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Environmental Geological Problems from the

Weathering of Tongnae Pyrophyllite Mine

Kyu-Youl Sung

Department of Applied Geology, Graduate School,
Pukyong National University

ABSTRACT

In the southeastern part of the Korea Peninsula, there are many pyroph-
yllite(Napseok) deposits caused by the hydrothermal alteration of Cretaceous
volcanic rocks. These deposits contain a large amount of suifide minerals
(mostly pyrite). The pyrite can react to form sulfuric acid (H2SOs) when
exposed to water and oxygen. This sulfuric acid leads to acid miné
drainage (below AMD) through a several steps of hydrolysis and oxidation.
AMD impacts stream and river ecosystems in several ways: through acidity;
ferric ion precipitation; oxygen depletion, and the release of heavy metals
associated with Napseok mining such as aluminum, zinc, and manganese.

It shows that the pH of stream water is from 6.2 to 7.2 in the upstream
of Tongnae Pyrophylite Mine. This means that the general pH of the
stream water decreases to 2.07 because of the AMD leached directly
through the mineralized zone with low buffering capacity. Despite Dbeing
largely diluted with the stream water caused by the non-mineralized zone,
the strong acidic drainage originated from pyrophyllite deposits impacts as
far as approximately 10km of downstream.

In the soil near the mine, the quantity of Pb and Zn is about twice as

rich as that of the host rock, which means AMD with large amount of



soluble heavy metals is enriched in the soil sediments by the interaction of
the soil such as surface adsorption, cation exchange while passing the soil
layers. The concentrations of heavy metails in the stream sediments are
several times as rich as those of soil.

As a result of modeling water-rock interaction, SO+ seems to change
with correlation of H® activity through the reaction, but HCOs remains in the
fixed concentration from initial to final reaction. As the reaction is
processing, the concentration of the cations has a varity of transition caused
by change of the concentration such as precipitation or dissolution of the
derived species according to the pH.

According to the transition of the concentration of heavy metals by the
numerical reactions, the concentration of Al and Mn are caused by the
precipitation of the derived species. It becomes different in the solution, but
Zn, Cu, Pb, Hg, and As are non-correlated with the precipitation of the
derived species. As a result of modeling, it shows that the derived species
are precipitated in gibbsite, Fe-oxides, Mn-oxides, kaolinite, and amorphous

silica order.
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Figure 3. Sampling site of the studied area. R1 to R7: rock samples of the
mine area; S1 to S4: soil samples of the mine area; 1 to 19 water and

sediment samples in stream.
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Table 1. Concentration of heavy metals and anions of acid mine drainage

and steram water (unit in ppm; *: unit in ppb)

Samp.

No pH Al Cd Pb Zn Cf Cu Mn SO& F CI NO©

M-01 344 162 na na 18 300 na 23 1133 40 81 11
M-02 471 85 na na 011 20 na 14 908 22 128 145
M-03 471 73 na na 011 20 na 14 886 25 138 141
M-04 216 430 na na 51 870 na 5% 3378 100 52 141
M-05 207 2 na na 3 460 na 41 1518 53 42 08
M-06 370 15 na na 019 20 na 2 136 19 33 1.1
M-07 467 05 na na 002 nd na 019 279 04 36 12
M-08 596 nd na na nd nd na nd 4 01t 32 09
M-09 620 nd na na nd nd na nd 39 nd 32 11
M-10 463 24 na na 008 20 na 098 81 01 84 86
M-11 468 13 na na 008 10 na 082 758 12 123 145
M-12 535 11 na na 007 10 na 078 75 11 119 141
M-13 580 07 na na 006 10 na 062 755 08 153 162
M-14 624 02 na na 006 10 na 037 72 09 156 169
M-1570 nd na na nd 10 na nd 627 02 304 91

0-01 720 na 20 5 001 1 10 na na na na na
O-02 354 na 77 120 1214 nd 61 npa mna na na na
003371 na 54 84 085 nd 42 na na na na na
O-04 284 na 565 1096 1027 190 794 na na na na na
0-05 290 na 144 235 2139 20 204 na na na na na
O-06 288 na 525 959 826 130 783 na na na na na
QO-07 288 na 518 907 826 120 822 na na na na na
0O-08 287 na 816 1017 978 180 1305 na na na na na
0-09 298 na 341 494 4443 70 575 na na na na na
0-10 879 na nd 7 0009 1 8 na na na na na
O-11 346 na 88 116 1168 10 155 na na na hnha na
0O-12 694 na nd 1 0.006 nd 4 na na na na na
0-13 368 na 33 84 0708 nd 999 na na na na na
O-14 495 na nd 24 0095 nd 6 na na na na na
0-15 660 na nd 10 0016 4 2 na na nhna na na
O-16 819 na nd 4 0011 nd 4 na na na na na
0O-17 674 na nd 4 0016 6 2 na na na na na
0O-18 766 na nd 9 0007 nd 5 na na na na na

_14_



Table 1. Continued

A-01 685 na 2 nd 0003 nd 2 0013 na na na na
A-02 369 na 16 nd 1309 nd 493 1177 na na na na
A-03 553 na 2 nd 0018 nd 3 0138 na na na na
A-04 522 na 2 nd 0032 nd 4 0233 na na na na
A-05 338 na 167 nd 1172 nd 1663 2138 na na na na
A-06 421 na 6 nd 0309 nd 17 3963 na na na na
A-07 383 na 13 nd 0949 nd 171 1197 npa na na na
A-08 375 na 46 nd 4677 nd 98 646 na na na na
A-09 393 na 8 nd 062 nd 107 78 na na na na
A-10 393 na 7 nd 0583 nd 100 745 na na na na
A-11 55 na 2 nd 0048 nd 2 0326 na na na na
S-01 63 071 4 18 0.169 nd 19 2568827.311.148577.3 nd
S-02 7120369 2 30 0608 nd nd 0013 2548 0.077 3.201 0.997
S-03 65035 2 22 0212 nd nd 0024 6637 1.232 6.269 1.006
S-04 296 na 127 23 9151 29 1070 9547 na na na na
S-05 3814422 11 21 0817 1 70 970 379289478 652 0.86
S-06 308 na 5 23 378 18 614 33912918.757.74 1415 0.83
S-07 33 164 24 3t 2004 9 304 18.99 1421.333.38 1258 1.01
S-08 4042772 8 33 05% 1 62 369524192 542 976 9.51

na: not analyzed, nd: not detected

M-01~15:
Oo-01~18:
A-01~11:
S-01~08:

sampled in 30th May, 1996
sampled in 5th Oct., 1996
sampled in Sth Aug., 1997
sampled in 30th Sept., 1997
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Table 2. Concentraion of heavy metals in host rocks, soils and stream

sediments (unit in ppm)

Sample No. Cr Cd Pb Zn Cu Mn

Host R-1 39.937 10216 63574 120507 15789  28.792

R-2 28.822 12280 96.000 125.138 81.65%4  92.147

rocks R-3 22832 3661 62965 160487 32556  18.890

S-1 38560 2.060 159.850 154.393  8.575 na

. S-2 8970 0490 155450 291.142 40423 na

Sols S-3 20400 17620 138700 107.212 35272 na

S-4 27630 11520 171.090 296.736 35.648 na

SS1-1 [ 27150 52160 314.040 455513 17.473 na

SS1-2 | 33910 7.070 173980 198636 40.386 na

SS1-3 | 19560 6410 153020 153293 90.320 na

SS1-4 | 19510 3.140 180630 179.748 57210 na

SS1-5 | 22120 3520 97680 128.567 nd na

SS1-6 | 19.330 11410 162480 168417 15705 na

SSH-01] 33332 14390 124776 454691 195853 2730.902

Stream SSH-02| 41717 8777 84495 232120 34.097 1132.390
Sediments

SSH-03| 34609 10.117 95724 319997 43170 1765.247
SSI1-04| 41847 12098 115469 218.134 25090 2551.328

SSI1-05| 34263 21830 92680 285207 87.176 3758471
SSII-06| 39.422 16459 93.183 227.957 25723 3089.682
SSI1-07| 39.128 13597 90483 243815 29.639 2934.5/8
SS11-08| 30.949 7244 80696 425486 999.066 950.924
SSII-09| 41.949 10209 93.188 389.493 83414 1223.637

na: not analyzed, nd: not detected
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Table 3. Heavy metals and trace elements analyses for sulfidation

zone of Tongnae pyrophyllite Mine (unit in ppm)

Sample NO. Au As Sb Hg Ba Cu Pb n

Dp-1 nd 15 5 0.005 120 50 5 10
Dp-2 nd 40 8 0.025 430 25 5 10
Dp-3 nd 42 5 0.015 610 45 10 35

Dp-4 0032 44 5 0.035 180 40 5 10
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Table 4. Chemical composition of initial (rain water) and final (ground water)

reacted water used for water-rock interation simulation (unit in total moles)

Initial Final

pH 57 2.0
cr 0.1008E-03 0.1008E-03
S0 0.1561E-04 0.5010E-02
HCOs™ 0.1561E-04 0.2119E-02
SiO2(eq) 0.1000E-09 0.8168E-02
AP 0.9999E-10 0.2313E-02
ca” 0.2419E-04 0.2419E-04
Mg®* 0.1480E-04 0.7985E-04
=5 0.9999E-10 0.2497E-02
K" 0.6645E-05 0.1627E-03
Na* 0.4784E-04 0.4784E-04
Mn°* 0.9999E-10 0.7024E-03
> 0.9999E-12 0.1994E-06
cu’ 0.9999E-12 0.6288E-06
Pb* 0.9999E-11 0.2797E-07
Hg®" 0.1706E-11 0.1166E-10
As” 0.1680E-11 0.4699E-06
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Table 5. Composition of reactant rock (unit in wt. %)

Composition Amount
Pyrite (FeSy) 30.00
Quartz (SiO2) 30.00
Kaolinite (AlsSisO10(OH)g) 15.00
Pyrophyllite (ALSisO10(OH)2) 10.00
llite (KAL(AISi3010)(OH)2) 10.00
Manganese (Mn) 4.989
Copper (Cu) 0.4000E-02
Arsenic (As) 0.1625E-02
Zinc (Zn) 0.3525E-02
Lead (Pb) 0.6250E-03
Mercury (Hg) 0.2000E-04
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Figure 9. Result of calculated rain water-pyrophyllite interaction at 25°C. Aqueous molality of anions of aqueous component

species as a function of log added grams.
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Table 6. Equilibrium constant (K) of derived species (solid phases) used for

water-rock interaction simulation (after Spycher and Reed, 1991)

Minerals Chemical formula log Kosc
Gibbsite Al(OH)3 7.960
Fe-oxides Fex0s3 17.654
Mn-oxides MnO2 0.013
Kaolinite SisAlsO10(OH)g 7.429
Amorphous Silica SiO2(aq) -2.714
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Table 7. Common primary and secondary minerals in soils® (after Donald L.

Sparks, 1995)

Name Chemical formula
Primary minerals

Quartz SiO2
Muscovite KAL(AISiz010)(OH)2
Biotite K(Mg,Fe)s(AlSiz010)(OH)2
Feldspars

Orthoclase KAISi3Os

Microcline KAISizOs

Albite NaAISizOs
Amphiboles

Tremolite CazMgsSigO22(OH)2
Pyroxenes

Enstatite MgSiO3

Diopside CaMg(SizOs)

Rhodonite MnSiO3
Olivine (Mg,Fe)2SiOs
Epidote Caa(Al,Fe)3SiaO12(0OH)
Tourmaline (Na,Ca)(Al,Fe™ Li,Mg)sAls(BO3)(SisO18)(OH)a
Zircon ZrSiOa
Rutile TiO2

Clay minerals

Secondary minerals

Kaolinite SiuALO10(OH)s
Montmorillonite Mx(Al,Feztng)ASiBOZO(OH)a (M=interlayer metal cation)
Vermiculite (Al,Mg,Fe™)4(Si,AhO2(OH)s
Chilorite [MAI(OH)sl(Al,M@)a{Si,Al)sO20(OH,F)s

Allophane SizAlOy2 + nHO

Imogolite SizAlaO1o + 5SH20

Goethite FeOOH

Hematite a —-FexO3

Maghemite 7 —Fez0s

Ferrihydrite Fe1oO1s - 9H0

Bohemite ¥ —AIOOH

Gibbsite Al(OH)3

Pyrolusite B -MnO2

Birnessite 8 -MnO;

Dolomite CaMg(COs)2

Calcite CaCO3

Gypsum CaSQs - 2H0

® Adapted from Mineralogy: Concepts, Descriptions, Determinations by Berry,
Mason, and Dietrich. Copyright © 1959 by W. H. Freeman and Company
and Hurlbut, C. S., Jr., and Klein, C. (1977). "Manual of Mineralogy” 19th
ed. Copyright © 1977 John Wiley & Sons, Inc. Reprinted by permission
of John Wiley & Sons, Inc.
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