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Hydrothermal Solution-Rhyolite Reaction and Origin
of Sericitite in the Yukwang Mine

Maeng-Eon Park*, In-Sik Choi* and Jin-Sup Kim** .

ABSTRACT: The hydrothermal alteration is
program CHILLERD" for the reactions

evaluated using multicomponent equilibrium calculations with the
between hydrothermal water and rhyolite at the temperature of 300C

and pressure of 500 bars. The chemical-reaction model on the depositional processes of the sericitite confirms
that the hydrothermal water-rock interaction(hydrothermal alteration) is the main mechanism of the sericitite

formation.

The principal change in the aqueous phase during the reaction is the pH increase. Overall trends for the

major species are the increase in total molalities of K, Ca, Si0,, Al, Mg, Fe,

Na, and sulfide in solid phase

with hydrothermal water-rhyolite reaction and the decrease of them in ageous solution by precipitation of

hydrothermal products.

Quartz and sericite are the first minerals to form. The sequence of minerals to precipitate following them
is chlorite, epidote, pyrite and microcline as water/rock ratio decreases.
Although calculated results cannot duplicate the complexities of natural hydrothermal alteration, the calcu-

lation provides thermodynamic constraints on the natu
of experimental studies. Sericitite forms where pH dec
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ral process. The calculation results resemble those
reases and water/rock ratio increases.
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Fig. 1. Schematic model of hydrothermal alteration as-
sociated with circulating hydrothermal solution.
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Fig. 3. Concentration of coarse grained quartz m w.

Napseok ore. Scale bar is 10 um.
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Fig. 2. Regional geological setting of the study area and
containing sericitite deposits (modified from Cha, 19
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Fig. 4. Photomicrographs of the altered product of rhy-
olite. It shows different degrees of sericitization. It is
composed of ﬁne-gramed quartz, sericite and pyrite
(black). Scale bar is 10 um. A; altered rhyolite and B;
sericitite.
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Table 1. Chemical composition of reactant rhyolite (wt.
%).

Component Amounts
SiO, 74.19
Al O3 13.36
FeO 2.68
MgO 0.39
CaO 1.57
Na,O 4.10
K:0 3.30
Total 99.59
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Table 2. Compositional variation (total moles) of reactant water on rock/water ratios.

W/R ratio 1,143,000 12,875 3,430 1,028 205 103
Grams rock 0.0009 0.0790 0.2999 0.9999 4.9999 9.9999
pH 4.350 4.387 5.402 5.592 5.640 5.670
Cl- 3.6370E-01 3.6370E-01 3.6390E-01 3.6390E-01 3.6390E-01 3.6520E-01
S04~ 8.7520E-13 1.0200E-12 5.6560E-11 1.4110E-10 1.6680E-10 1.0760E-10
HCO;~ 5.4700E-06 5.9040E-06 6.0760E-05 9.3850E-05 1.0470}3-04 1.1170E-04
HS™ 2.2400E-06 2.4170E-06 1.8660E-05 2.9310E-05 3.4790E-05 4.0840E-05
SiO, 8.3870E-03 8.3870E-03 8.3870E-03 8.3870E-03 8.3870E-03 8.3830E-03
AR+ 2.1280E-11 1.6490E-11 6.8180E-15 1.5940E-15 1.1420E-15 9.3760E-16
Ca?* 3.3180E-03 3.3180E-03 3.3180E-03 3.3250E-03 3.3470E-03 3.0520E-03
Mg?* 9.9570E-06 1.0130E-05 8.9230E-06 4.0430E-06 3.3180E-06 2.9190E-06
Fe?* 6.1270E-06 6.3320E-06 1.3170E-06 5.3030E-07 3.8740E-07 3.3390E-07
K* 4.5940E-02 4.5940E-02 4.5900E-02 4.5100E-02 4.0350E-02 3.7730E-02
Na*t 2.9940E-01 2.9940E-01 2.9970E-01 3.0050E-01 3.0500E-01 3.1060E-01
A) 4%~ daphinite$} clinochloreo]® +44.2 clinozoisite 2+
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Fig. 6. Results of calculated hydrothermal water-rhyo-
lite interaction at 300C. Abundance of alteration pro-
duct (A), total molality of aqueous component species
(B), and molalities of individual ions of component
species and activity of H* (C) as a function of wa-
ter/rock ratio.
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Table 3. Distribution of alteration minerals (in wt. %) at various ratios of hydrothermal solution to rhyolite.

W/R ratio 1,143,000 12,875 3,430 1,028 205 103
Grams rock 0.0009 0.0799 0.2999 0.9999 4.9999 9.9999
muscovite 15.37 33.94 38.23 17.49 9.05 10.60
quartz 84.63 66.06 61.77 40.08 33.17 38.02
pyrite 0 0 0 1.75 0.26 0.07
clinochlore 0 0 0 1.30 111 1.08
daphinite 0 0 0 0.48 0.37 0.35
microcline 0 0 0 33.81 48.19 37.86
actinolite 0 0 0 4.98 5.69 4.07
clinozoisite 0 0 0 0 0.39 1.51
epidote 0 0 0 0 1.84 6.43
Total 100 100 100 100 100 100
5(Mg**, Fe?*)+3Si0,+ALO;+9H,0 ——> ZHaE i)
(B (M) (@) (3 Rt 2108 s FeS
(Mg, FOALS0uOH+ 10H*  (6) ¢ el Feso+2H (10)
(=4 (89 Ed) (&) @R E)
nAdAe. HY o] 29 SExry) 74 (pH§7]-)E] ™A
z E

Aulgol o FElE Si0.7} AL
ik

K.A]gSigO]o(OH)z + 68102 +2K* ——
(A+E) (&) (&)
3KAISi,03+2H" @)
(A4 ()

SAAE F7] DRERP dolxeA Lol
Cat* 9] 17k 7b9A] S04, vl g Yo

SA3ke] Qg

3(Fe, Mg)5A12513010(0H)3+ 4(.:212+ + 38HJr —_—>
FuA) (£ (&)
2Ca;Al351;015(0H) + 3510, + 15(Fe?*, Mg?")+22H,0 (8)
(534 CLNNEE) ()

3KAISI308 + 2C32+ + Hgo A
EIAEE) (F) (89
CazAlgsigolz(OH) + 3K T4 68102 + H+ (9)
(F44) (&) (H9) (&)

FohdEl FEAL e R4 vl oz} )
g #3F {199 F27h AHez FhsuA
A, R de/fEgu] 246 ge} Fes4 9
2 Fe* o] 57 FAEWA 7o) HZepo]

Gp-fr oS (Aol 93t G3aare] A
& TF3t7] $18ke] A 9k$ (natural hydrothermal
alteration) gl Wigt 7|44 A7 Ao}l g3 g
ole}E o] 83 x| Aeuk4 (numerical hydrothermal al-
terat10n) 7éﬂ £ °°_} } t}S3} 7

WHIE  Wies
4. FQ b & 3
P 0] 57190] e} 4541 e FAEY B



232 S - 3204 - 24

AL A}

Q7 Yo £ AFRERY AT
A <ls) Sz, ol e Sk

i1
3

[~]
s

A% (1970) Adde Gubasta 2AAR A, DGR
AR, YA AZAA, 2123, p. 171-235.

35 (1975) A kA Babe] Aolol gt AT A A
8%, p. 283-302.

LA, Aot 07 4 (19D A gAY add
Aspabe) wWAEg o A4 414, 199, p. 83-96.

UAY, AL5E, &4, oldA, £33 (1982) It

Hoty|nt o] %) SASE T B3 Atgo A HFx A4
A B4R, 154, p. 123-154,

A7 (1986) b= Y- 9] wHE-FAFAY AA7T

sPAA A, 199, p. 43-52.

A7, AR (1964) HE 9 HEFE-FAFA dfste]~,
AABAZAATR S, FAA D 2L, ATE, p. 157-168.

ojuld, Z44%F (1964) YA A= (Scale 1:50,000). AA=
ARA,

ol A4 (1986) 7'd FAL foalstabe] Aald At At
SAH SR HALEHSE, p. 86.

A%, AEd (1989) 7 ok @ Wk b A3k
A7 FAAA, 249, p. 341-354.

AEA (1984) Rk o4 FEA, Faistn Apgds
=53, A8%, p. 265-276

hi )

— of

AT, AAS (19%0) 2ok, kel Adets Suket A
315839k A1 4stE] =], 269, p. 329-340.

Hughes, CJ. (1972) Spilites, Keratophyres and the igneous
spectrum. Geol. Mag, v. 109, p. 513-527.

Kim, SJ., Kim, YK. and Noh, JH. (1990) Mineralogy and
genesis of hydrothermal deposits in southeatern part of
Korea Peninsula. (1) “Napseok” deposits in Yangsan area.
Jour. Miner. Soc. Korea, v. 3, p. 44-57.

Meyer, C and Hemley J.J. (1967) Wall rock alteration, In
Barnes, HL., ed., Geochemistry of Hydrothermal Ore De-
posits, New York, Holt Rinehart and Wilson, Inco, v. 204,
p. 183-218.

Maclean W.H. and Lawrence D.H. (1991) Geochemistry of
hydrothermally altered rocks at the Horne Mine, Noranda,
Quebec. Econ. Geol,, v. 86, p. 506-528.

Reed, M. (1982) Calculation of multicomponent chemical
equilibria and reaction processes in systems involving mi-
nerals, gasses and an aqueous phase, Geochim. Cosmo-
chim. Acta, v. 46, p. 513-528.

Spycher, N.F. and Reed, M.H. (1989) Evolutionn of a Broad-
lands-type epithermal ore fluid along alternative P-T pa-
ths: Implications for the transport and deposition of base,
precious, and volatile metals. Econ. Geol, v. 84, p. 328-
359.

Spycher, N.F. and Reed, M.H. (1991) SOLTHERM data base
for program SOLVEQ, MINSOLV, CHILLER, GEOCAL
and KCAL (Personal Communication).

1991 114 89 335



