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ABSTRACT

,Q�������SODFHU�JROG�ZDV�GLVFRYHUHG� LQ�/DQJNRZDOD� DUHD� �%RPEDQD�5HJHQF\���6RXWKHDVW�6XODZHVL��

Indonesia, and more than 60,000 traditional gold miners in the early 2009 have been operating by digging 

YHUWLFDO�SLWV�DQG�SDQQLQJ�DFWLYH�VWUHDP�VHGLPHQWV��7KH�JUDGH�RI�SODFHU�JROG�UDQJHV�IURP����WR�����J�W��/RFDO�

JHRORJLFDO�IUDPHZRUN�LQGLFDWHV�WKDW�WKH�SODFHU�JROG�LV�QRW�UHODWHG�WR�YROFDQLF�URFN�UHODWHG�K\GURWKHUPDO�JROG�

deposit, e.g. epithermal, skarn or porphyry. This paper describes a preliminary study on possible primary 

GHSRVLW�W\SH�DV�D�VRXUFH�RI�WKH�/DQJNRZDOD��%RPEDQD��VHFRQGDU\�SODFHU�JROG��$�¿HOG�VWXG\�LQGLFDWHV�WKDW�WKH�

/DQJNRZDOD��%RPEDQD��SODFHU�SDOHRSODFHU�JROG�LV�SRVVLEO\�UHODWHG�WR�JROG�EHDULQJ�TXDUW]�YHLQV�YHLQOHWV�KRVWHG�

E\�PHWDPRUSKLF�URFNV�SDUWLFXODUO\�PLFD�VFKLVW�DQG�PHWDVHGLPHQWV�LQ�WKH�DUHD��7KHVH�TXDUW]�YHLQV�YHLQOHWV�DUH�

FXUUHQWO\�UHFRJQL]HG�LQ�PHWDPRUSKLF�URFNV�DW�:XPEXEDQJND�0RXQWDLQV��D�QRUWKHUQ�ÀDQN�RI�5XPELD�0RXQ-

WDLQ�5DQJH��6KHDUHG��VHJPHQWHG�TXDUW]�YHLQV�YHLQOHWV�DUH�RI���FP�WR���P�LQ�ZLGWK�DQG�FRQWDLQ�JROG�LQ�D�JUDGH�

YDU\LQJ�EHWZHHQ���DQG����J�W��$W�OHDVW��WKHUH�DUH�WZR�JHQHUDWLRQV�RI�WKH�TXDUW]�YHLQV��7KH�¿UVW�JHQHUDWLRQ�RI�

TXDUW]�YHLQ�LV�SDUDOOHO�WR�IROLDWLRQ�RI�PLFD�VFKLVW�DQG�PHWDVHGLPHQWV�ZLWK�JHQHUDO�RULHQWDWLRQ�RI�1����o(���o; 

WKH�VHFRQG�TXDUW]�YHLQ�JHQHUDWLRQ�FURVVFXW�WKH�¿UVW�TXDUW]�YHLQ�DQG�WKH�IROLDWLRQ�RI�WKH�ZDOOURFN��7KH�¿UVW�

TXDUW]�YHLQV�DUH�PRVWO\�VKHDUHG�GHIRUPHG��EUHFFLDWHG��DQG�RFFDVLRQDOO\�VLJPRLGDO��ZKHUHDV�WKH�VHFRQG�TXDUW]�

YHLQV�DUH�UHODWLYHO\�PDVVLYH��7KH�VLPLODU�TXDUW]�YHLQV�YHLQOHWV�W\SHV�DUH�DOVR�SUREDEO\�SUHVHQW�LQ�0HQGRNH�

0RXQWDLQ�5DQJH��LQ�WKH�QRUWKHUQ�VLGH�RI�/DQJNRZDOD�DUHD��7KLV�SULPDU\�JROG�GHSRVLW�LV�FDOOHG�DV�µRURJHQLF�

gold type’. The orogenic gold depoVLW�FRXOG�EH�D�QHZ�WDUJHW�RI�JROG�H[SORUDWLRQ�LQ�,QGRQHVLD�LQ�WKH�IXWXUH�

Keywords:�SODFHU�JROG��RURJHQLF�JROG�GHSRVLW��/DQJNRZDOD��%RPEDQD��6RXWKHDVW�6XODZHVL

SARI

Pada tahun 2008 ditemukan emas letakan di daerah Langkowala (Bombana), Sulawesi Tenggara, 

Indonesia, dan lebih dari 60.000 penambang emas tradisional beroperasi pada awal tahun 2009 dengan 

menggali lubang vertikal dan mendulang di sungai-sungai. Kadar emas letakan berkisar antara 40 sam-

pai 140 g/t. Tataan geologi lokal menunjukkan bahwa endapan letakan tidak berasal dari endapan emas 

KLGURWHUPDO�\DQJ�EHUKXEXQJDQ�GHQJDQ�EDWXDQ�YXONDQLN�VHSHUWL�HSLWHUPDO��VNDUQ��GDQ�SRU¿UL��7XOLVDQ�LQL�

menjelaskan kemungkinan tipe endapan primer sebagai sumber emas letakan di Langkowala (Bombana). 

Data lapangan menunjukkan bahwa endapan emas letakan berhubungan dengan urat/uratan kuarsa dalam 

batuan metamorf, khususnya sekis mika dan metasedimen di daerah tersebut. Urat/uratan kuarsa sekarang 

ditemukan di Pegunungan Wumbubangka, pada sayap utara rangkaian Pegunungan Rumbia. Urat/uratan 

kuarsa yang tergerus dan tersegmentasi tersebut memiliki ketebalan dari 2 cm sampai 2 m dengan kadar 

emas antara 2 sampai 61 g/t. Paling tidak ada dua generasi urat, yaitu generasi pertama yang paralel fo-
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liasi dengan orientasi N 300oE/60º dan generasi kedua memotong urat/uratan generasi pertama dan foliasi 

batuan. Urat/uratan generasi pertama umumnya tergerus/terdeformasi, terbreksiasi, dan kadang-kadang 

sigmoidal, sedangkan urat/uratan generasi kedua relatif masif. Tipe urat/uratan yang sama kemungkinan 

juga hadir di Pegunungan Mendoke di sebelah utara daratan Langkowala. Endapan emas primer ini dikenal 

sebagai endapan orogenik. Endapan emas orogenik tampaknya dapat menjadi target baru dalam eksplorasi 

emas di Indonesia di masa mendatang.

Kata kunci: emas letakan, endapan emas orogenik, Langkowala, Bombana, Sulawesi Tenggara

INTRODUCTION

Currently, in Indonesia gold is mostly mined 

from volcanic-hosted hydrothermal deposit types 

including epithermal type, e.g.� 3RQJNRU� LQ�:HVW�

-DYD� �:DUPDGD�� �������*RVRZRQJ� LQ�+DOPDKHUD�

Island, skarn type e.g.�(UVWEHUJ��.XFLQJ�/LDU��'HHS�

2UH�=RQH��'2=��LQ�3DSXD��DQG�SRUSK\U\�W\SH�e.g. 

%DWX�+LMDX�LQ�6XPEDZD�,VODQG��,GUXV�et al., 2007; 

,PDL�	�2KQR��������DQG�*UDVEHUJ�LQ�3DSXD��,Q�6X-

ODZHVL�,VODQG��JROG�LV�DOVR�SUHGRPLQDQWO\�UHODWHG�WR�

YROFDQLF�URFNV��ZKLFK�DUH�H[WHQGHG�DORQJ�ZHVWHUQ�

and northern Neogene magmatic arcs of the island 

�,GUXV���������+RZHYHU��JROG�KDV�DOVR�EHHQ�IRXQG�

LQ�WKH�VRXWKHDVW�DUP�RI�6XODZHVL�,VODQG��SDUWLFXODUO\�

LQ�/DQJNRZDOD�DUHD��%RPEDQD�5HJHQF\��)LJXUHV���

DQG�����LQ�WKH�IRUP�RI�SODFHU�DQG�SDOHRSODFHU��*ROG�

JUDLQ�ZDV�¿UVWO\� GLVFRYHUHG� LQ� VWUHDP� VHGLPHQWV�

)LJXUH����*HRORJLFDO�VHWWLQJ�RI�6XODZHVL�,VODQG��PRGL¿HG�IURP�+DPLOWRQ��������DQG�ORFDWLRQ�RI�WKH�UHVHDUFKHG�DUHD�LQ�%RPEDQD�

5HJHQF\��6RXWKHDVW�6XODZHVL��

BANGGAI - SULA

Researched area
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%RPEDQD��6RXWKHDVW�6XODZHVL��$��,GUXV�et al��

RI�5LYHU�7DKL� ,WH� LQ� ������ DQG�PRUH� WKDQ��������

traditional gold miners have been operating in the 

DUHD��.RPSDV�'DLO\���������'XULQJ�-DQXDU\�������

WKH�QXPEHU�RI�WUDGLWLRQDO�JROG�PLQHUV�LQ�%RPEDQD�

5HJHQF\� LQFUHDVHV� VLJQL¿FDQWO\� DQG� UHDFKLQJ� WKH�

WRWDO�RI��������SHRSOH��6XURQR�	�7DQJ���������7KH�

secondary gold is not only found in present stream 

VHGLPHQWV��SODFHU���EXW�DOVR�IRXQG�ZLWKLQ�0LRFHQH�

VHGLPHQWV�RI�WKH�/DQJNRZDOD�)RUPDWLRQ��SDOHRSOD-

FHU���7KH�SULPDU\�VRXUFH�RI�%RPEDQD�SODFHU�SDOHR-

placer gold is in controversy and it is still opened 

for discussion. This paper describes a preliminary 

study on possible primary deposit type as a source 

RI� WKH�/DQJNRZDOD� �%RPEDQD�� VHFRQGDU\� SODFHU�

JROG��7KLV�VWXG\�LV�DQ�LPSRUWDQW�VWDJH�IRU�WKH�QH[W�

H[SORUDWLRQ�RI�JROG�LQ�WKH�DUHD�RU�RWKHU�DUHDV�WKDW�

have an identical setting of geology.

GEOLOGICAL SETTING

/DQJNRZDOD�DUHD�ZKHUH� WKH�SODFHU�JROG� IRXQG�

LV� FKDUDFWHUL]HG� E\� D�ZDY\�ÀDW�PRUSKRORJ\� DQG�

FURVVFXW�E\�VRPH�PDMRU�ULYHUV�LQFOXGLQJ�/DQJNRZDOD�

5LYHU��/DXVX�5LYHU��/HEX�5LYHU��DQG�3DPSHD�5LYHU��

7KH�/DQJNRZDOD�DUHD�LV�ORFDWHG�EHWZHHQ�0HQGRNH�

0RXQWDLQ� LQ� WKH� QRUWK� DQG�5XPELD�0RXQWDLQ� LQ�

the south. The area is occupied by Early Miocene 

/DQJNRZDOD�)RUPDWLRQ��7POV��FRQVLVWLQJ�RI�FRQJ�

ORPHUDWH�DQG�VDQGVWRQH��6LPDQGMXQWDN�et al.,��������

7KLV� IRUPDWLRQ� LV� D� SDUW� RI� 6XODZHVL�0RODVVHV��

ZKLFK�ZHUH�¿UVWO\�GHVFULEHG�E\�6DUDVLQ�	�6DUDVLQ�

(1901; in�6XURQR�	�7DQJ���������7KH�/DQJNRZDOD�

)RUPDWLRQ�LV�XQFRQIRUPDEO\�XQGHUODLQ�E\�3DOHR]RLF�

metasediments and metamorphic rocks (Pompangeo 

&RPSOH[��0WSP��DQG�FRQIRUPDEO\�RYHUODLQ�E\�WKH�

(HPRLNR�)RUPDWLRQ� �7PSH���ZKLFK� LV� FRPSRVHG�

of alternating limestone-marl-sandstone, and 

%RHSLQDQJ�)RUPDWLRQ� �7PSE��� FRPSULVLQJ� VDQG\�

FOD\VWRQH�� VDQG\�PDUO�� DQG� VDQGVWRQH�� 3DOHR]RLF�

PHWDPRUSKLF�URFNV�FRQVLVW�RI�PLFD�VFKLVW��TXDUW]LWH��

glaucophane schist, and chert. The metasediments 

and metamorphic rocks are of Permo-Carboniferous 

LQ�DJH�DQG�RFFXS\�WKH�0HQGRNH�DQG�5XPELD�0RXQ-

tains. Mica schist and metasediments particularly 

meta-sandstone and marble are commonly charac-

WHUL]HG�E\�WKH�SUHVHQFH�RI�TXDUW]�YHLQV�YHLQOHWV�ZLWK�

YDULRXV�ZLGWKV�XS�WR���P��7KH�TXDUW]�YHLQV�YHLQOHWV�

DUH� LQWHUSUHWHG� DV� D� VRXUFH� RI� SODFHU�SDOHRSODFHU�

JROG�LQ�WKH�/DQJNRZDOD�DUHD��7KH�JHRORJLFDO�PDS�

RI�%RPEDQD�DUHD�LV�VKRZQ�LQ�)LJXUH���

RESEARCH METHODS

$V�RXWOLQHG�EHIRUH��WKLV�LV�D�SUHOLPLQDU\�VWXG\��

ZKLFK�LV�LQLWLDWHG�E\�D�GHVN�VWXG\��¿HOGZRUN��DQG�

sampling. There are no previous studies in the area 

)LJXUH����*HRORJLFDO�PDS�RI�/DQJNRZDOD�DUHD�RFFXSLHG�E\�/DQJNRZDOD�)RUPDWLRQ��7PO��XQFRQIRUPDEO\�RYHUO\LQJ�3DOHR]RLF�

metaPRUSKLF�URFNV��3RPSDQJHR�&RPSOH[��0WSP��LQ�WKH�VRXWK��:XPEXEDQJND�DQG�5XPELD�PRXQWDLQ�UDQJH���0RGL¿HG�IURP�

6LPDQGMXQWDN�et al.,��������
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especially focusing on the primary gold mineral-

L]DWLRQ�DV�D�VRXUFH�RI� WKH�VHFRQGDU\�SODFHU�JROG��

+RZHYHU�� GXULQJ� WKH� GHVN� VWXG\� IHZ� OLWHUDWXUHV�

UHODWHG�WR�%RPEDQD�VHFRQGDU\�JROG�ZHUH�UHYLHZHG��

e.g.�0DNNDZDUX�	�.DPUXOODK��������DQG�6XURQR�

	�7DQJ���������7KH�LQLWLDO�¿HOGZRUN�ZDV�IRFXVHG�

on the reconnaissance of the studied area and 

VDPSOLQJ�� )HZ� VWUHDP� VHGLPHQW� DQG� TXDUW]� YHLQ�

VDPSOHV�ZHUH�WDNHQ�WR�EH�JHRFKHPLFDOO\�DQDO\]HG�

LQ� D� ODERUDWRU\��;�5D\� )OXRUHVFHQFH� �;5)�� KDV�

EHHQ�XVHG�IRU�WKH�ZKROH�URFN�JHRFKHPLFDO�DQDO\VLV�

IRU�WKH�VDPSOHV�WDNHQ�E\�0DNNDZDUX�	�.DPUXOODK�

��������$�VDPSOH�WDNHQ�E\�37��3DQFD�/RJDP�0DN-

PXU�ZDV�DQDO\]HG�E\�$$6��+RZHYHU�� WKLV�SDSHU�

LV�SUHGRPLQDQWO\�ZULWWHQ�RQ�WKH�EDVLV�RI�GDWD�DQG�

UHVXOWV�IURP�WKH�¿HOGZRUN�LQ�WKH�PLQLQJ�FRQFHVVLRQ�

DUHD�RI�37��3DQFD�/RJDP�0DNPXU�ORFDWHG�LQ�WKH�

QRUWKHUQ�ÀDQN�RI�:XPEXEDQJND�PRXQWDLQ�UDQJH�

�)LJXUH����

SECONDARY PLACER GOLD IN LANGKOWALA AREA

Gold grain is present both in stream sediments of 

the present-day active rivers and in the Tertiary sedi-

PHQWV�RI�/DQJNRZDOD�)RUPDWLRQ��$�KXJH�QXPEHU�

of traditional gold miners have been operating by 

making 3 - 6 m vertical pit to dig out the material of 

/DQJNRZDOD�)RUPDWLRQ�DQG�E\�SDQQLQJ�WKH�DFWLYH�

VHGLPHQWV�WR�UHFRYHU�JROG�JUDLQ��6RPH�PLQHUV�FRP-

ELQH�SDQQLQJ�ZLWK�VOXLFH�ER[�PHWKRG�IRU�UHFRYHULQJ�

more gold. Gold location plotting indicates that the 

placer gold is distributed not so far from the meta-

PRUSKLF�PRXQWDLQ�UDQJH��$�UHODWLYH�VKRUW�GLVWDQFH�RI�

JROG�WUDQVSRUWDWLRQ�LV�FRQVLVWHQW�ZLWK�VXEURXQGHG�

DQJXODU�IRUP�RI�JROG�JUDLQ�SDQQHG��0DNNDZDUX�	�

.DPUXOODK���������3UHOLPLQDU\�GDWD�DOVR�H[KLELW�WKDW�

the abundance of gold grain decreases as its distance 

from the metamorphic mountain range increases. 

Gold is also found in the colluvial materials along 

:XPEXEDQJND�PRXQWDLQ�VORSH�DQG�LVRODWHG�YDOOH\�

of the mountain range. Geochemical analysis us-

LQJ�;5)�FRQGXFWHG�E\�0DNNDZDUX�	�.DPUXOODK�

������� RI� VL[� VRLO� DQG� VWUHDP� VHGLPHQW� VDPSOHV�

WDNHQ� LQGLFDWHV� WKDW�JROG��$X��JUDGH�UDQJHV� IURP�

���J�W�WR�����J�W��7DEOH�����%DVH�PHWDOV�LQFOXGLQJ�

&X��=Q��3E��DQG�RWKHU�HOHPHQWV�VXFK�DV�$V��=U��6��

7L��9��.��DQG�&D�DUH�UHODWLYHO\�ORZ��ZLWK�H[FHSWLRQ�

RI� )H� JUDGLQJ� EHWZHHQ� ����� DQG� �����ZW����7KH�

ORZ�FRQWHQW�RI�EDVH�PHWDOV�DQG�6�LPSOLHV�D�ZHDN�

PLQHUDOL]DWLRQ�RI�EDVH�PHWDO�EHDULQJ�VXOSKLGHV�LQ�

the primary deposit. The abundance of gold grain 

GHFUHDVHV� DV� LWV� GLVWDQFH� IURP� VORSH�VSXUV� RI� WKH�

metamorphic mountain range increases. This may 

LPSO\� WKDW� JROG� JUDLQ�ZDV� QRW� VR� IDU� WUDQVSRUWHG�

from its primary source.

SOME KEY CHARACTERISTICS  

OF THE PRIMARY DEPOSIT

Quartz Vein Characteristics

)LHOG� LQYHVWLJDWLRQ� VKRZV� WKDW� JROG�EHDULQJ�

TXDUW]� YHLQV�YHLQOHWV� KDYH� EHHQ� GLVFRYHUHG� LQ�

DVVRFLDWLRQ�ZLWK� 3DOHR]RLF�PHWDPRUSKLF� URFNV�

SDUWLFXODUO\�PLFD�VFKLVW�DQG�PHWDVDQGVWRQH�LQ�:XP-

 No.  Elements
Samples Code

A.001 A.002 A. 003 B. 001 B. 002 C. 001 C. 002

1 Au 100 50 60 130 110 140 120 

2 Cu 70 ��� ��� 120 ��� 90 ���

3 $V ��� 20 ��� 220 60 ���� 140 

4 Zn 70 ��� ��� 120 120 200 100 

� Zr 70 40 70 110 100 40 70 

6 Pb 40 20 30 40 40 20 10 

7 6 10 20 107 20 10 170 30 

� )H 6.69 4.06 4.19 4.77 ����� ����� �����

Table 1. &KHPLFDO�'DWD��;5)��RI�*ROG�DQG�RWKHU�0HWDOV�LQ�6WUHDP�6HGLPHQWV�DW�/DQJNRZDOD�$UHD��%RPEDQD�5HJHQF\��*UDGH�

8QLW�RI�(OHPHQWV�LV�LQ�J�W��H[FHSW�)H�LQ�ZW�����6RXUFH��0DNNDZDUX�	�.DPUXOODK�������
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%RPEDQD��6RXWKHDVW�6XODZHVL��$��,GUXV�et al��

EXEDQJND�0RXQWDLQ��WKH�QRUWKHUQ�ÀDQN�RI�5XPELD�

0RXQWDLQ�5DQJH��4XDUW]�YHLQV�DUH�PRVWO\�VKHDUHG�

deformed, brecciated, and relatively parallel to the 

IROLDWLRQ�RI�WKH�PLFD�VFKLVW��)LJXUH��D��ZLWK�JHQHUDO�

RULHQWDWLRQ�RI�1������(��6RPH�TXDUW]�YHLQV�FURVVFXW�

WKH�IROLDWLRQ�RU�WKH�¿UVW�TXDUW]�YHLQ�DQG�UHODWLYHO\�

PDVVLYH�FRPSDUHG�WR�WKH�¿UVW�RQH��7KH�TXDUW]�YHLQV�

parallel to foliation are commonly 2 cm to 2 m in 

ZLGWK��ZKHUHDV�WKH�VHFRQG�SKDVH�TXDUW]�YHLQV�KDYH�

FRPPRQO\� OHVV� WKDQ� ��� FP� LQ�ZLGWK�� ,W� LV� VRPH-

WLPHV�REVHUYHG�WKDW�WKH�¿UVW�TXDUW]�YHLQ�LV�FURVVFXW�

E\�TXDUW]� YHLQOHW� VWRFNZRUN�VWULQJHUV��7KH�TXDUW]�

veins have been rarely sigmoidal segmented in the 

IRUP�RI�µERXGLQ�OLNH¶�SDUDOOHO�WR�WKH�IROLDWLRQ�RI�WKH�

PHWDPRUSKLF�URFNV��,Q�PHWDVHGLPHQWV��TXDUW]�YHLQV�

DUH�PRVWO\�SDUDOHO�µODPLQDWHG¶�FRYHULQJ�D�ZLGWK�RI�

XS�WR����P���)LJXUH��E��

Mineralization and Hydrothermal Alteration

$�PHJDVFRSLF� REVHUYDWLRQ� VKRZV� WKDW� TXDUW]�

YHLQV�YHLQOHWV� FRQWDLQ� YHU\� VPDOO� ILQH�JUDLQHG�

VXOSKLGH�PLQHUDOV������������3\ULWH��FKDOFRS\ULWH��

FLQQDEDU��+J6���VWLEQLWH��6E
2
6

3
���DQG�SRVVLEOH�VPDOO�

DPRXQW� RI� DUVHQRS\ULWH� �)H$V6
2
�� DUH� SUHVHQW� LQ�

WKH� TXDUW]� YHLQV� DQG� VLOLFL¿HG�ZDOOURFNV��&LQQD-

bar is typically pinkish red in colour and present 

abundantly both in the primary gold deposit and 

in secondary placer gold deposit. It seems that 

WKHUH�LV�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�SUHVHQFH�

of cinnabar and the content of gold in both gold 

deposit types in the studied area. Ore chemical 

DQDO\VLV� FRQGXFWHG� E\�0DNNZDUX�	�.DPUXOODK�

�������RI�WZR�VHOHFWHG�TXDUW]�YHLQ�VDPSOHV�IURP�

:XPEXEDQJND�0RXQWDLQ�ZLWK�WKUHH�WLPHV�UHSHWL-

tion of analysis displays a various grade of gold 

UDQJLQJ�EHWZHHQ���DQG�����J�W� �7DEOH�����&DOFX-

lated gold grade from processing plant indicates 

DYHUDJLQJ�$X� RI� ��� J�W��%DVH�PHWDOV� 3E� DQG�=Q�

JUDGHV� DUH� UHODWLYHO\� ORZ�� )H� JUDGH� LV� UHODWLYHO\�

KLJK�DYHUDJLQJ������ZW����7KLV�LV�FRQVLVWHQW�ZLWK�

WKH�FRQFHQWUDWLRQ�RI�EDVH�PHWDOV�LQ�WKH�VRLO�VWUHDP�

VHGLPHQWV��+LJK�)H�FRQFHQWUDWLRQ�LV�W\SLFDO�LQ�WKH�

PHWDPRUSKLF�ZDOOURFN�RI�TXDUW]�YHLQV�YHLQOHWV��FI��

Groves et al���������

7KH�ZDOOURFNV��PHWDPRUSKLF�URFNV��DUH�VWURQJO\�

ZHDWKHUHG��VR�LW�LV�YHU\�UDUH�WR�REVHUYH�D�JRRG�RXW-

FURS� LQ� WKH� DUHD��)RUWXQDWHO\�� WUHQFKLQJ� DORQJ� WKH�

spurs of metamorphic mountain range made by the 

company helps us to observe clearly the presence 

RI�TXDUW]�YHLQV�DQG�K\GURWKHUPDO�DOWHUHG�URFNV��,Q�

JHQHUDO��WKH�ZDOOURFNV�DUH�ZHDNO\�DOWHUHG��$�VWURQJ�

DOWHUDWLRQ� ]RQH� LV� RQO\� UHVWULFWHG� LQ� WKH� VXUURXQG-

LQJ�TXDUW]�YHLQ��OLNH�KDORV�VHOYDJH���+\GURWKHUPDO�

DOWHUDWLRQ� W\SHV� UHFRJQL]HG� LQ� WKH� ¿HOG� LQFOXGHV�

VLOLFL¿FDWLRQ��FOD\�VLOLFD��DUJLOOLF���FDUERQDWH�DOWHUD-

WLRQ�� DQG�SUREDEO\� FDUERQL]DWLRQ��6LOLFL¿FDWLRQ� LV�

UHSUHVHQWHG�E\�VLOLFL¿HG�PHWDVHGLPHQW��FOD\�VLOLFD�

�DUJLOOLF��LV�PRVWO\�SUHVHQW�LQ�WKH�VXUURXQGLQJ�TXDUW]�

YHLQ�RU�DORQJ�WKH�VWUXFWXUDO�]RQH��&DUERQDWH�DOWHUD-

WLRQ�LV�W\SL¿HG�E\�WKH�SUHVHQFH�RI�FDOFLWH�YHLQOHWV�

VWULQJHUV��&DUERQL]DWLRQ�LV�SUREDEO\�UHSUHVHQWHG�E\�

�UDUH�� WKH� RFFXUUHQFH�RI� JUDSKLWH�ZLWK� FRPPRQO\�

EODFN�LQ�FRORXU�LQ�WKH�TXDUW]�YHLQ�DQG�DOWHUHG�PLFD�

schist. 

)LJXUH�����D���%UHFFLDWHG�GHIRUPHG�TXDUW]�YHLQ��¿UVW�JHQHUDWLRQ��ZKLFK�LV�SDUDOHO�WR�WKH�IROLDWLRQ�RI�WKH�PLFD�VFKLVW��DQG��E���$�

FOXVWHU�RI�ODPLQDWHG�VKHDUHG�TXDUW]�YHLQV�KRVWHG�E\�PHWDVHGLPHQWV�

Quartz vein

 

a b
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DISCUSSION

2Q�WKH�EDVLV�RI�¿HOG�GDWD��LW�LV�LQWHUSUHWHG�WKDW�

VHFRQGDU\��SODFHU��JROG�LQ�%RPEDQD�LV�GHULYHG�IURP�

“orogenic gold”, a hydrothermal deposit type for 

GHVFULELQJ�VKHDUHG�JROG�EHDULQJ�TXDUW]�YHLQV��ZKLFK�

are hosted by metamorphic rocks particularly green 

schist (cf. Groves et al��� �������7KH� SUHVHQFH� RI�

cinnabar and stibnite genetically indicates that the 

orogenic gold deposit in the studied area is emplaced 

LQWR�D� WUDQVLWLRQ�EHWZHHQ�HSL]RQDO�DQG�PHVR]RQDO�

ZLWKLQ� WKH� FRQFHSWXDO�PRGHO� RI� DQ�RURJHQLF� JROG�

deposit (Groves et al����������������,W�LPSOLHV�WKDW�

WKH�GHSRVLW�PD\�IRUP�DW�D�GHSWK�RI�DSSUR[LPDWHO\�

��NP�EHORZ�D�SDOHR�VXUIDFH��,Q�DGGLWLRQ��REVHUYHG�

FKDUDFWHULVWLFV�RI�JROG�EHDULQJ�TXDUW]�YHLQV�YHLQOHWV�

meet the criteria of orogenic gold type i.e.�VKHDUHG�

deformed, segmented, brecciated, and occasionally 

VLJPRLGDO��ZKLFK�DUH�NH\�LQGLFDWLRQV�RI�EULWWOH�FRQ-

GLWLRQ�RI�WKH�HSL]RQDO�PHVR]RQDO�WUDQVLWLRQ��6RPH�

laboratory analyses, particularly fluid inclusion 

DQG�5DPDQ� VSHFWURPHWU\� RI� TXDUW]� YHLQV�YHLQOHWV�

DV�ZHOO� DV�PHWDPRSUSKLF� IDFLHV� VWXG\��DUH�FUXFLDO�

to be done for a better understanding of the deposit 

type. The presence of gold-bearing intrusion is not 

necessarily outcropped on the surface. Hydro-

WKHUPDO� ÀXLG�GHULYHG� LQWUXVLRQ� LQ�PDQ\� FDVHV� RI�

RURJHQLF�JROG�GHSRVLW�ZRUOGZLGH�LV�PRVWO\�EXULHG�

VXEVXUIDFH��6KHDU�]RQHV�H[WHQVLRQDO�VWUXFWXUHV�DUH�

LPSRUWDQW�JHRORJLFDO�FRPSRQHQWV�DV�FKDQQHOZD\V�

IRU�DVFHQGLQJ�RI�K\GURWKHUPDO�ÀXLGV�UHVSRQVLEOH�IRU�

the formation of the gold deposit. 

CONCLUSIONS

6RPH�SRLQWV�DUH�FRQFOXGHG� IURP� WKLV� VWXG\�DV�

IROORZV�

7KH�SULPDU\�VRXUFH�RI�VHFRQGDU\��SODFHU��JROG�LQ�

/DQJNRZDOD�DUHD�LV�DQ�RURJHQLF�JROG�GHSRVLW�W\SH�LQ�

WKH�IRUP�RI�VKHDUHG�GHIRUPHG�TXDUW]�YHLQV�YHLQOHWV�

hosted by metamorphic rocks, particularly mica schist 

and metasediments (member of Pompangeo Com-

SOH[��3WSP��RFFXS\LQJ�5XPELD�0RXQWDLQ�WKDW�LQFOXGH�

:XPEXEDQJND�0RXQWDLQ�LQ�WKH�VRXWK�DQG�SUREDEO\�

Mendoke metamorphic mountain range in the north.

$W�OHDVW�WZR�JHQHUDWLRQV�RI�JROG�EHDULQJ�TXDUW]�

YHLQV�DUH�UHFRJQL]HG�LQ�WKH�¿HOG��7KH�¿UVW�TXDUW]�YHLQ�

phase is parallel to the metamorphic rock foliation 

�1������(������ZKHUHDV�WKH�VHFRQG�TXDUW]�YHLQ�SKDVH�

FURVVFXWV�WKH�¿UVW�RQH�

High abundance of cinnabar and stibnite associ-

DWHG�ZLWK�ERWK�VHFRQGDU\�DQG�SULPDU\�JROG�GHSRVLWV�

suggests that the orogenic gold deposit formed at the 

VKDOORZ�OHYHO��a��NP�EHORZ�D�SDOHR�VXUIDFH��EHWZHHQ�

HSL]RQDO�DQG�PHVR]RQDO�WUDQVLWLRQ�RI�WKH�FRQWLQXXP�

model of the gold deposit type.

Gold grade in the primary orogenic deposit vari-

HV�DQG� UHDFKHV�XS� WR�����J�W�E\�$$6�� WKH� VLPSOH�

FDOFXODWHG�$X�JUDGH�IURP�SURFHVVLQJ�SODQW�LQGLFDWHV�

DYHUDJLQJ�$X� JUDGH� RI� DERXW� ��� J�W� �YHU\� KLJK���

+RZHYHU��LW�IDFHV�SUREOHP�LQ�PLQLQJ�PHWKRG�GXH�WR�

discontinuity, highly deformed and relatively small 

ZLGWK�RI�WKH�JROG�EHDULQJ�TXDUW]�YHLQ�

The discovery of orogenic gold deposit hosted 

E\�PHWDPRUSKLF�URFNV�LQ�:XPEXEDQJND�0RXQWDLQ�

Table 2. &KHPLFDO�'DWD��;5)��RI�VKHDUHG�*ROG�EHDULQJ�4XDUW]�9HLQV�KRVWHG�E\�0LFD�6FKLVW�LQ�:XPEXEDQJND�0RXQWDLQ�DW�

WKH�1RUWKHUQ�)ODQN�RI�5XPELD�0RXQWDLQ�5DQJH�LQ�WKH�VRXWK�RI�/DQJNRZDOD�3ODFHU�*ROG�/RFDWLRQ��6RXUFH��0DNNDZDUX�	�

.DPUXOODK���������ZLWK�H[FHSWLRQ�RI�VDPSOH�%9$/���IURP�37��3DQFD�/RJDP�0DNPXU�DQG�DQDO\VHG�E\�$$6

No.
Sample

Codes

Analysis

Repetition

Elements (in g/t, except Fe in wt.%)

Au Zn As Pb S Fe

1 6DPSOH���

�4XDUW]�YHLQ�LQ�:XPEXEDQJND�6FKLVW�

1 3 � 2 7 - 6.60

2 2 7 2 � - ����

3 2 7 2 7 - ����

2 6DPSOH���

�4XDUW]�YHLQ�LQ�:XPEXEDQJND�6FKLVW�

1 61 6 4 3 20 3.73

2 58 6 3 3 �� 3.76

3 60 � � 3 27 3.60

3 �%9$/�� 1 134 - - - - -
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%RPEDQD��6RXWKHDVW�6XODZHVL��$��,GUXV�et al��

UDQJH�DQG�LWV�YLFLQLW\�FRXOG�EH�D�QHZ�FKDOOHQJH�DQG�

WDUJHW�IRU�JROG�H[SORUDWLRQ�LQ�,QGRQHVLD�LQ�WKH�IXWXUH��
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