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Mg-skarn Minerals from Magnetite Deposits of the Janggun Mine, Korea

Chan Hee Lee*, Suckhwan Song** and Hyun Koo Lee*

ABSTRACT : The first Mg-skarn minerals are found from magnetite ore deposits of the Janggun mine,
Korea. The skarn minerals are composed of mostly chondrodite, olivine, chlorite, serpentine, phlogophite,
talc, apatite, magnesite, dolomite, siderite and trace amount of clinopyroxene, amphibole, garnet, wol-
lastonite associated with magnetite, pyrrhotite and pyrite. The skarn zone is developed in the magnetite
deposits at the contact of the Mg-rich Janggun Limestone Formation and the Chunyang granite. The chon-
drodites are columnar and radial shapes and some of them show twins. The chemical compositions of twin-
ning-type chondrodites have high FeO (4.63 to 5.6 wt%), MnO (0.26 to 0.46 wt%) and low MgO (55.02 to
56.18 wt%) relative to the radial-type chondrodites. Twinning in chondrodite has been formed in close
relation to substitution between Mg and Fe + Mn in humite solid solution. Temperature, -logfo, and Xco,
during the skarn stage of magnetite deposits from the Janggun mine range from 395 to 430°C, from 30.5

to 31.2 atm and from 0.06 to 0.09, respectively.

F

AESRILC = RS REE, ERRE B Bile] b2
YRR, $0-TRER-SRAEER, RESSEER, vhI-EHkE ]l &
st B A1EES) RG-S Bolgtth UGS
L & E#S (1962), =R (1967), #{ HL (1968), Z=%
H (1980) S0l osle] 48] ke v o, HSE
1S Bkl UK (Kim 1970; 1979), $5-5ngh-58
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REsSSRE 7 T, Bkl MRSl A sl
A KTFGEE BARkSt ol Tk ol $4-Sgh-G8
ke g8 27188 gk S Holul fEn 2
FololEF  (humite group)ol &3te ZLRrlolE
(chondrodite) s %82 Mg-27+e4#, 289 Ca-27}
248 2 vladlAlo]lE (magnesite)E 33 89
Mg-FeA jREgEEsEyo] pEidch

—HHIo =2 Falo|EFS] e vl Mirbd st
o] —fEo 2 B AFENES E270|E (dolomite)9]
BETCl BREEY EdEe Aoz gEiAd Jdo
(Deer et al., 1962). 3+ BEEIAME kRS 2 iR, SRS
B EIME TiE 2Fshe FalelExe fie] #Hid
9@ v} Ao} (Aoki et al., 1976; Nielsen, Johnsen, 1978). &
oM e ke Limgkle SLskle] ~7lEd A
B R9 v} 9oy (Watanabe, 1939; 1943), AH1L 8 LA
Rel A7 248K Pkl Ptk E e
vl Qlth (E¥kERA:, 1988; TERiLSE, HEFAR 19925 Yang,
1991). vhadAle|Ee Mg-2A71E248Ec] #Mieh T
BHOZ BEE = B &3] s 2oz deiA
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Fig. 1. Photograhs of ore-slabs from boring-core(No. 93-
3) from magnetite deposits of the Janggun mine. A;
Alternative banded ore of pyrite and skarns as chon-
drodite, chlorite and clinopyroxenc assemblages, B; Pyr-
rhotite and pyrite ore interbedded with clinopyroxene, C;
Dolomitic limestone replaced by pyrite, pyrrhotite and
chlorite assemblages.

e (Deer ef al., 1962), Jti&e] BZHHK (Watanabe,
1943)olM #iEE vl lov gggelMe & 4eid A
o},

ASESRLAA SHLERT BiRle A7 Bt
H vk gidlen, ot FEfbmad EakEE] 5
ol A SRUERAE BIRE HES 271 S8t B
g2 Bolu}. o] MAZEE ASEKILS] HESEIR S HiRshe
Mg-2-7} 2580 BE Ao 2 Ko elikits) 3t
HRR, X-RREFFAT, (CEHEK 2 ERIRES FE8I
on, Hikk 2 FEiEgELe] RESgERA HikE Mg-~
7128 gEmee) HHEet HEsle] oY) ARIRES K
F5gt Aol

HBE X SR

FESRL el ) SRS FEIS] Bigesle] sl
o, 2780 mEE RSEERY Heldx #EE
(1996)°l 23l FAZEE ul S17] Wil o] FReol=
ol Eol Taled HmES] FriksluAt dch. MMESKLS BB
A Aol EEfERt EERET AEE-02
TH| A7 HIEEER, EER, HEaKERC] 4
& ol & | E-Amice] FKSET Filfgel FMIAE
A0 2 HHEDT o] BRES K Hitde F
BitmEo] 9ste] BAE Ak T3 RIIEH SRS
o] FFC3l HERREAHS} TERALHE BASa Ut

$5-THER-SRSIR S WMERIKART EhtERS BB
e wel B sukRB1 ko 2 SRise) Zef

#y Aol whek SRS $SRK (A, B, C, D S o=
Bala git} (Z8%ES 1996; Fig. 1). RESsEKS itk
FEe] HEFZl frEsty $5-ep-SReERY e O E B
27FEY O] $BRC 2 A, % wRIFES BHE BER
TRl A REsSSRERS] frAfeet AT MR Aolth
o] HiSERS ER2ulo|Ed MEAKSRETS HRitES
o] HEFERE whel N70°We) M= 50°NEQ] #8512 Hol
o dz4e 2 Uad (A T3 SRR MkE ol 3l
o},
WESERS] REES ol R MEAKERL gl 1t
HollMe Cavt BES Akael Bkt mifdre
Mg7t BEd S2ulolBEd Haol H4dl, mMsskk
Eige Hg E2vlol ER HEElo] vk (S5 E,
1990). ©] 5L 2k C 2 HERS ol IRESEE o
gen gkisole) BHERANA = MERML, MIeall,
ERSEMN L, KSR R o] ATh SRS Zo| 554
e AKEY e KBt T A MEol M
Hol 3lo] —R 2712 SRS e EET e
L}, EEEEETRY I Beol A SR LiER R BRMRSL
= HEES 27128t fEACl UARS Rolt). 1oy ik
SRS SHEANCl = kAT S =200l M
¥En, MR, teih, 180, 228, 8K, BEa, AN
A, ¥iigA, EIRASY 2724k Y S22l E, vl
Ale| B, S, HigASol jRikEEsRol FEdHET)

AN

RSB A BERE e 27124 R3] (93-
3HALYCIA #ERS Blol7] wEel] 27129 FEigiel 4
ek 57, SRbiEHTe BfR 2 SRR BLES
s giEdt e AL Aagslah 93-35 314 %
ke 2712m gEas SRE S AikiEe] 90~160 m
TH#ReF 320~410 m THbolth. RIEE HEREhE SRASEY
£ pEEAn Y Einel Adkaoly mtsas HiEa,
HHRSEA, 8] BEfEEYE ) S sl T B
Aol FFE o5 MMM, &EA, PIEERA, Hlt
R, A, EEA, AARERS) R

27V 2GRS RETSENE (320~410 m)ol M9 EEHE Y
ol 59 ke A7IERS) SRR HES o8
o} (Fig. 1, A, B, C). Mg-271 248l fie F=gg)
o|E, iR, WAL, 15A, MiRA, $ERSIY EBEA,
P3G, MikEa, KRGS Ca-271E f#e] A8
Hoh =3 kAT A7 2] Bl e MRA T, v
AtolE, E2ulolE, #in T AR $E EH



Flg. 1. Photograhs of ore-slaba from boring-core(Mo. 93-
3) from magnetite deposits of the Jangpun mine. A;
Alternative banded ore of pyrite and skarns as chon-
drodite, chlomite and clinopyroxens assemblages, B Pyr-
rhotite and pyrite ore interbedded with climopyroxene, C:
Dolomitic limestone replaced by pyrite, pyrrhotite and
chlorite assemblages,
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Fig. 2. chrophotoéraphs of skarn minerals from magnetite deposits of the Janggun mine. A; Sub-radial type cho-

drodite coexisting manetite. B; Twinning type chondrodite contact with magnetite, C; Magnesite replaced by olivine,
clinopyroxene and amphibole assemblages, D; Apatite inclusion in chlorite. ch; chondrodite, mt; magnetite, cpx; cli-
nopyroxene, mg; magnesite, am; amphibole, ol; olivine, ch; chlorite, ap; apatite.

Ao FEeEiEe] A4S REBEEY 3o FE BE
{LFERS Wk &S #ihe] e ¥ A7 20
e ERERA gk a8y 2 271209 ST
oY) AEIREEE BiEo] TRTgEsl T

ZoarlolEx RO R KEf Tt EH6L 0
U feRf Jkafeld, FElES 2 Hikel R
FEHET 0159 Z7)E 05~2 mm BEoln Do) #
fEo] B BRFEIK TE MK S BT (Fig. 2,
A). BHEE TN = B RELS WY RED T
W 28 i) Ja, B8 fEEY THAags 2
A}, —IB HERES R T B #5E 2oy (Fig.
2, B), ZEAl= FHHHS 275 3t o] ZxRrlo)
E= MO, B, S22l E, MiRA, MtEn, S
F o2 kAT et wet mesael ARl AW
Koz EHEE AR Jon BEAS BEdte AE Bl
g},

WA S poke] HFAERS 7KK 2 kEGS oy &k

REAS Aotk kT 271 25 05mm FE9 2
71& Heoln EEEITAINE Ef Tt kE6S g1,
B WX 86 £aHS Holk i) Bon &2
JEfEES 2Y) (Fig. 2, C). °1& BE#n, AkA, ol
vlAtel B9} H773le Aol gloul, Ak EEgrio)
E, I, IBHSE EY Yol RS #Esh 7t
W A o)}

#eaS 1~2cm® FX| (patch)E o] mgAa s
Hfrate Zlo] Afbarold, e BER T AR
sttt o] = AR 1Bad et s o]
doH, Nikdle wEmRe WRKAES 28 ST
(Fig. 2, D). #E60A T AL S 200l E, HlER, M4
A7 EFshe A= oy, ks Mgt BEd o] 8
Weel BEmst RTERE bt Tk e Aes
Hol MBI AlE Hol B34S ¢+ 3id 4%
e A 6 du ke miER EREc). BEeE
TolXe FitdaT Has) HES kel He
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Fig. 2. Microphotographs of skarn minerals from magnetite deposits of the Janggun mine. A; Sub-radial type chon-
drodite coexisting manetite. B; Twinning type chondrodite contact with magnetite, C; Magnesite replaced by olivine,
clinopyroxene and amphibole assemblages, I; Apatite inclusion in chlorite. chi chondrodite, mt; magnetite, cpx; cli-
nopyroxene, mg: magnesite, am; amphibole, oli olivine, chi chlorite, ap: apatite.

S



14 FRE - RGM - FHE

Minerals Skarnization

Hematite
Magnetite
Pyrrhotite
Arsenopyrite
Pyrite
Sphalerite
Chalcopyrite
Cubanite
Marcasite
Olivine
Apatite
Chondrodite
Magnesite
Siderite
Clinopyroxene
Wollastonite
Amphibole
Garnet
Phlogophite
Serpentine
Talc ————————- —
Chlorite
Dolomite
Quartz
Calcite
Sericite

| |

Fig. 3. Paragenetic sequence of skarn and ore min-
erals in skarn stage from magnetite deposits of the

Janggun mine.

HES %o HERS BHZ TRE AUtk WKL
2 AT S2vlolEY] RSl WIS, e MEAY
AERelA AR e, —ie MR mTagst
v AERS2 0.3 mm Tl gkl o},

FEAY ANAS A8 &ES ud BiEEe] & BhE
H Hke] EAME o] Fo EiET (Fig. 2, O). HIKA
< BT sl fE EHldd FBaS 0.2~05
mm FE9] 71§ Ho|n Rk#Khe] AERS Ak
BHGE T e £H1S Holo —Ee BAMEMS 7}
A £ERS} HFIT. vtadlAlol B FaS B2
upo| B RHET MRSl BRI s, e
Ca-27} 2389 prFER izl dut (Fig. 2, O).
RESSA T RFSEAS] ER, Mg-27123 Ca-27183E

Tabie 1. X-ray powder diffraction data of chondrodite
from magnetite deposits of the Janggun mine.

Janggun JCPDS 12-527
dA mr dA vr hk1
7.415 5 741 8 001
4.857 16 4.84 30 200, 201
3.994 7 3.99 14 011
3.725 15 2.72 16 002
3.575 30 3.56 35 201, 202
3.482 13 348 25 111
3.387 23 3.38 30 210, 211
3.023 34 3.02 45 112
2.846 6 2.847 12 211, 212
2.754 73 2.758 35 311
2.670 26 2.667 30 310
2.623 36 2.617 30 112
2.514 47 2.510 45 312
2.323 23 2.320 30 311
2.290 31 2.288 35 113
2.259 100 2.258 100 212, 213
2.149 5 2.148 12 121
2.109 28 2.108 9 401, 403
2.029 8 2.027 6 112
2.025 8 2.019 6 113
1.944 7 1.964 6 203, 204
1.880 5 1.878 8 511
1.836 3 1.839 4 322, 512
1.742 83 1.740 70 222, 223
1.694 10 1.692 10 422
1.677 5 1.677 4 323

o] HR L ol e S2rlo|Eg} Kol kRS o
F71% ok, 3 A HAERS o]Fo] HgA 2 2
=2 Exel 2= R

gt vie} o) igEskIIe) RSSOl FEHEE &
FI 2R SEL Mbiol RESET, MRS 2 base-
metal BRIl HARES o] o] 2=2uo|E, R,
Mea, KR, riadAle| B, E2rlolE, EEHES] &
o] glolom, #%H#iZ 71 base-metal E{tiEs I
SEL, FRRG, ARG, BIKA, £/ Sitie] it
(Fig. 3). teieadh AL FHie] Ribsimel) idshe
A% gdou, kEne Mg-27129) #EiEms e
o} =3 kol A%, AT S EEED BERL
YEHIS] EAko] YW Aoz Helt

XA o4
AFEGRLS] BRI Y EHE E FERU|ES B

RES 2 X-BIEHFHTE #RE Table 13 2ok BE
EH#EE-E JCPDS 12-7559] E=2r}o|E9} F—37F #t
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< B Mo E FrlolET el HaHEss
Mg,Si0, (forsterite) &3 Mg(OH,F); (brucite) f&o] K&
HiRC 2 Eshe BREEE o|F2 o, o|E9] $
FihR wWE =W zlo]E (norbergite), EEZTIO|E
(chondrodite), F#7HIE (humite), ZZ|:=Frlo|E
(clinohumite) 2 EHET} (Taylor, West, 1928).

Table 2. X-ray powder diffraction data of magnesite
from magnetite deposits of the Janggun mine.
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Frlo| ET §Ee] Mgl Fex MA EHREAHE TR
3l 9len, kHxlo|Eg} Fulo|Ex IEHER E=
ZrlolE9) A frrulo|Ex BRER Btk =
thol B 2fFe] Mg:SiOJ& Ateldl] 1712 Mg(OHF) el
eSO BATIE sk =] Mt siol el 2
o] {RAEIKS] #EE 1 F7]x 319 (Ribbe, 1982), 314k
o] BAME Fkshe Ci# Aol EEEME (dwol
7444 FEE G A ok 2 EESLS] F=20
°|E¥E 7415422 T4 A2 ks Bl

Janggun JCPDS 8-479 RS T S2rlo| B fHEe] BEIOIA AEEE
dA vr dA vr hk1 shulAbol o] X-BUEHTSHT KERE Table 29 Zth
3.269 18 Ko HHF#E- JCPDS 8-4792] A vlav|AlolE
2.878 3 s o . o
o745 100 2.742 100 104 9} [—3% 3h& Holu mifsdrl FaA YA %2 3.269,
2.500 9 2.503 18 006 2.878, 2.340, 2.231A 9} 2 SEHK A EHEE A
2.340 4 o A7k vepdTl o] Aol ol ly] Bk A%
2.322 5 2.318 4 110 . "
2.931 10 AT KRR Alole] ZRY whelke] B Aoz ®BY
2.107 72 2.102 45 113 t}.
1.941 1 1.939 12 022
1.773 4 1.769 4 024
1.705 37 1700 35 116 LB
1.511 2 1.510 4 211
it . Yo S - L THAT (EPMA)] oJslo] Z=2riol o} il
1.354 3 1.354 8 119 A, MR, SACE L REREEgRo] {LE ) HEE
1.338 8 1.338 8 300 t} (Table 3, 4, 5). —fO R Z=2rho|EE Mg—
1252 4 1.252 4 012 Fe'’s} Fe(OH)2) E#Simo] Qe Aoz oA o
Table 3. Chemical composition of chondrodite from magnetite deposits of the Janggun mine.
Radial type Twinning type
Si0, 37.17 3602 3638 36.83 3696 3650 36.37 3620 3625 3613 3638 36.16
ALO; - 0.16 - - - - - - - - - -
TiO, 0.15 - - - - 0.15 - 015 013 - - -
FeO* 323 357 247 123 208 184 468 471 515 608 519 463
MgO 57.82 56.73 5807 57.76 58.76 5866 56.18 55.86 55.02 5556 5548 55.85
Ca0 - 007 011 - - - - 0.11 - 0.19 - 0.26
MnO 025 025 012 013 024 025  0.36 - 015 046 034 026
Na,0 - - - - - - 0.35 - 044 045 - -
K0 - - - - - - - 0.06 - - - 0.13
Total  98.62 9679 97.15 9595 98.04 97.40 97.94 97.06 9728 9899 97.39  97.09
Cations on the basis of 10=0
Si 2271 2248 2251 2280 2261 2247 2258 2262 2281 2241 2272 2262
Al - 0.011 - - - - - - - - - -
Ti 0.007 - - - - 0.007 - 0.007  0.006 - - -
Fe 0.165 0.186 0.128 0.064 0106 0095 0.243 0246 0269 0315 0271 0242
Mg 5266 5281 5.357 5352 5359 5384 5201 5205 5123 5139 5167 5210
Ca - 0.005  0.007 - - - - 0.007 - 0.013 - 0.004
Mn 0.013 0013 0.006 0.007 0.012 0013 0.019 - 0.008 0.024 0.018 0.014
Na - - - - - - 0.042 - 0.053  0.045 - -
K - - - - - - - 0.005 - - - 0.010

*; total FeO
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Table 4. Chemical composition of olivine, chlorite and serpentine from magnetite depostits of the Janggun mine.

Olivine Chlorite Serpentine
Si0. 40.21 39.78 40.34 25.47 25.46 25.15 24.95 44.21 44.07 44.72 44.80
AlLOs - - - 20.74 20.58 20.18 29.83 0.18 0.40 0.46 0.16
TiO: - 0.12 - 0.06 0.07 0.04 0.04 - 0.10 - 0.19
FeO* 2.25 1.21 2.45 28.57 28.31 28.09 27.59 2.15 2.17 2.32 1.77
MgO 58.26 59.18 57.37 13.41 13.56 13.73 13.58 39.06 39.21 39.02 40.12
Ca0 - - - - - - - 0.07 - - -
MnO - - - 0.31 0.24 0.30 0.26 0.01 - - 0.18
Cr0s - - - 0.05 - 0.04 - 0.17 - 0.12 -
Na0 - - - - 0.02 - - - 0.42 - 0.31
Kzo - - - - - - - - - - -
Total 100.72 100.49 100.16 88.61 88.24 87.53 86.25 85.94 86.37 86.64 87.53
4 oxygen basis 28 oxygens basis 9 oxygen basis
Si 0.936 0.924 0.939 5.406 5.420 5.405 5.027 2115 2.099 2.127 2.106
A1 - - - 2594 2580 2595 2973 - - - -
Al® - - - 2236 2585 2517 2218 0.001 0011 0.013  0.005
Ti - 0.002 - 0.010 0.010 0.006 0.007 - 0.002 - 0.006
Fe 0.044 0.023 0.048 5.071 5.040 5.049 5.027 0.086 0.086 0.092 0.069
Mg 2.021 0.049 2.016 4.243 4.304 4.398 4.408 2.783 2.783 2.765 2.807
Ca - - - - - - - 0.003 - - -
Mn - - - 0.055 0.004 0.054 0.048  0.004 - - 0.008
Cr - - - 0.009 - 0.006 - 0.003 - 0.023 -
Na - - - - 0.007 - - - 0.010 - 0.011
K - - - - - - - - - - -
*; total FeO
Table 5. Chemical composition of carbonate minerals from magnetite deposits of the Janggun mine.
Calcite Dolomite Magnesite Siderite
SiO, 0.12 - - 0.36 0.56 1.08 0.02 0.25 0.49 0.13 0.52
TiO: 0.01 - 0.03 - 0.16 - 0.17 - 0.10 0.08 0.68
FeO* 0.04 0.42 0.54 0.96 0.82 2.89 348 6.32 35.57 33.57 53.65
MnO 0.42 0.78 0.62 0.46 0.83 4.28 3.29 2.85 4.52 4.52 0.16
MgO 143 2.48 1.86 20.55 20.43 40.71 41.08 40.57 15.65 15.65 1.35
Ca0 52.17 51.17 51.75 29.61 29.61 0.33 0.78 1.06 0.37 0.37 -
Total 54.19 54.19 54.80 52.41 52.41 49.29 48.82 51.05 54.32 54.32 56.36
Xre 0.001 0.006 0.007 0.010 0.009 0.029 0.034 0.061 0.498 0.449 0.943
X 0.006 0.010 0.008 0.005 0.009 0.042 0.033 0.028 0.102 0.062 0.003
Xng 0.043 0.073 0.055 0.527 0.523 0.924 0.923 0.897 0.370 0.482 0.054
Xa 0.950 0.911 0.930 0.458 0.459 0.005 0.010 0.014 0.030 0.007 0.000
*; total FeO

o, Mg Fe'e] E#e Mg 5589 2] 23
o|Fo] XX £33 10.54 wt% A=A B & ok
3 3t} (Deer et dl., 1962). 2\ 45E8H19) RESSEEK
AM EHHE E2=gro|E9] FeO 282 1.23~6.08
wt% A olth. T RA#RS ol F = #EN F=2
o|EoME MgO; 55.02~56.18 wt%, FeO; 4.63~6.08
wt%s] &E< Holn, #59] ol gl Mtk 2=
Zro|EE MgO; 56.73~58.76 wt%, FeQ; 1.23~3.57
wt%2] #EEE HAk o]E<] (Fe+Mn)/(Mg+Fe

+Mn) HE B9 Fige] 58 0.015~0.062 olu}, ¥
£ 0.013~0.036 ©]t}.

Z=2oelE9 A& Mg(OH, F),- 2Mg,SiO,2
At glov @ ERI AEo7evED
(stoichiometry) & ©|FA] £tz M ol REE Hol
€t Aoz F 4=A Uk (Deer ef al, 1962). ol =
Zro|E7} RARRKEES Ms) QB Ao R
BA=] 31 2lch (Muller, Wenk, 1978; Ribbe, 1982). 444k
e Z=2reolEx Bk BF AR evEg:
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Fig. 4. Plotted diagram showing mole fraction of FeO
versus MgO for chondrodite from magnetite deposits
of the Janggun mine. Wondong; composition of chon-
drodite from the Wondong mine (Kim et al., 1988),
Shinyemi; composition of chondrodite from the Shin-
yemi mine (Yang, 1991), Janggun 1; composition of
twinning-type

radial-type chondrodite.

ER} Qe Aog Hol, o] ] KTRdle tE F
olo| EF9] o] IRARIRSE eSS U&ET AlA
e Ao Bt FulolEZY el TiO, (AW
5.4 wt%)7t MgO& E#E & Joka 3t (Deer e dl.,
1962), MEGERAAM EHEE F=2dolES TiO, &
B2 o 0.15 wtph2A A33] Bt w3 Bl 2
TEgE Lol Y EEHEE Aol el EsELe Ex=
to]lEx FeO2 &=l #%3] w21 (Fig. 4), &5
ZrartjolEdAE FeO% MnO2] &&c] & Aoz
Bol #50] £RS Mg— (Fe+Mn)d il #:g
Bio] Sl Aol w3

Fr2rjo|Ed frehe EAS] MRS Table 49
o] E& MgO (57.37~59.18 wt%) 9+ #2 FeO (1.21~
245 wt%)=2 Ho}l 79 st X AH2lo|E (forsterite)
o FERET. #HEAAE 27592857 wt%e] FeO2t
13.41~13.58 wt%2 MgO7} ®E&=o] (Table 4) 1o,
Hey (1954)9] #&ilef s4fFel #&ioehs #8199 2l =
2ol E (ripidolite) Figiell ERATE T3 dEbrhe] k&
XS FeO; 1.77~2.31 wt% MgO; 39.02~40.12 wt%
ot}

o] REsSsEAIA ST RAREESRYC] AHRHEE
Table 59 2t} Hftaole #ES FeO (0.04-0.54
wt%), MnO (0.42~0.78 wt%), MgO (1.43~2.48 wt%)
7} BEEe] 9o EZnlolEdlE 20.43~20.55 wi%<]
MgOst #4&2] FeO (0.82~0.96 wt%), MnO (0.46~0.83
wt%)7} gslo] itk mladlAle] W MgO2) Akl

Ee 40.57~41.08 wt% °|9, A&} MnO (2.85~4.28
wt%) 9} FeO (2.89~6.32 wt%)7} #1510 Ith. 38FH
9] FeO MIKHIFEE 33.57~53.65 wt%2A 93] Yo
¥ MnO (0.16~7.23 wt%)2+ MgO (1.35~15.65 wt%) E
e W2 MHEEE B

i X RE

Al vkt o] MESRILS] RSl = RO
I &4 L@ol Mg-27t23 Ca-271E, 489 Mg-Fe
JREgEEGRe) MR EElA HEd RFENA Mg-
27128 9) $RS KAWL SR bl 2 Fssessl
o = mEsESRRCOIT (P8R, 1988; Yang, 1991). FiR
LA EHEE Z=2dolEx b wiltle] missa
o EEfeEol &8, BEa 2 Mad Lasty, Fngk
$ELe] F2ro|Ex MSAS SRILR e %
A HEga 3th o] 52 Bk kBEES 20t
o| B BH (HiiaKkEE) ] Fote ZolA fmadte
o] AR EdiEE AR Y] THITHRY Mge
BEEOA HHAEINS Aoz Bl SEELS] RSk
e EnitEad S2uolEA MERIKAS HEel
gty o 713k fERT Bl TS
2 S WIRE /A2 ok =3 FREREEY N
el BEsl MRS whet skaol IRiEE ol o siie
&) Tehia-e Mealt 2 MEML fER UAE A
o2 Hol $Kie FRERAEe] BEARY Bt %
Y Aoz BT}

MBS BRI A EdEE 2Tl Esd e 22
Ero| E-IE LA, A vV Ale] E-kekUh-
Ba, BEA-AIIA-stad Al E- A S RS
ol BT} ¢ o] AR LR 2 A8 B
2 RE RS ~71E3) fERd & Mg-27124k
Mol £E F e HEXE Tl B9 o9} 2t

2CaMg(CO5); (dolomite) + SiO, (quartz) —

Mg.SiO; (forsterite) + 2CaCO; (calcite) + 2CO,
3Mg;SiO,(forsterite) + 4H0 + SiO, (quartz) —
2Mg-Si0s(OH), (serpentine)

2Mg;Si0Os(OH), (serpentine) + 3C0O,—

Mg,Si0,,(OH) (talc) +3MgCO; (magnesite)
+3H0

8MgSi0, (forsterite) + 13CaCO; (calcite) +9CO,

+HO—

Ca,MgsSig0»(OH), (tremolite) + 11CaMg(COs),
(dolomite)
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Fig. 5. Diagram of temperature and mole fraction of
CO, showing the possible ranges at dotted area sug-
gested by mineral assemblages and thermodynamic
considerations from skarn minerals in magnetite de-
posits of the Janggun mine. The curves of MgO-SiO.-
H;0-CO, and MgO-Ca0-Si0,-H0-CO. systems are
modified from Harris, Einaudi (1982). pe; periclase, br;
brucite, mn; magnesite, fo; forsterite, di; diopside, ta;
talc, se; serpentine, tr; tremolite, qu; quartz, cc; cal-
cite.

Ca;MgsSig0(OH), (tremolite) + 2Si0, (quartz)
+ 3CaCOs(calcite) —
5CaMgSiOs(diopside) + 2CO,

o] REREL HUEZ Mg0-Ca0-Si0-H0-CO, 2
MgO-SiO,-H0-CO.¢| #HBAE ] (Harris, Einaudi, 1982)
S 2718 ddie) BES CO, BE& (mole
fraction, Xco) & T3 2t} 395~430°C, 0.06~0.092]
#iE7} €t (Fig. 5).

HiEgEER e A7 gl rshe SRRl RS
o -HAh A - ESEA, RS - S - BISER - R,
ARSI - B - TR o E9] dhAgol 9t} o
7ol BEE SRRl LR 2 B4 BEE
7YA 3 SHUVER ERee] EES FESR (Flogfs,) 2 HE
3 345~382°C, 8.1~9.7 atm®] #ifEo|c). =& RS-
s - Ea e RS FlFS] #iEd pHe) Bk
BE (-logfo,)2 6.5~7.29} 30.5~31.2 atm ©]At} (FHLE
7%, 1996; Fig. 6). 94 Fil 2 HoigEskliols BRagd
Mg-27t29] HpuifEs 22 420~550°C (Reimskil) <}
440~550°C (HisEskil2A EiRdA AREASS &
T Tt GRILSE, RFHR, 1992; Yang, 1991). o1wiel CO,
EEE (0.1 vThe HEHeZ Bkd Aes g4 9l

itk - FHE

o
AFESRILC Bl BArel BROlM = SRILAERT B
Ae 27HES) el HEE v glou, o] Hgedlr w
37 uis} Zho| RESEIIR A & HAINQ) Mg-27128 0
Bol= el Wel pEiETh ol kel AR WK
afiE A3ASte BV 2 & om, MEHLIA
EHEE OIS RS e M2 #ie 7t
5 e BEPE 2 Helth o8 Afyo s &S
st 27HE B SEHRS R SRR kiR 2
Efbol B FFE} ol

W
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RO 2 BATAN. el kiRl A3t ML I5
ok #EE #HAS ST BB EEEH
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