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FA| R A= A 27 E(stage 1) ‘474]«] d FA g 3] 271 E(stage II) oA &
B F3ago] FHE BREYPLS HAT A7) 2718 dAE FE AFAE FHsE
MgAlE 271202 A3, BE3do] S48 4&HE v, 37 2912 dAlE Heds
S FRteE CaAlE 27202 FAHFH Y HFajo] $AEA AEHTh Ay B F7] 29t
E dAdM s 4 2 FAFE e AR 2vtE 3EH 2920 R 7‘7* ANEE F
ATk B3], ARFA o}ToﬂH AzstE AR 2718 BAE MgAlY R 27 EFES T
AIA 2 A9 ArE ZARE 9 400~550°C 25, Xeor < 0.1 A Z 401]/\1 ELRC

THEstg 2 Fsago) IAYHNen, FE 2tE wAE ¥ HAEEEY) HHFA
S ZRE °F 300~400°C 2=HAE FHAT

d

F20] : MgAE 27HE, CaAllg 27HE, Aldn), 2 #3544, EgHg F5Ha8

ABSTRACT : Shinyemi skarn deposits occur as Fe-Mo skarn type and Pb-Zn-Cu hydrothermal re-
placement type along the contact between Cretaceous Shinyemi granitoids and Cambro-Ordovician
mixed limestone and dolostone sequence of the Choseon Supergroup. In the lower part of Western
Shinyemi ore body two stages of skarn formation have been observed: the early, stage I
(magnesian) skarn with Fe mineralization and the late, stage Il(calcic) skarn with Mo miner-
alization. The stage I skarn spatially is overprinted by stage II skarn. The stage I skarn is predom-
inantly composed of olivine, magnetite and diopside whereas, the stage II skarn is dominated by
hedenbergite and garnet. The skarnification process occurred in two stages, both prograde and
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retrograde for stage I and stage II skarns. In stage I, the prograde skarns, mainly composed of an-
hydrous silicate minerals, were formed at relatively higher temperatures (about 400 to 550°C) under
low CO, fugacity (Xco2 < 0.1) conditions. On the other hand, the retrograde skarns that consisted
of hydrous minerals were formed at lower temperatures (about 300 to 400°C).

Key wonds : magnesian skam, calcic skarn, Shinyemi, Fe mineralization, Mo mineralization
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Mesozoic
[:| Aplitic dykes
Shinyemi Granitoid
T Imok Granites
Patcozoic
[ Hongjeom Formati
D Jikunsan Formation
B Makeol Formation

Durugo} Fosmation

¢ Ore deposit

Fig. 1. Generalized geological map of the Shinye-
mi ore deposit. A; Fe deposit (Western ore body),
B; Pb-Zn deposit (Eastern ore body).
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Fig. 2. Slab photos (A~C) and photomicrograph (D) of various igneous rock units in the Shinyemi ore
body. (A) granite; (B) rhyolitic intrusive breccia; (C) aplite with abundant Mo mineralized quartz veins
and (D) photomicrograph of aplitic rock showing molybdenite mineralization along the quartz veins.
Abbreviations; fds = feldspar, mo = molybdenite, gtz = quartz.
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Fig. 3. Slab photos (A and C) and photomicrographs (B and D) illustrating various features of stage I
(magnesian) skarn. (A) slab photo of the stage I skarn displaying the general texture with typical mineral
assemblage of olivine + magnetite + clinopyroxene (cpx-I); (B) photomicrograph of A displaying the late
magnetites surrounding the early olivine grains; (C) abundant stage II skarns (clinopyroxene veins) cross-
cutting the stage I skarn and (D) photomicrograph of C displaying various clinopyroxene veins in stage 11
skarn. Clinopyroxenes (cpx-Ilc) are re-injected along the clinopyroxene (cpx-IIb) veinlet. Abbreviations;
cpx = clinopyroxene, mt = magnetite, ol = olivine, po = pyrrhotite.
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Fig. 4. Slab photos (A and C) and photomicrographs (B and D) depicting the features of stage II skarn
in the lower part of Western Shinyemi ore body. (A) endoskarn; (B) photomicrograph of endoskarn with
garnet and clinopyroxene. The early endoskarn, comprised of fine grained aggregate of garnet (grt-ITa) +
clinopyroxene (cpx-Ila) + plagioclase, is surrounded by late exoskarn garnet (grt-IIb). The late stage cli-
nopyroxene (cpx-Ilc) occurs as an interstitial phase filling the space between the garnets; (C) slab photo
showing numerous clinopyroxene-garnet veins in stage I skarn and (D) photomicrograph showing well de-
veloped oscillatory zoning in gamet (grt-Ib) with interstitial clinopyroxene (cpx-Ilc) in the prograde
skarn. Abbreviations; grt = garnet, pl = plagioclase. See Figure 3 for other abbreviations.

A REHoz oA TrTzsl BHRdAY
(719 4D). BARA L 4549 42479 A
FUAE FzoE Ard HEE VA4

(cpx-IIb)& F71o AZH TAF] M (cpx-Tic) &
2 7280 #7198 dAH Y (epx-lic)o] DA
34 (cpx-Tb) - A 74 (grt-IIb) Y A Akol o} F3t
< FAs Yo

ZE 2A7IE(Retrograde Skarn)

AR FEE A} A7 E 2R
g 27EL Y /%w@031444“»mﬂ°
uel REAHOZ my T Adsiy gon,
FE 44T A A% FE, sYH, &
844 o] el

Ay, Ay Ale FZ U3ty o v
Ao AzHY, MgA¥E EE CaAld 2718
¢ Agsie FHE A3V YA Ae=

EHde S

~7HEQ =3t

I

27 EFE0 W3 AAEHEA(EPMA)S

g HAEFFEAY IFAHY JXA-
8600 SX (JEOL)Yl B %" Oxfordd INCA-
6025 EDSE AH8-3t 1, 7t&4%s AR/ £
AzAL Z4ZF 150 kV, 5.0 nA, 499 o
AN7ve Z+2 5 pmet 100%0]8, XPPHOE B
A H A

=



HA S den] M5-FA 37 27r28 44 3 F-E2ad F358

late catly

Jo

)

Fig. 5. (A) Back scattered image of stage I (magnesian) skarn together with the compositions of olivine
plotted in a ternary Te-Fo-Fa diagram. Olivine shows visible chemical zonation in terms Mg (dark areas)
and Fe (light areas) and (B) Clinopyroxene compositions of stage I skarn plotted in the Jo-Di-Hd ternary
diagram. The present data is also compared with those of Yang (1991; dark gray field) and Meinert
(1992; light gray field). See Table 1 and Fig. 3 for abbreviations.
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Table 1. Representative EPMA analyses of olivine, clinopyroxene and phlogopite of stage I (magnesian)
skamn in the lower part of Western Shinyemi ore body

olivine clinopyroxene phlogopite
early early late late cpx-1  cpx-l  cpx-1  ¢px-1
Si0, 4094 4150 40.76 39.13 Si0, 54.62 5358 53.30 5496 Si0, 4152 40.17
ALO; 0.00 0.00 0.00 0.00 ALO; 038 087 082 0.00 ALO; 1363 1366
Cr,0O; 000 000 000 0.00 Cr,0; 0.00 000 0.00 0.00 Cr,O;  0.00 1.70
FeO* 630 398 912 1623 FeO* 301 275 520 256 FeO*  2.60 2.66
MnO 3.60 3.65 1.77 254 MnO 042 091 1.67 094 MnO  0.00 0.26
MgO 49.59 51.14 48.16 42.13 MgO 16.62 1621 1421 17.23 MgO 2635 2542
Na,O 000 0.00 000 0.00 Na,0O 0.00 0.00 000 0.00 Na,O  0.00 0.47
CaO 000 020 000 0.00 Ca0 25.60 2542 2536 25.11 KO 1120 10.67
Total 100.43 100.47 99.81 100.03  Total 100.65 99.74 100.56 100.80  Total 9530 95.01
0=4 0=6 0=22

Si 0998 1.001 1.004 0.998 Si 1.984 1965 1967 1.990 Si 5865 5.734
Al 0.000 0.000 0.000 0.000 Al 0016 0.037 0.036 0.000 Al 2267 2296
Fe 0128 0080 0.188 0346  Fe* 0016 0033 0030 0020 Fe* 0307 0318
Mn 0074 0.075 0.037 0.055 Fe’+  0.075 0052 0.130 0.057 Cr 0.000 0.192
Mg 1.802 1.838 1.768 1.602 Mn 0013 0.028 0.052 0.029 Mn  0.000 0.031
Na  0.000 0.000 0.000 0.000 Mg 0900 0.886 0.782 0.930 Mg 5549 5410
Ca 0.000 0.005 0.000 0.000 Na 0.000 0.000 0.000 0.000 Na 0.000 0.130
Cations 3.002 2999 2997 3.001 Ca 0996 0999 1.003 0974 K 2018 1.943
Cations 4.000 4.000 4.000 4.000 Cations 16.006 16.054

Fo 899 922 887 80.0 Jo 1.3 29 5.4 2.9
Fa 6.4 4.0 9.4 17.3 Di 91.1 917 811 915
Te 3.7 3.8 1.9 2.7 Hd 7.6 54 13.5 5.6 Mg#** 948 94.4

*Total Fe as FeO
**Mg# = (Mgx 100/(Mg+Fe))
Abbreviations; Fo = forsterite, Fa = fayalite, Te = tephroite, Jo = johannsenite, Di = diopside, Hd = hedenbergite.

Jo Pyr
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® Endoskarn
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Di Hd Gr COE Zemmcmmmm e m > rim A 4
Fig. 6. Chemical compositions of clinopyroxene and garnet of stage II (calcic) skarn plotted in the
Jo-Di-Hd (A) and Pyr-Gr-Ad (B) ternary diagrams respectively. Note the variations in chemistry among
the early and late clinopyroxenes and garnets. The hatched areas in clinopyroxene and garnet diagrams

represent the Mo skamn and the gray field in garnet diagram corresponds to the Fe skarn of Meinert
(1992). See Table 2 and Figure 3 for abbreviations.



EEEERE LI

12gA oty 27tegas o A

%3

LR

Table 2. Representative EPMA analyses of clinopyroxene, garnet and amphibole of stage II (caicic) skarn

in the lower part of Western Shinyemi ore body

clinopyroxene garnet amphibole
Endoskarn  Exoskarn (vein) Endoskarn  Exoskarn (vein) Exoskarn (vein)
cpx-Ila cpx-Ila cpx-IIb cpx-Ilc grt-Ila  grt-ITa  grt-I1Ib grt-1Ib

Si0;  5§3.07 5239 50.85 48.10 Si0, 3873 3945 3698 3547 Si0, 37.58 3735
ALOs 080  0.92 0.54 ALO; 1843 1998 12.84 1.21 TiO,  0.19 0.22
FeO* 509 486 1440 2690 Fe,Os** 7.17 449 1588 30.20 AlLOs 877 9.44
MnO 194 151 317 194 MnO 245 226 205 0.66 FeO* 34.82 34.11
MgO 1426 1426 742 042 MgO 0.00 031 0.00 0.00 MnO  0.94 1.03
CaO  25.17 2533 2429 2220 CaO 3371 3511 3247 32.96 MgO 030 0.27
Total 100.33 99.27 100.13 100.10  Total 10049 101.60 100.22 100.50 CaO 11.17 1098
Na,0O  1.80 1.73

0=6 0 =24 KO0 1.63 1.97

Si 1.963 1955 1981 1978 Si 5958 5.935 5884 5945 Total 97.20 97.10

Al 0.035 0.040 0.000 0.026 AV 0.042 0.065 0.116 0.055 0=23

Fe’" 0039 0.050 0.038 0018 AIVI 3296 3475 2290 0.183 Si 6.234  6.201
Fe™  0.118 0.101 0432 0.906 Fe 0829 0508 1.899 3.805 Al 1.713  1.846
Mg 0786 0.793 0.431 0.026 Mg  0.000 0.070 0.000 0.000 Fe’* 0864 0.773
Mn  0.061 0.048 0.105 0.068 Mn 0319 0288 0.276 0.094 Ti 0.024 0.027
Ca 0998 1.013 1.014 0.978 Ca 5556 5.660 5535 5918 Mg  0.074 0.067
Cations 4.000 4.000 4.000 4.000 Cations 16.000 16.000 16.000 16.000 Fe” 3966 3.963
Mn  0.132 0.145

Jo 6.3 5.1 10.8 6.8 Ad 212 128 49.1  96.1 Ca 1.985 1.953
Di 81.5 842 445 2.6 Gr 734  81.1 462 2.3 Na 0.008 0.025
Hd 122 160.7 446  90.6 Pyr 5.4 6.1 4.8 1.6 Cations 15916 15.949

*Total Fe as FeO

**Total Fe as Fe;O;

Abbreviations; Ad = andradite, Gr = grossular, Pyr = pyralspite (see Table 1 for other abbreviations).
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Fig. 7. The schematic evolutionary path of the ore
bearing fluids during various stages of mineraliza-
tion in the lower part of Western Shinyemi ore
body as deduced from the Xco2 versus Temperature
diagram at 0.5 kbars fluid pressure and Xcoz < 1
(Harris and Einaudi, 1982). Abbreviations; amp =
amphibole, bre = brucite, cc = calcite, mgs = mag-
nesite, per = periclase, sps = serpentine, tic = talc.
See Table 1 and Fig. 2 for other abbreviations.
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