Journal of the Korean Society of Groundwater Environment, Vol. 4, No. 1, pp. 27~40, March, 1997

SR HEEHEAS B8 AESF 2 Qs

T- - -

e stel] i =AT () -l A3 %

A Study on the Variation of the Surface and Groundwater
Flow System Related to the Tunnel Excavation in DONGHAE
Mine Area (II)- Hydrogeochemical Consideration
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Abstract : The hydrogeochemical study on the 15 natural waters was carried out in the vicinity of tunnel
excavation site of Donghae largely composed of granite and limestone. The water samples can be classified
based on their chemical characteristics into two groups; waters draining in the granitic region(group 1) and the
limestone region(group 2). This classification was also confirmed by statistical examination through cluster
analysis, and the tunnel seepage waters collected at the same site appear to be included in group 1 and 2 by
their sampling period, respectively. According to factor analysis, the waters of group 1 are mainly represented
by the weathering of plagioclase to kaolinite and those of group 2 are characterized by the dissolution of
calcite. Different properties of the tunnel seepage waters are thought to be resulted from the effective
waterproofing processes conducted during the sampling interval to the surface and subsurface leakage zones at
the granitic region, which contributed to the change of groundwater flow system. However both the tunnel
seepage waters seem to have thermodynamically interacted with rock-forming minerals in their wallrocks. The
mixing ratio of the waters from two groups and water-rock interactions are evaluated quandtatively for the
tunnel seepage waters through the mass balance approach, and the results are identical with the previous

conclusions in this study.
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Figure 1. Geologic map of the study area.
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Figure 2. The schematic geological maps of plan and vertical sec-
tion and sampling locations for Donghae area. Dashed
line represents water-dividing line. Geological ab-
breviations are the same as in Figure 1. The location of
Chuneun Temple is identical with the sampling site for
SW-1,2 and GW-1.
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Table 1. Mineralographic results through microscopic and X-ray
diffraction analyses for rock core samples. The essental
minerals are indicated in bold-face type.

Core No.3
Sampling Depth Minerals
1~-4m Quartz>Plagioclase
5~11m Quartz>Phlogopite>Orthoclase>Diopside
14~17 m Grossular>Orthoclase
17~23 m Orthoclase>Grossular>Quartz>Phlogopite
26~32 m Chlorite>Orthoclase>Quartz>Phlogopite
32~-38 m Calcite
41~44 m Calcite>Brucite>Dolomite
Core No4
Sampling Depth Minerals
4~ 5m Calcite
8~20 m Calcite>Grossular>Dolomite
23~26 m Phlogopite>Plagioclase>Grossular
26~29 m Grossular>Calcite>Quartz
32~35m Calcite>Quartz>Phlogopite>Orthoclase
41-44 m Calcite>Phlogopite
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Figure 3. Oxygen-18 and deuterium compositions of some water
samples. Solid line is the world-wide meteoric water line.
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Table 2. The physical and chemical constituents of each water sample.

FHstel g ZAAT () - sl AT 0

Sample  pH Eh  Temp Cond Ca Mg Na K Si0, Al B Ba Cu Fe
(mV)  (°C) (uS/em) (mg/l) (mg/)) (mg/]) (mg/)) (mg/l) (mg/)) (mg/l) (mg/l) (mg/l) (mg/})
SW-1 644 295 135 42 1.36 nd 183 038 6.53 nd nd nd nd nd
Surface SW-2 841 57 32 36 nd 065 213 035 6.30 nd nd nd nd nd
\water SW-3  8.22 89 32 278 4417 495 3.18 125 904 196 nd nd nd nd
Sw-4 8.38 51 1.8 321 4976 867 224 080 819 221 nd nd nd nd
SW-5  8.69 75 0.6 37 nd 066 212 039 557 nd nd nd nd nd
Shallower GW-1 658 350 178 95 1.27 nd 193 1.71 6.72 nd nd nd nd nd
ound- GW-2 782 116 9.0 435 76.18 352 321 099 2069 343 nd nd nd nd
givater GW-3 791 92 12.2 238 38.74 3.89 2.66 0.56 6.76 1.71 nd nd nd nd
GW-4 8.34 89 109 324 4361 994 306 355 930 194 0.03 nd nd nd
Groundwater B3 9.65 53 12.3 121 1291 122 5.05 148 12.14 053 nd nd nd 0.06
from borchole B4 7.71 52 12.0 250 3787 377 422 1.55 1523 1.68 nd nd nd  0.02
Tunnel seepage MW-1  8.25 158 179 138 15.73 nd 819 029 1810 097 nd nd nd nd
water MW-2  8.07 -73 15.2 304 4377 204 1275 070 1699 196 nd nd nd nd
Settling SET-1 6.08 214 184 190 24.47 nd 642 1.04 1348 171 0.02 nd nd nd
pond water SET-2 11.18 -55 129 552 4223 033 2240 560 2881 251 nd tr nd nd
Sample Li Mn Sr F Cl NO, Br NO; PO, SO, HCO, CO; TDS
{mg/l) (mg/l) (mg/l) (mg/l) (mg/]) (mg/l) (mg/l) (mg/]) (mg/l) (mg/)) (mg/)) (mg/)) (mg/))
SW-1 nd nd nd 025 353 nd nd 1.33 nd 442 11.68 nd 31
Surface SW-2 nd nd nd 014 478 nd nd 2.05 nd 419 464 nd 25
\watcr SW-3 nd nd 0.0l nd 7.00 nd nd 10.84 nd 9.35 122.85 nd 215
SW-4 nd nd 0.01 nd 6.03 047 nd 1124 nd 12.32 152.99 nd 255
SW-5 nd nd nd 0.03 448 nd nd 1.73 nd 394 464 nd 24
Shallower GW-1 nd nd nd 025 286 nd nd 126 nd 357 14.01 nd 34
) ound- GW-2 nd nd 0.05 nd  6.62 nd nd 094 nd 10.33 229.48 nd 355
gw:tcr GW-3 nd nd 0.01 nd 4.95 nd nd 4.54 0.18 620 11590 nd 186
GW-4 0.01 nd 0.04 0.01 348 0.02 nd 5.39 nd 5.65 16690 nd 253
Groundwater B3 0.02 nd nd 037 726 002 003 064 nd 843 1855 6.84 76
from borehole B4 0.03 034 0.03 nd 1326 002 002 956 nd 6.15 99.68 nd 193
Tunnel scepage MW-1 nd nd nd 187 475 nd nd 025 nd 594 5371 nd 110
water MW-2  0.06 nd 004 227 613 nd 0.03 8.89 nd 880 129381 nd 234
Settling SET-1 nd 0.02 nd 081 7.68 nd nd 3.06 nd 4888 22.18 nd 130
pond water SET-2  0.10 nd 009 356 1705 036 005 357 007 1492 nd 22.80 189
nd : not determined, tr : trace amount.
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Figure 4. Chemical composition presented as the relative con-
centrations of dissolved constituents for the water sam-
ples. DIC(dissolved inorganic carbon) means the sum
of bicarbonate and carbonate ion concentrations.
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Figure 7.
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B4 d3E v ez aF 1o MW-1 % B3&, 2§ 29 719e 78 EA gdoy gebadre AR-zjataro) A w3}
MW-2 % B4E AR on, Syes FAE 4 FA4E  He A2 48x ok 398 NOE AP a9 #¢
Q) Ca™, Mg”, Na', K, $iOy,, F, CI, NO;, SO, al-  ¢lE A& 292224 12 o253 733 $of Anuis
kalinity?] #2Zoz 2lgry. 991%&mde PCA(principal Rolxm gom, ol x&t47 ARZ 710 whdo] As)we] &
component analysis) %4-&, 25 AL 1 o|4Fe] ofoldl "ol Fo] AAFE YA OR 2PHA F& x3k9}
gh(eigenvalue)E Blsl= AL R 3} 0™ varimax 2435 &, sAMEE ougtt. 29 19 olelalghe oF 63924
A g st fel W F 7P 2 g YERRZ A BAas dwsie
25 19 221¥A Z3KTable 3), 2¢] 1 alkalinity, $iOy,,, 5 U 7P Fa8 alojr}.
Na', F, NO;, Ca¥" g2Fo 2, gl 2i= Mg”, CI, SO, o 29 28 FAEE o] & Mgh-Cl, CI-sO,” 7] Auw
iwaﬂs%KL%%gixﬂ #rh. At =4 JEU Mg» '-S0, 71e] AaadE Adye s
89l 1& FAshs 7 £4% Y AuATE s A4 4 @A Yehdth(Table 4). wabd 2§ 19 CI'e F 714 99

Epu}o (Table 4), o] = 5} Fore] 29 % Nl *}10“—101 HEELl o os) B £oF §UEE 202 oA o= A, Mg”
olER FiHe W duduh gty o sitehdctel o A SR F3o o8 B £o2 FFEE A %R\L
A FsHgAo 27| A KA EP APEAle] B dsk SO 7 AE 29EAA Cla 2o YA £

€ vAH up2bA Cask Na 882 K §8d] Hds= o2 o 53T Ao o3 3859 &3lo s 3¢ 504
B =T Qoi(Nesbitt and Young, 1984). CO,= 23 ZAgel 9 &) AFdtE Aoz dudnt B3] Clo] A KollA &
o H,CO& B4ah ol A4l fafo] Wagh +40le e 9¥EAY 29 NO9 02 7190 #oz thehgrh,
gt
H

[ UEi mﬁ

& FdF3hs 29 HCO; & A e =3 Fi= 1 A8 A SO e 89 1o sl E A M=o U= AL

Table 3. Varimax factor matrix of chemical constituents and factor Q °] 32 Ko 9al) 245 o]lxo] K-AAe Eghut %
scores for the water samples in group 1 from Donghae UEHAITHR SiO,,, Tk ofe) AaaAE Jehyol dht
(aq) ©

e ax do

Tne area A2 u)9 22 ABA4(-0.055)8 ol AL zHokahd o)
Variable 1 Facztor 3 Communality Eq.37 #2& W@yl Fgtsoz 49y = ¢
OO o 3ALS; .
Alkalinity 0.993 0.9999 2KALSi;0,0(0H), + 3H,0 + 2H" = 3A1,81,05(OH), + 2K
$i0,., 0.984 0.9933 (Eq.3)
Na’ 0.964 0.9835 .
89 19 AARg e} EAAHET = %, 901 2= %,
F 0949 0.9862 A 1e] A }*E“]C = 63.9%, 2= Zil
NO, -0.940 09614 _8_?_1 3& 104%&*‘1 ol'i 37“9] a9 10i£—] /\4\]:]5]0.]7(1 T 9\;]\
Ca* 0.934 0.9998 T QA FAE 98.4%¢] B, 3749] 8.9l 9l zZ ¥ie
Mg* 0.963 0.9781 Bajol MuE £ e AEE JEMNE communaliys SO,
o - ggﬁ P wﬁ7m, HE 0.9570& Holm Ur] WyEe BF 2 o
+ - e : Aro =
K 0.984 0.9837 °f =) vEbdTh R
. N .39 S al ot aE 2«1 2gE4 A (Table 5), 29} 12 alkalinity, Ca™,
igenvalues . . 1. . Lako - 24 . S stEro
Percent of variance  63.9 24.1 10.4 NO; gZo2, 491 28 Mg", Na', Si0;,, Cl ¥o2, &
explained by factor ¢l 3& SO, K go 2 hEH)
Cumulative percent  63.9 88.0 98.4 22 1& FAFE o] F alkalinity-Ca™ 74e) FuA 5%
of variance 092824 %7 Uehs(Table 6) ol 43|% ol 2]
*Factor loadings less than 0.4 are omitted. el A f(Eq.2)E ouldic}t. 2§ 19 8913 A Ay F

Table 4. The matrix of correlation coefficients among the chemical constituents for the water samples in group 1 from Donghae mine area.

Ca™ Mg™ Na’ K IOy, F cr NO, SO Alkalinity
Ca”™ 1.000
Mg” 0.146 1.000
Na’ 0.956 -0.000 1.000
K 0.104 0.217 -0.105 1.000
Si0y00) 0.964 -0.058 0993 -0.055 1.000
F 0.801 -0.381 0919 -0.252 0.929 1.000
Cl 0.610 0.858 0.476 0.117 0.436 0.106 1.000
NO, -0.931 0.110 -0.871 -0.228 -0.904 -0.794 -0.355 1.000
SO, 0.825 0.598 0.654 0.272 0.655 0.339 0.897 -0.690 1.000
Alkalinity  0.967 -0.103 0972 0.043 0.990 0913 0.393 -0.954 0.661 1.000
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29l 1] A ¥3tEs, 2§ 2414 7Hg
lo] Wald galE 42 oujshs AbE S
Avpol A zefd Ab T AAEHE Aol
Cal‘ D alkalinity ¢} B)okek &9 AR BAE

5 13 v @A R A FeM Fd
FMAgo=w 6}1*4%4 a8 89 2¢) 7MY =A HAHE
810, A% 29 1A% =4 Mol 9o Ca” 9 7H4
ES ARBAE Holw= ol ghro]l A ALEAl e T3
o o] Relgpr|vis F - RFEHAFER EAeE CaMF
A (CazAL(S10,4);)9] &3id 93 Ae2 gohgivt. 4 FA9
A% Zglol o3 HAMNE o] MY (nucleation) F & =7
1} 8o BHALE 2 (diffusion avenue )T 7

=

ty

L‘s‘i

sdEde
s}
bl

Age Hee f18

52 wE S FHEEE 2 oz YA Ao
(Eggleton, 1986). 891 1¢] ojolAlgte < 3.0824 1%
2004 7% 2 2§ 19 29 1o watw ol 2e gre
ualt,

291 28 TAFE & BAER ARAFE BF 062
A ehe k@ FRBAE BAoZHM BY WS ofstel g0l
o] A ehierh Mg} A% wajad ol Aaslo] Sol

Table 5. Varimax factor matrix of chemical constituents and factor
scores for the water samples in group 2 from Donghae

mine area.
Variable - Facztor . mcl’l‘r’)‘a“n'w
Alkalinity 0.936 0.9841
Ca” 0.904 0.9748
NO; -0.844 0.8293
Mg’ -0.927 0.8767
Na’ 0.686 0.4753
Si0y,q) 0.638 0.682 0.8748
Cr 0.595 0.4326
SO,” 0.957 0.9671
K -0.497 -0.707 0.7560
Eigenvalues 3.08 2.58 1.50
Percent of variance 342 28.7 16.7
explained by factor
Cumulative percent 342 63.0 79.7

of variance

*Factor loadings less than 0.4 are omitted.

T 12

72 Qo EE WA o] FARER e shy
alkalinity®} A& A#FAAS Holx| gomz o]
os] &4 Fog 385 LE Aoz vehdth. M
3715 Sht Si0yu, s &9 4
e oy Kep o 4 J?ﬂr?%l% Holal
o] HE At Ujoll A th3} 2
A Aoz Azheiti(Faure, 1991).

rlr miru

Mg-montmorillonite - Illite
[( Al 00)(Si; 57ALy 53)O10( OH ), [M gy 16, + 0.608 K + 0.086 ng2+
+ 0405 H,O0 =1.013 [(All.soM$o.25)(Sis.soAlo.so)olo(OH)zKo.w]
+0.1245 SiOymopny + 0.781 H' (Eq4)
Mg-montmorillonite - Chlorite
[(Alz.oo)(Si3.67A10,33)010(OH)z]MgO,W +5.658 Mgz‘ +9.32 H,0
=1.165 MgALS;;01(OH)s + 0.175 SiOumopn) + 11.316 H*
(Eq.5)

communality7} 247} 0.4753 2 0.43262
Ae] 50%E A X 8t gle

Na'e}l Clel
Zx](Table 5) 21

2%,
2} 8.9l
o2 Al 3 A

=

& 8717k Yk @) F 012 Aol
HEATIE S ROBE Na7h AE 2GBAANA M E5

& 7V5 & Fuksitt.

T2 3% W4RE S0/% Kk o2 go) dau
71 Y olBo] & 89& TSk
71 ulg- oyt hee ARl EE
eRtE adeE AHE AdHEY LIHE
Dietzel ef al.(1992)0] 2)gt A+ ZAa}o] 23HH B E}
A3 AdES] g2 PAE Fozelde B A
SO/ = Z2¥H 1 K 2315 42 29 v} olq 15} )
Foll AFA ol gt girRe] 12keH Fdo] UG BE

Adoka shllgh ey @
Q)

et o]2]d 4 o] @%E%Q
oA AAz ZH€ pH}
B2 AetEEolA EEE g
o] ofux SO/ 9 #gx o
19952, 1995b) £

o Hol
o]: &l 7oltt.

I8 2004 209] 1o] M) BEAabol 34.2%, Q91 27} 28.7%,
89l 30] 16.7%E AWsIEZH 37 2002 MA Hire
79.7%% 44T & At

&
=13
=

Table 6. The matrix of correlation coefficients among the chemical constituents for the water samples in group 2 from Donghae mine area.

Ca> Mg™ Na' K ST Cl NO; SO, Alkalinity
Ca™ 1.000
Mg™ -0.091 1.000
Na' -0.151 -0.547 1.000
K -0.152 0.663 -0.232 1.000
$i0, 0.615 -0.577 0.469 -0.156 1.000
C -0.157 -0.422 0.037 -0.191 0.377 1.000
NO, -0.603 0.146 0.176 -0.120 -0.379 0.336 1.000
SO, 0.563 0.044 -0.012 -0.515 0.160 -0.102 0.234 1.000
Alkalinity 0.928 0.192 -0.196 0.147 0.464 -0.407 -0.677 0.418 1.000

35



Pty E ¥ g 2 ABEel diste] Fojxl oM dRgtHe
2 AT B2 dekay] st BEAPA R A
THEY Z, MW-12 25 1ol, MW-2i= 2§ 20 $3f  Ci(Figure 8). sbebst -Avbeg ¢ 1§ 13 43z
= RoZ YepdAlw o)Ze) 2 2§ o) B AFS € A 39 BNGFER F2 02 2F 28 I AR B4
3 AR 9 BUE etz S 7R QA & Ao R v shed Rzt dv)E Y 2% 29 ASE SiOy, el =
v} & £20) 29 383 24 S AHRUFigure 4) 1§ 1, MW-2E 74 AIE B8 Al 8ol Al3]ekE ol ofgt,
1914 MW-1 2 B3 59 thd ARl A58 Astes tgd Ao, Al Ald 59 JEFE0] T8 Fo) FAH] glom
A8l vlate] TDS 3 Ca™7} B} F3td 54 & Holn 2F 2 FEARMAEE H4sted u7t Q& Aoz sdwc
2914 E MW-2&= Na' 2 F7h vt 23tg 538 nole § Figure 82] J 984 218 Helgeson(1969)& 7|22 3%
B 4E5E 2§ 19 2§ 29 F08A 44 S Wol §55 2y KO-ALO:SIO-H,0 A & e & Nesbin
7} AA g A3 Mg N9 B9 EF wv/adxn (1977)8 AR oha s R Ao R HAAE Na.,
ooz A7ike] AR FH Edwel whgo]l YA v Ca, Mg-2HEC|ES FhEEve| B HYF AL ol& o
et o] F& F(1996)0] A FHA Aol g AFAA A<t H
(a) 10 (b) 16
1,2
o) 14
8 g -
) = iy
'+: 6 - i.'_‘ 1Smec.
y .
Z | Gibbsite E\ S 1o 00
2 5
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8 —
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2 T \ ] 6 T T T T
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Figure 8. Stability diagrams in the (a) Na-, (b) Ca-, (C) Mg-, and (d) K-systems for the water samples. The boundaries between kaolinite
and smectites are from various sources; (a) Lee ef al(1996), and Helgeson(1969) and Nesbitt(1977), (b) and (c) Helgeson
(1969), Lee et al.(1996) and Nesbitt(1977) from the left to the right. The quartz and amorphous silica saturation lines shown
in (a) also apply to (b), (c) and (d). The symbols in this figure have the same meanings as in Figure 6.
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Figure 9. Saturation index of calcite with total dissolved solids for
the water samples (O : Group 1, @ : B3, MW-1, [J :
Group 2, ® : B4, MW-2).
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Table 7. Constraints and phases used in mass balance modeling for Donghae mine area.
Constraints
C Ca Na Si K Mg Al
Phases
Precipitation or dissolution Precipitation only Dissolution only
Calcite (F)* CaCo, illite Ky Mgo2sAlL 3513 :010(OH), plagioclase NagCag 234l 23815 7705
COyq, (F) K-feldspar KAISi; O
kaolinite ALSi,O5(OH), dolomite CaMg(COy,),
Ca-smectite Cag67Al, 33513 7010( OH), chlorite Mg;,AlZSi;O,O(OH)8
Mg-smectite Mgy 167Al, 25513 67010( OH), phlogopite KMgAlS1;0,,(OH),
silica Si0, grossular Ca,Al(Si0y);
* (F) : phases forced in models.
AN e 38 19] E3Hgo] 2F98%21 4 wdol o7 1} Table 8. The mixing ratio in models obtained by mass balance
ehdtl 4 walo) olsbd SW2 2 SW-30] 35 0] MW-1 rr}odehng for MW-1 and MW-2. The modc.ls t.hat pro-
i o = = o o o = vide the best fit to the measured data are indicated in
o gtetxAdS SIS Eq.6% & w8-& 3t} Eq.6 bold-face type.
g 3 g . 10 E3HS (%)L 5o
A ISW Z’D}SW 33 = MW-1¢] &2 EE&%6E, oA &= Model No. Initial samples NO; (mg//) Cl (mg/])
/o] &9 & zt=t)
mmol/Je] 51 E 2=t Measured values at sample MW-1 0.25 4.75
0.980 SW-2 + 0.020 SW-3 + 0.292 CaCOjy(calcite) SW-2  SW-3
+ 0.341Nay 7;Cag 23Al, 2381, 7704(plagioclase) + 0.435 CO,, = 1 80.9%  19.1% 3.73 5.21
MW-1 + 0.003 K, Mg 15Al, 5Si550,4(OH),(illite) 2 92.0% 8.0% 2.75 496
+0.177 Mgy 1AL 33815, 6,016(OH ),(Mg-smectite) 3 12.0%  88.0% 9.79 673
+ 0.090 SiO,(silica) (Eq.6) 4 98.0% 2.0% 223 4.83
' 2 4 5 66.7%  33.3% 498 5.52
49 mdo] EAME Aol 7MY F Fishe AoR e e Measured values at sample MW-2 8.89 6.13
S NO, g slol MW-LA A= 849 e 025 F—
mg/R1d] qH&le] ALke Tk 2.23 mg/li A B4 gk} ohas 1,2, 4,5 67.7%  32.3% 4.89 5.50
i]—o]—e— iol c} oleld °J°I oz ]% ;B_hg— =9 3 8.8% 912%  10.06 6.80
13 5 5 6, 7. 8,9, 10, 11,
47g, qu EERETE wg»} dw ans g 12051921
> S 13, 14, 15, 16 719%  28.1% 452 5.40
eI oyt 1 E} S HHAS BF A2 275 17 197% 803% 911 6.56
mg/ /X o 9.79 mg/I2] NO; o] AMte 2z 44 24 20 380%  62.0% 7.50 6.16
o] 7bg A Ao g wdErt 49 RAS "B E A Cl
TF A2 4.83 mg/lo)v] SAHKE 475 mg /IR ZAS)
A H At + 0.563 Nay, ,,Cap 23Al, 2381, ,,05(plagioclase) + 0.552 COy,,
MWw-2¢] A& 7basi &te RdE £ 22017 =E2HU = MW-2 + 0.009 Ko Mg 25AL 551350, OH)y(illite)
th MW-2¢l thdt 15 29| EFE2 Ha oF 28%llA Hl oF +0.301 Mgy 157AL 33513 67/O10( OH ),(Mg-smectite )
91%7t# el © 1} (Table 8) o] FollA] MW-2¢] NO; sk + 0.275 SiO,(silica) (Eq.8)
7+ 2% B 2F 29 EFgo] oF 80%2 174 1
Mg CAT A LE S Bl o o o)ei% Ul gl AAZ Bolsh 22 ol
9, O ghol 7hg 29 dohs 1§ 29 G0l o 62%
’ U a4 FUATIA BE 80l Ve Zl‘?_ | &
Q208 Bl Aoz vehdth 1747 200 e 2z
> a1 89 W2g oot Bul 23 B2 Fzgo e YN wEe JE
E = —_E 14 . = & S
® ° 28 5 I Gl oS EHHole AT
0.197 SW-~2 + 0.803 SW-3 + 0.080 CaCOy(calcite) ALYy gy Ay MW-1& g7t zlde E0g 22
+ 0.552 Nay 7,Caq 23Al, 5551, Og(plagioclase) FHEE 2§ 19 EFEo] o 98%z2 diF-E& AAstn
+0.223 ALSi,O4(OH),(kaolinite) + 0.406 CO,,, = MW-2 MW-2% A3)g A& 98 22 FHEE 1§ 29 EEE
+0.016 Ko Mo 5L :5i:014( OH)(llie) o] o 62%-80%Z Be ¥ X shi= 2oz et spskE
+ 0.485 Mg, ,(,Al, 335i3.670m(0H)z(Mg~SmCCtit€) (Eq~7) 2] 2ol & THEA Aol A3t T3 gagh Egtof] 9
A7t byt BuS FE FrIbel 2R Fobe] wES @
0.380 SW-2 + 0.620 SW-3 + 0.279 CaCO;(calcite) 3 225 Aoz YyElhgom o]eldh e glBA 9 &
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