PL[LQJ�OLQH�RI�PDJ-

PDWLF�ZDWHU�DQG�PHWHRULF�ZDWHU�ZKLFK�ZDV�FROOHFWHG�

DW�-UDNDK��7KLV�UHVXOW�DQG�RXWOHW�WHPSHUDWXUH�LQGLFDWH�

WKDW�FRQWDPLQDWLRQ�DQG�FRROLQJ�ZLWK�PHWHRULF�ZDWHU�

KDYH�RFFXUUHG�DURXQG�WKH�YHQW�RI�:RUR�JDV�DW�VKDO-

ORZ�SDUW��7KLV�GLIIHUHQW�VRXUFH�RI�PDJPD�ZLOO�OHDG�

XV� WR�PDLQO\�GLVFXVV�RQ� WKH�YDULDWLRQ�RI� YROFDQLF�

gas from Gendol.

Variation of Volcanic Gas Component

7KH�ZDWHU�YDSRXU�FRQWHQW�GHFUHDVHG�SULRU�WR�WKH�

LQFUHDVH�RI�DFWLYLW\��)LJXUH�����RQ�WKH�FRQWUDU\�WKH�

5�JDV�VXFK�DV�K\GURJHQ��FDUERQ�PRQR[LGH�LQFUHDVHG�

SULRU�WR�WKH�LQFUHDVH�RI�WKH�YROFDQLF�DFWLYLW\���)LJXUH�

����)LJXUH������7KHVH�YDULDWLRQV�DUH�H[SODLQHG�E\�WKH�

LQFUHDVH�RI�WKH�YROFDQLF�JDV�FRPSRQHQW�VXFK�DV�+&,��

SO
2
, CO

2
, CO, H

2
�IURP�IUHVK�PDJPD�LQ�DQ�DFWLYH�

GHFUHDVH�RI�ZDWHU�YDSRXU�LQ�IXPDUROLF�JDV�DIWHU�WKH�

����������HUXSWLRQ�RI�8VX�+RNNDLGR�ZKLFK�ZHUH�

FDXVHG�E\�WKH�GHFUHDVH�RI�FRQWDPLQDWLRQ�ZLWK�VXE-

VXUIDFH�ZDWHU��+LUDED\DVKL�et al���������.XVDNDEH�

et al����������$FFRUGLQJO\�� WKH�K\GURJHQ�KDV�EHHQ�

D�JHRFKHPLFDO�SDUDPHWHU� IRU�PRQLWRULQJ�YROFDQLF�

DFWLYLW\��e.g��+LUDED\DVKL�et al���������.D]DKD\D�et 

al���������

*HQHUDOO\��WKH�UDWLR�RI�62
2
/H

2
6�LQ�YROFDQLF�JDVHV�

LQFUHDVHG�SULRU�WR�WKH�YROFDQLF�DFWLYLW\��+LUDED\DVKL�

et al����������,Q�WKH�FDVH�RI�0HUDSL��VHYHUDO�HYHQWV�

ZHUH� QRWHG�� EXW� WKH�62
2
/H

2
6� VKRZHG� DQ� LQFUHDVH�

FOHDUO\�SULRU�WKH�ELJJHVW�HYHQW�RQ�1RYHPEHU������

�)LJXUH������7KH�LQFUHDVH�RI�62
2
/H

2
S ratio corres-

SRQGV�WR�WKH�LQFUHDVH�RI�ZKLFK�ZDV�FDOFXODWHG�XVLQJ�

SO
2 
+ 3H

2 
= H

2
S + 2H

2
2�UHDFWLRQ��ZKHUH�HTXLOLEULXP�

UHDFWLRQ�ZLOO�PRYH�WR�WKH�OHIW�DV�ZHOO�DV�WKH�LQFUHDVH�

WHPSHUDWXUH��,Q�DGGLWLRQ��WKH�+
2
/H

2
S ratios increased 

SULRU�WR�WKH�URFN�IDOO�RQ�0DUFK������DQG�S\URFODVWLF�

ÀRZ�RQ�1RYHPEHU�������)LJXUH������

7KH�$SSDUHQW�(TXLOLEULXP�7HPSHUDWXUH��$(7��

LV�FDOFXODWHG�IURP�FKHPLFDO�FRPSRVLWLRQ�RI�YROFD-

nic gases using reaction of SO
2
+3H

2
 = H

2
S+2H

2
O, 

DQG� VHYHUDO� G\QDPLF�GDWD� �7DEOH� ��� �2KED� et al., 

�������$OPRVW�DOO�$(7¶V�DUH�KLJKHU�WKDQ�WKH�RXWOHW�

WHPSHUDWXUH��)LJXUH������:H�QRWHG�WKDW�GXULQJ�WKH�

��ODVW�\HDUV�RI�0HUDSL�DFWLYLW\�D�VHLVPLF�FULVLV�ZDV�

SUHVHQW�RQ�$XJXVW�������S\URFODVWLF�ÀRZ�RQ�$XJXVW�

������URFN�IDOO�RQ�0DUFK�������DQG�S\URFODVWLF�ÀRZ�

RQ�1RYHPEHU�������7KH�PDLQ�DWWHQWLRQ�WR�WKH�ELJ-

JHVW�HYHQW�ZDV�S\URFODVWLF�ÀRZ�RQ�1RYHPEHU�������

:LWK�YDULDWLRQ�LQ�WLPH��$(7�LQFUHDVHG�SULRU�WR�WKHVH�
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� � )LJXUH����+
2
, Gendol Merapi Volcano.

� � )LJXUH����&2��*HQGRO�0HUDSL�9ROFDQR�

� � )LJXUH����+&O��*HQGRO�0HUDSL�9ROFDQR
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� ����������)LJXUH�����62
2
, Gendol Merapi Volcano.

� �����������)LJXUH��������&2
2
, Gendol Merapi Volcano.

� ����������)LJXUH�����62
2
/H

2
S, Gendol Merapi Volcano.
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� ���)LJXUH�����+
2
/H

2
S, Gendol Merapi Volcano.

No Date SO
2

H
2

H
2
S H

2
O T oC AET

1 08-89 1.20 0.65 1.49 83.02 792 773

2 10-89 1.42 0.29 0.34 85.50 793 740

3 11-89 1.11 0.79 0.39 91.87 791 843

4 01-90 2.02 0.44 0.48 86.11 806 805

5 02-90 1.89 1.05 0.55 83.62 814 903

6 04-90 1.89 0.94 0.51 83.46 816 890

7 08-90 2.70 0.31 0.54 87.79 830 752

8 05-92 0.79 0.63 0.44 93.31 802 792

9 06-92 1.57 1.19 1.35 86.76 818 864

10 07-92 1.77 1.33 1.10 83.29 820 901

11 09-92 0.71 1.03 0.32 92.26 816 869

12 10-92 1.99 1.13 0.83 92.57 807 886

13 12-92 1.06 1.00 1.29 90.66 824 821

14 09-93 1.52 0.74 0.33 92.02 809 857

15 09-93 0.84 0.40 0.15 94.70 798 782

16 11-93 0.76 0.81 0.14 88.82 808 881

17 04-94 2.21 0.53 0.68 93.10 715 795

18 06-94 0.25 0.67 0.84 92.55 714 733

19 07-94 0.70 0.45 0.13 92.70 803 796

20 10-94 0.95 0.60 0.28 92.90 798 813

21 11-94 2.32 1.17 0.34 86.72 799 952

7DEOH����$SSDUHQW�(TXLOLEULXP�7HPSHUDWXUH��$(7��*HQGRO�

Crater Merapi

DFWLYLWLHV��7KLV� IDFW� LQGLFDWHV� WKDW� WKH� WHPSHUDWXUH�

FKDQJHG�DW�GHJDVVLQJ�SURFHVV��7KH�LQFUHDVH�RI�$(7�

LQGLFDWHV� WKH� DVFHQG� RI�PDJPD� IURP� WKH� GHHSHU�

VRXUFH�WR�WKH�VKDOORZ�PDJPD�UHVHUYRLU��ZKHUH�GH-

gassing occurred.

6XSSRUWHG�E\�7KH�$SSDUHQW�(TXLOLEULXP�7HP-

SHUDWXUH� �$(7�� DQG� DQRWKHU� GDWXP� DV� GHVFULEHG�

DERYH��WKH�62
2
/H

2
6�UDWLR�FDQ�EH�D�NH\�SDUDPHWHU�WR�

H[SODLQ�WKH�S\URFODVWLF�ÀRZ�RQ�1RYHPEHU������LQ�

Merapi Volcano.

CONCLUSIONS

7KH� UHVXOWV�RI� WKH�FKHPLFDO� VWXG\�RQ�YROFDQLF�

JDVHV�DW�0HUDSL�9ROFDQR�LQ�WKH�SHULRGV�������������

DV�DSSHDU�WR�VKRZ�WKH�IROORZLQJ�IHDWXUHV��WKH�YRO-

FDQLF�JDVHV�DW�WKH�VXPPLW�RI�0HUDSL�ZHUH�GHULYHG�

IURP�WKH�PDJPD��7KH�FRQFHQWUDWLRQ�RI�+&O��62
2
, 

CO
2
, H

2
��DQG�&2�LQFUHDVHG�SULRU�WR�WKH�HYHQWV��MXVW�

WKH�RSSRVLWH�GHFUHDVH�RI�WKH�ZDWHU�YDSRXU�FRQWHQW��

)LJXUH� ����$(7� �62
2
 +3H

2
=H

2
S+2H

2
2��*HQGRO�0HUDSL�

Volcano.



246 Jurnal Geologi Indonesia, Vol. 2 No. 4 Desember 2007: 235-246

,VRWRSLF�FRPSRVLWLRQV�RI�YROFDQLF�JDV�FRQGHQVDWH�

IURP�*HQGRO� LPSO\� WKDW� WKH�ZDWHU�YDSRXU�ZDV�DO-

PRVW�VXSSOLHG�IURP�PDJPD��2Q�WKH�RWKHU�KDQG��WKH�

FRQWDPLQDWLRQ� DQG� FRROLQJ�ZLWK� VXEVXUIDFH�ZDWHU�

RFFXUUHG�DURXQG�WKH�YHQW�RI�:RUR�JDV��62
2
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2
S ratio 

RI�YROFDQLF�JDV�DW�*HQGRO�FDQ�EH�D�NH\�SDUDPHWHU�WR�

PRQLWRU�WKH�DFWLYLW\�RI�0HUDSL��7KLV�IDFW�VXSSRUWHG�

E\� WKH� FDOFXODWLRQ� RI�7KH�$SSDUHQW�(TXLOLEULXP�

7HPSHUDWXUH� �$(7�� LV�FDOFXODWHG�E\� WKH�FKHPLFDO�

FRPSRVLWLRQ� RI� YROFDQLF� JDVHV� XVLQJ� UHDFWLRQ� RI�

SO
2
+3H

2
 = H

2
S+2H

2
O. 

3HULRGLFDOO\��WKH�REVHUYDWLRQ�RI�YROFDQLF�JDVHV�DW�

*HQGRO�ZLOO�SURYLGH�XV�ZLWK�WKH�FKDUDFWHULVWLF�RI�WKH�

YROFDQLF�JDV�DQG�WKH�SUHFXUVRU\�DQRPDO\�RI�0HUDSL�

DFWLYLW\��7KH�GHYHORSPHQW�DQG�LQWURGXFLQJ�RI�QHZ�

WHFKQLTXHV� IRU� FRQWLQXRXV�PRQLWRULQJ�RI�YROFDQLF�

JDVHV�DUH�YHU\�LPSRUWDQW�IRU�JHRFKHPLFDO�VWXG\�DW�

0HUDSL�9ROFDQR��DQG�FRPSDULVRQ�ZLWK�JHRSK\VLFDO�

GDWD�ZLOO� EH� D� VXFFHVVIXO� FRQGLWLRQ� WR� SUHGLFW� WKH�

YROFDQLF�DFWLYLW\�
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