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Abstract: A small granodiorite-quartz monzonitic stock containing sericitic and propylitic alteration
assemblages hosts a Cu-W breccia-pipe deposit in the southeastern Gyeongsang basin. The mineralized
breccia-pipe contains angular to subangular brecciated fragments of granitic rocks showing clast-supported
textures. An assemblage of quartz, tourmalines, sulfide minerals (mainly chalcopyrite, arsenopyrite and
pyrrhotite) and calcite was precipitated as a hydrothermal cement between the brecciated fragments. A
tourmaline aureole surrounds the breccia pipe. Extensive tourmalinization of the granitic rocks near and
within the pipe and no tourmalinization in the sedimentary and volcanic rocks. The tourmalines are marked
by Fe-rich, black charcoal-like schorl (80 mol% schorl relative) nearer the schorl-dravite solid solution. The
chemical changes in the hydrothermal fluid are reflected by variations in compositional zoning from cores
to rims. They generally contain cores with low values of Fe/(Fe+Mg) and high values of Na/(Na+Ca)
relative to rims. This is because of an increase Fe and Ca contents toward rims. The main trend of these
variations is a combination of the exchange vectors Ca(Fe, Mg)(NaAl) , and Fe*Al_,. It is thought that

*Corresponding author: Tel. 82-51-510-2247, E-mail. yangkyhe @pusan.ac.kr

259



260 opA

o

4

boiling causes the loss of H, into the vapor phase resulting in the oxidation of Fe in the aqueous phase.
pH of the melt would be one of important controlling factors for the tourmaline stability. The tourmalines
could be precipitated when the system evolved to the acidic hydrothermal regime as most hydrothermal
brines and acidic gases exsolved from the magma. The Ilgwang tourmaline crystallization is products of
hypogene orthomagmatic hydrothermal processes that were strongly pipe-controlled.

Key words: breccia-pipe deposit, tourmalines (black schorl), zoning, stability, hypogene
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Fig. 1. Geologic map of the Ilgwang Cu-W mine area (after Fletcher, 1977). Topographic contours are also shown.
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Fig. 2. Mineral paragenesis at the Ilgwang mine (after
Kang et al., 1976).
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Fig. 3. Tourmalines at the Ilgwang mine showing characteristic occurrences. (a) Prismatic or acicular tourmalines filling
the open spaces between brecciated grantic fragments from the pipe. (b) Abundant tourmaline rosettes immediate adja-
cent the pipe and (c) A decreasing amount of tourmaline about 200 m away from the pipe.
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Table 1. Average values of microprobe analyses of tourmaline from the Ilgwang Mine.

Sample SE-7(3) SE-18(3) SE-20(4) PR-4(4) PR-9(3) PR-17(4) MT-16(2)
ag:g};;; core rnm  core rim core rim  core  rim core rim  core rim core  rim
Sio, 3500 3450 3564 3516 3585 3551 3505 3451 3509 3490 3552 3254 3487 3528
TiO, 030 136 029 125 048 052 069 080 021 117 074 029 364 055
ALO, 31.03 2795 31.04 2807 3058 30.08 30.66 2858 31.66 2872 2922 3165 2420 2734
Cr,0, 002 001 002 o001 001 o000 001 001 00t 001 000 001 002 002
FeO" 11.63 12.87 1129 1374 1129 1240 1373 1527 1052 1201 1168 990 1649 16.29
MnO 004 004 003 006 004 004 006 008 017 008 002 005 009 012
MgO 506 571 521 507 532 497 373 36! 524 572 573 564 487 415
CaO 122 188 1.00 168 082 122 097 166 106 171 162 108 128 142
Na,0 222 1.78 214 197 227 19 211 198 206 1.74 230 208 230 215
K,0 003 003 001 004 001 003 004 003 002 003 002 004 005 003
Total 86.54 86.13 86.66 87.05 8674 86.74 87.03 86.53 86.04 86.07 8657 8625 8779 8741
Numbers of cations on the basis of 24.5 oxygens
Si 587 589 594 595 597 600 590 520 587 592 597 591 598 604
Al 613 562 609 560 600 594 608 578 624 573 577 619 489 550
AlinY? 005 -026 008 -024 005 -002 009 -016 015 -0.15 -013 014 -050 -0.37
Ti 004 017 004 016 006 007 009 010 015 015 009 004 047 007
Ca 022 034 018 031 016 022 018 031 019 031 029 020 023 028
Na 072 059 069 065 073 064 069 066 067 057 066 067 077 071
Na/(Na+Ca) 077 063 080 068 082 075 08 068 077 065 070 079 077 073
K 001 001 000 001 000 001 001 001 001 001 000 001 001 001
Fe 163 184 157 195 157 174 193 219 147 171 164 138 237 233
Mg 126 145 130 128 132 125 094 092 131 145 144 140 125 106
Fe/(Fe+Mg) 056 056 055 060 055 059 068 071 053 054 053 050 066 0069
Mn 001 001 000 001 001 001 001 001 002 001 000 001 00l 002
X-site® 095 094 087 09 09 087 087 097 08 08 09 087 101 098
Y-site” 290 330 283 324 290 299 288 313 280 316 308 279 363 340
Z-site” 618 58 614 581 608 603 619 592 628 593 590 624 552 559

Values are expressed as wt% and per formula unit (p.f.u) following the calculation method in London and Manning (1995):
"Total Fe as FeO.
2Alin Y(site) = Al+1.33 Ti+Si - 12.

*X = Na+Ca; Y = Fe+Mg+Mn; Z = Al+1.33 Ti.

Se).

HE Y Ao E07te Fe-Mg TFS HU= 3
p.fu(per formula unit)Qld], W2 ¢ yalg]el] o]w
t} & Fe+Mg pfug YERIZ 3UthEFig. 5¢). ol&
v Al g0l X#HASE ofnjstH, Alo] X/§
o yalelo| E0171H 8kt (charge balances)oll 2]
& o2 AP(e, in the X site)oll LIHIQLY 54
7} AR oA hFg. S¢, d). ol ¢Ze-Z2H AEY
E]9) ([X]AINa(Fe Mg) )2 ZHET oA dAr|4g
A 271dlE ko] Ble] Al AdRo] 5 FH
RS ofugitt. ol2d Woly wlant 7ol I
X FAE A7Ael EatA verdth B E o
1995; Willliamson et al.,

N

(London and Manning,

2000). =, 7F&AkE] 24
b 5= i R P I o = R e
sl EAollA HojAle H

7R R o] Atsl A2 (ferric) X EHEFeTAL )
A7)e] 7PERE 0] WHEARAE o G409 4
Bl (oxidation state)7} 57F AL 2lv|siH, o]Hdt 4
SPdElY S7bs €47t 71789 (supergene water)9} 2
£ 23tE A (more oxidizing fluids)9} &&= A A
B472] H)E(boiling)oll &3 FAHE + Atk (Joliff er
al., 1986; London and Manning, 1995; Jiang et al.,
1998). ¢F3E 94 F7(So and Shelton, 1983; A3
72 9], 1998)9} F3 L/-EAF(Yang and Lee, 1997)
A ol EAAldE 71444 Ego] uH|gl
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Fig. 4. Tourmalines at the llgwang mine showing characteristic textures and various pleochroism. (a) acicular aggregates
of tourmalines intergrowing with quartz in the open-space filling in plane-polarized light. They are cut parallel (left T)
or perpendicular (right T) to c-axis of tourmalines showing dark bluish pleochroism and (b) the same picture under
crossed polars. (c) The curved trigonal cross-sectional outline of the tourmaline crystals showing zoning of the dark
greenish to yellowish colors. {(d) Tourmalines with biotite, garnet, quartz and chlorite in plane-polarized light and (e)
the same picture under crossed polars, which is enlarged to show chlorite closer. (f} Anhedral tourmaline withs with
zoining in plane-polarized light and (g) the same picture under crossed polars. (h) tourmaline replacing feldspars.
Q = quartz, T =tourmaline, Bi = biotite, G = garnet, Chl = chlorite, F = feldspar.
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Fig. 5. Plots of cation occupancies of tourmaline from the Igwang Cu-mine, southeastern Gyeongsang basin using the
same symbols presented by Jiang ef al. (1998). All analyzed data (not average values in the Table 1) are plotted. (a)Fe/
(Fe + Mg) vs. Mg, (b) Na/(Na + Ca) vs. Na. (c) Fe/Mg ratio; schorl-dravite plot along the line £ (Fe + Mg) = 3; values of
(Fe + Mg) <3 correspond to Al substitution in Y; values of £ (Fe + Mg) >3 would plot in the ferrischorl region. (d) The
sum of of sites X +Y vs. Z. (¢) Variations of Fe/(Fe + Mg) vs. Al in Y. Solid and open symbols indicate the core and
rim parts, respectively; diamonds = “MT”, circles = sericitic, triangles = propylitic.
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