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Absract : The altered volcanic rocks, ranging from tuffaceous to andesitic rocks are widely

distributed around the “caldera” area in the southeastern part of Kyeongsang province. The

volcanic activity and tectonic movement are assumed to be followed by the hydrothermal

activities.in the area. From the mineral assemblage the type of alteration can be divided into

two types; propylitic and argillic.

The average concentration of gold in hydrothermally altered rocks is somewhat lower
(about 20 ppb) than that of fresh rocks (45-25 ppb), but for Ag, vice versa. During the
hydrothermal process, the concentration of the trace elements Ag, Hg, Co, As, Hf, Sc, Si, Al
increased, and that of Na, Rb, K, Au, Mg, Ca etc. decreased. The high anomalous contents of

silver for altered rocks range from 4-7 ppm and 1-3 ppm for relatively fresh rocks.
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Tablel . Gold, Silver content (by NAA)and mineral assemblage (by XRD) of representative

volcanic rocks from Yangsan area.
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Sample Au Ag Mineral Components
Rock Type
No. (ppb) (ppm) fd qz ch se ka am an mo py pyo
TR-1 10.9 5.3 [¢) e} * - adnesitic rock
TR-2 22.0 7.0 o - * - andesitic rock
TR-3 5.7 2.9 (e} * * rhyolitic rock
TR- 4 6.7 7.7 - (e} e} o - tuffaceous rock
TR-5 12.6 5.3 O (o] - *  rhyolitic rock
TR-6 13.1 5.9 - o) * O rhyolitic rock
TR-7 0.9 4.6 o - * * *  rhyolitic rock
TR- 8 9.8 6.3 o * * * O  rhyolitic rock
TR-9 6.0 5.0 o * * *  rhyolitic rock
YK-1 5.5 3.9 o * rhyolitic rock
YK-2 1.9 1.4 [¢] * rhyolitic rock
YK-3 10.0 1.9 @] %* rhyolitic rock
CH-1 4.2 4.9 o} - * - * rhyolitic rock
CH-2 5.0 5.9 o * * * rhyolitic rock
CH-3 1.7 3.5 e} - - rhyolitic rock
CH- 4 2.3 4.9 o * - * #*  rhyolitic rock
CB-1 6.6 3.5 * * e} rhyolitic rock
CB-2 6.6 1.8 e} * rhyolitic rock
CB-3 74 1.4 e} —  andesitic rock
CB-14 24.5 2.1 (o) * ~  andesite
M-1 24.9 1.2 o e} * andesite
M-2 31.9 2.8 o [e] * rhyolitic rock
M-3 3.3 1.9 * e} - - rhyolitic rock
M-4 12.2 1.6 * o - rhyolitic rock
S-1 7.9 3.3 o) - rhyolitic rock
S-2 2.9 0.4 e} * rhyolitic rock
S-3 1.6 0.6 o * andesite
B-1 35.7 1.8 e} * * andesite
B-2 4.0 2.5 @] * - andesite
B-3 9.6 1.0 * o * - tuffaceous rock
B-4 36.4 1.2 * e} - tuffaceous rock
B-5 21.0 2.4 * @) * - - tuffaceous rock
YS-1 41.5 1.9 e} [e] - tuffaceous rock
YS-2 20.2 0.9 (¢] o - tuffaceous rock
Y-1 10.2 1.4 * e} * - andesite
Y-2 26.3 1.6 (¢] * rhyolitic rock
Is-1 35.6 1.5 - e} - tuffaceous rock
IS—-2 29.4 0.9 * @) tuffaceous rock

fd : feldspar, qtz : quartz, ch: chlorite, se : sericite, ka ! kaolinite, am : amphibolite, an : andalusite, mo : montmorillonite,
py . pyrite, pyo . pyrophyllite, O : abundant, * : common, — : trace.
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Table2 . Summary of trace-element geochemistry for the sample studied by neutron activation

analysis method (ppm).

Au  *Ag As La Ce Yb Th Hf Cs Se Rb Ta Co Sb  *Hg U
TR-1 001 523 47.79 2071 %.11 3.42 2163 543 6.08 23.80 10217 o 2613 329 2.4 no
@.1) @7 (132 1.0 6.1 1.) 6.4 1.0 @81 6.0 @43 00 5 @.5 (1.5 0.0
TR-2 002 697 8.7 47.38 123.83 237 1576 4.48 18.3¢4 30.03 21242 o 9.25 140 321 no
18.) “7 @) 6.1 ®2 (e @7 @36 @04 61 18 00 wI B 18 00
TR-3 0.01 287 3.7 16.83 47.271 501 20.75 4.36 760 340 20359 094 279 0.8 158 no
3.8 4.8 (8.7 @5 05 (159 6.7 (45 (1.5 6.6 (1.1 6.9 15 @0 18 0.0
TR-4 0.01 767 3289 33.56 %06 3.77 2.7 1830 no 5.5 no no 207.97 12.05 343 5.33
244) @48 (.9 @5 (89 (164 68 67 00 61 00 00 19 (128 1.8 (8.5
TR-5 001 525 17.75 34.83 90208 238 1864 742 no 290 no no 11896 7.3 233 no
17.08) @5 6.8 (24 61 @7 65 (63 00 6.0 00 00 19 19 1Ly 0.0
TR- 6 001 588 44.07 20.52 10513 578 208 921 no 2763 no no 270 399 2.8 586
@5 @n 6.0 6.4 60 (164 68 61D 00 61 ©0 00 .2 88 18 645
TR-7 0.00 453 2844 32.16 8.34 098 1245 422 w1495 o o 1217 271 2288 m
.8 @0 6.2 8 6.1 (20 4 8D 00 6V 00 00 75 @5 1.6 (0.0
TR-8 001 625 4489 30.00 7269 4.17 1973 1,76 no 3963 rno no 3098 643 249 6.51
16.1) @8 G724 68 (158 @7 63 00 61 00 00 67 189 1.8 (2.6
TR-9 0.01 5.00 2541 301 828 336 1777 631 no 2332 no no 2785 435 2.05 2.06
@5 @48 6.1 2 65 142 66 64 00 61 00 00 68 @6 (1.8 (6.2
YK- 1 001 3.81 1097 3152 70.74 527 39.06 4.67 13.95 1037 219.82 no 2.84 558 2.04 6.8
(3.4 @48 (67 (.1 (6.8 (162 6.2 (154 89 ©6.2) (108 (0.0 (74 (83 (1.8 (2.7
Au  *Ag As La Ce Yb Th Hf Cs Sc Rb Ta Co Sb *Hg U
YK-2 0.00 136 11.67 19.11 37,72 137 10.53 4.83 11.67 2.74 204.30 no 338 6.3 231 no
G 48 (7.5 (4.0 (9.6 @2 (0.1 68 6.8 6.7 (0.4 00 42 18 @17 ©.0
YK-3 0.01 1.9 632 208 43.23 261 1335 505 17.10 242 217.65 1.62 112 7.67 107 no
@L0) @7 (9.6 (G2 6.1 068 6.5 .0 7.8 €5 6.0 @6 B0 031 Q0D 0.0
CH-1 0.00 4.83 4160 24.04 6480 225 7.56 563 363 1892 no 159 45.04 1056 2.19 -
G618 @7 67 (28 6.7 (166 6.5 (4.9 (288 6.1 (0.0 613 (3.1 (2.1 (1.6
CH-2 0.01 5.8 21.12 22.3¢ 55.67 436 2290 9.6 10.26 37.61 201.33 no 2701 7.30 2.43 -
(13.00 @7 65 6.1 85 (186 6.4 7.7 (128 6.1 (1.7 0.0 6.9 67 (1.6
CH-3 0.00 350 514 136 516 248 339 577 325 1017 4.13 no 208 3.8 160 -
61 @7 (9.5 (18.6) (29.3) (21.5) (125 (8.4) (22.4) (6.2) (30.5 (0.0 (9.5 (23.3) (1.7
CH-¢ 0.00 4.82 54.05 i7.67 4256 1.48 1164 639 3.08 2.13 7204 no 3587 548 189 -
(81.6) (4.5 (.4 (2.5 8.8 3.0 ((7.9) (8.4 (32.00 (6.0 (25.2) (0.0) (3.6 (18.6) (1.9
CB-1 0.01 349 331 34.41 60.57 4.60 50.80 5.12 2018 6.8 13830 1.75 no *1.04 176 -
(B1.00 .7 (65.1) (6.) (8.3 (4.0 (5.9) (10.7 (9.5 (6.3 (12.5 (34.8) 0.0 (3.9 (1.7
CB-2 001 173 229 491 634 143 1069 2.8 65 126 63.67 1.5 2.78 *0.78 1.00 -
(BL.O 4.7 (28.4 (103 (19.7) 4.7 (6.9 (13.2) (10.8 (7.3 (17.7) (29.3) (4.5 (3.9 (1.7
CB-3 001 136 1004 33.06 6190 553 3036 4.8 581 129 258 123 o 2.79 0.9 -
(5.) @7 (10.3) (2.8 .1) (11.6) .00 (6.5 9.3) (6.8 (26.9 (29.1) (0.0 (18.6) (1.7
CB- ¢ 0.02 204 7.05 961 1451 177 21,4 689 1381 339 6784 no 1.95 128 1.12 -
(13.00 (4.7) (14.6) (6.2) (13.7) (19.6) 6.1) (5.7 (8.6) (6.4 (17.9) (0.0) (16.1) (21.4) (1.7)
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Au  ®Ag  As Ce Yo Th Hf Cs Sc Rb Co Sb *Hg Lu Cr Ba Nd
Y-1 001 140 2.2 46.95 3.70 1041 3.60 31.00 1761 217.22 1561 148 4.05 0.3 2931 1o no
@1 (69 (L3 0.1 (4.1 6.1 (123 @.0) 6.1 0.3 @ (33.9) (1.0) (0.3 (13.1) 0.0 (0.0
Y-2 0.03 15 020 6653 13.86 30.13 828 198 331 1545 022 no 034 169 no 416.67 7.95
152 @7 @9 (8 .1 69 6.2 (188 6.2 (7.6 (4.4 0.0 @19 (5.8 (0.0 (36.4) 8.9
M-1 002 116 287 6761 576 973 546 no 1564 62.85 852 no 0.3 0.72 no no no
M) (7.7 (1049 6.0 (109 (7.6) (0.0 0.0 6.0 (5.0 6.3 (0.0 219 @0 0.0 00 0.0
M-2 003 273 650 189.01 1.17 8.13 506 3.49 21.14 56.39 1377 no 102 076 no no no
(4.9 (12.9) (45.7) 6.7) (9.5 6.1) (9.8 (3.7 6.1) (2.5 (4.5 0.0 (13.2 @5 00 0.0 0.0
M-3 000 18 672 210 3.99 2150 4.11 6.69 391 2743 066 097 2.69 04 no 24710 1o
B.) @7 62 (136 (132 6.0 6.9 0.1 62 6.6 (2.8) (347 8.3 @3 0.0 .9 (0.0
M-4 0.01 158 3.82 48.10 5.28 27.73 451 2,65 345 153.08 122 no 087 0.54 1.43 38.74 33.9%
(15.) 4.7 (8.4 10.) (1220 6.1) (7.6) (156) (6.2 (.4 (153 0.0 (1.7 (6.5 (4.2 (1.2 (41.6)
S-1 001 329 3652 43.16 3.00 2131 3.99 446 5.4 10732 194 131 0.80 05 626 no no
9.5 (11.7) (.5 (6.4) (185 (6.0 (7.5 (11.3) 6.2 (10.8) (127) 1.4 (48 @D (5.1 0.0 0.0
S-2 000 032 5748 0.8 3.13 1931 4.26 221 2.9 17452 o 3.18 073 04 o 16735 no
(13.00 @7 (.2 0.8 (154 6.0 (7.3 (63 62 6.4 ©.0) (16.5 (4.8 @6.7 .00 4.4 (0.0)
S-3 0.00 057 12325 8.48 4.24 18.76 4.03 3.94 5.12 165.11 073 13.12 079 048 245 o no
193} @.) (4 0.5 (4.4 6.7 @5 (25 62 (1.7 (L6 8.2 (150 7.3 (1.2 0.0 (0.0
YS-1 0.04 189 362 24.20 6.11 1338 7.28 509 4.5 1794 o 248 032 074 5.7 588.35 12.48
(2.9 4.8 (651.3) (10.00 (12.) 6.5 (.2 (16.4) 6.2 (13.0) ©0.00 20.1 (.00 (6.4 (1.8 (31.8) (35.4)
YS-2 0.02 08 229 1938 4.9 155 8.04 3.80 481 17.15 053 1.9 0.13 065 no 53.02 no
(8.4 (21.8) (77.8) (10.4) (13.00 (6.4) (7.3 (13.2) 6.2) (10.8) (32.0) (27.2) (36.5 (26.6) (0.0) (36.0) (0.0)
Au  *Ag  As Ce Yo Th Hf Cs Sc Rb Co Sb *Hg Lu Cr Ba Nd
IS-1 004 148 164 14429 622 1655 513 197 3.5 167.20 087 no *0.87 067 no 480.72 1520
(126) 4.5 (155 6.1 (1.5 (6.0 (6.6 (9.8 (6.2 6.8 7.8 0.0 15 1.5 0.0 3.9 3.0
[S-2 0.3 0.% 1.87 5147 504 1717 6.55 266 4.29 11660 1.16 no 0.16 0.62 o 450.71 9.3
(144 @.4) (5. 6.1 (12.0) 6.2 (6.4 (6.8 (6.2 9.8) (15.1) (.00 (31.6) (6.5 (0.0) (38.3 (37.0)
B-1 0.03 18 821 75.05 179 12.11 621 no 1767 no 8.9 437 233 08 o o 50.94
(13.6) (15.4) (26.00 (7.8) (26.) 6.9 (7.5 (0.0) 6.1) (0 0 63 2.9 6.3 267 (0.0 (0.0 (6.4
B2 004 251 500 46.90 3.74 7.08 3.89 2.18 16.11 106.28 13.97 o 191 029 20.78 no 67.09
(125 (135 @1 6.7 (129 6.1 (1.1) (3.5 6.0 (6.9 @3 0.0 96 @12 1.1 0.0 (32.8
B3 001 095 25 0.3 3.5 1381 3.9 579 10.10 130.59 6.47 o 197 0.53 8.78 47201 no
@.1) (20.6) 448 ©.) (156) (.00 (9.3 (16.3) 6.1 1.8 @8 0.0 0.6 @B (0.7 3.4 (0.0)
B4 004 116 B76 %46 6.03 444 424 1597 8.61 14.43 4.75 2.07 L4 065 7.19 849.23 no
L) W7 13 @7 (1.4 64 69 7.8 6.) (1.8 (7.2 (36 1.9 269 8.2 .1 0.0
B5 002 23 419 5741 3.04 13.78 417 5.8 9.34 102.15 5.3 no 156 051 11.71 853.21 16.15
32 (134 6.0 6.2 (13.0 (.5 (109 1.2 6.) (139 (7.0 0.0 0.7 9.) (13.1( 8.9 (37.0)
TR-1 TR-2 TR-3 TR-4 TR-5§ TR-6 TR-7 TR-8 TR~-9 YK-1
K 20516 31776 22910 no 698 no no 378 no 19062
(11.5) (4.6) (4.8) (0.0) (25.1) (0.0) (0.0) (55.6) (0.0) (4.8
Na 21240 4264 494 89 987 91 337 231 190 401
(3.5) (3.5) (4.2) (5.2) (3.6) (11.5) 4.3) (4.2) 4.3) 4.1
YK-2 YK-3 CH-1 CH-2 CH-3 CH-4 CB-1 CB-2 CB-3 CB-4
K 16942 17267 48891 26262 5325 no 27465 13276 4351 24473
(4.8) 4.6) (5.9) (4.3) 6.7) (0.0 (5.9 (5.1 (10.4) 4.4)
Na 734 704 3426 1072 265 no 8667 1120 1953 h 2238
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(3.9 (3.8) 3.9) (3.6) 4.3 0.0) (3.6) (3.7 (3.6) (3.5)
Y-1 Y-2 M-1 M-2 M-3 M-4 S-1 S-2 S-3 YS-1
K 18069 35950 18579 21261 46989 57098 26818 38130 40446 24242
9.7) (10.9) (11.5) (16.2) (4.4) (5.2) (4.6) (4.2) (4.3) (16.7)
Na 16599 27435 26214 25411 1602 9458 1104 545 865 30086
(3.6) (3.6) (3.5) (3.6) (3.6) (3.6) (3.6) (3.6) (3.6) (3.6)
YS-2 IsS-1 IS-2 B-1 B-2 B-3 B-4 B-5
K 20322 35948 31176 15368 13675 51882 25365 49777
(20.8) (11.9) (12.8) (26.4) (24.3) (8.3) (8.2) (7.8)
Na 33102 32031 29609 24749 22152 13738 19156 13386
(3.5) (3.6) (3.6) (3.4) (3.6) (3.86) (3.5) (3.6)
() :mean the error range in percnet, * : the error limit, no: notdetected, — : not analysed TR :Taeryong YK : Youkang,

CH : Changki, CB: Chunbul, Y : Yangsangongiang, M : Maegok, S : Seochang, YS : Yangsaneup, Is: Insung, B : Byongsan,

Abbreviations are same subsequently in tables.
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Fig. 1. The distribution pattern of Au, Ag for the selected samples from the Yangsan, Kyeongnam

province.
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2a, b, c, d, e f, h, i, j, Selected trace
element geochemistry for the hydrothermal-
ly altered rocks from the Yangsan, Kyeong-
nam province.
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