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Nd-Sr Isotope and Gas Composition for the Sangdong
Granites Related to the Tungsten-Molybdenum Ore Mineralization

Kyu Han Kim* and Yu Hee Shin*

ABSTRACT : Tungsten skarn mineralization of the Sangdong mine is localized in the interbedded limestone layers of the
Myobong Slate Formation and in the limestone of the Pungchon Limestone Formation of Cambrian age. Fluid inc-
lusion, gas composition and Nd-Sr isotope for granites and skarns have been investigated. Gas compositions show CO,
rich in the Sangdong granite and CH, rich in the Nonggeori and Eopyeong granites. The initial "Sr/*Sr and "“Nd/"“Nd
ratios of the Sangdong granites have 0.714~0.716(e5=138~162) and 0.51173~0.51178(exs= — 14.4~15.5), respectively.
And their two stage model ages range from 1687 to 1764 Ma. The granite characterized by high strontium initial ratios
and negative ex value could have originated from the old continental crust source. Low homogenization temperature
of the Sangdong granite having 203~296C with 1.9~9.2 NaCl equiv. wt% indicates the post-magmatic hydrothermal
alteration temperature. Skarn ore fluid responsible for tungsten mineralization has been evolved from CH, rich fluid
of early pyroxene garnet skarn to CO, rich later quartz-mica skarn.
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Fig. 1. Location and geological map of the Sangdong mine
(modified from Moon, 1983).
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Table 1. Sr-Nd isotope data and calculated model ages for Sangdong, Nonggeori and Eopyeong granitic rocks.

Sangdong granite

Nonggeori granite Eopyeong granodiorite

S-647.1 S-711 01 02 08

Sr/*Sr + 20 0.727728 £ 12 0.721645 + 11 1.045003 £ 17 0.711094 + 11 0.711064 = 10
"“Sm/"“Nd * 20 0.511804 £ 5 0.511857 + 5 0.511739 £ 5 0.512106 + 5 0.512102 + 6
Rb(ppm) 3328 2735 339.8 107.8 1194
Sr(ppm) 100.7 131 88.2 458 499.6
Rb/Sr 3.305 2.088 3.853 0.242 0.239
“Rb/*Sr 9.5805 6.0497 11.5143 0.6999 0.6917
S/ Sr* 0.7158 0.7141 0.7524 0.7100 0.7100
&(Sr) 162 138 713 80 80
Sm(ppm) 4.7 51 4.6 48 3.7
Nd(ppm) 220 2.0 16.0 210 19.0
Sm/Nd 0.214 0.196 0.288 0229 0.195
“Sm/“Nd 0.1300 0.1194 0.1750 0.1391 0.1195
“Nd/"“Nd* 0.51173 0.51178 0.50970 0.51200 0.51201
&(Nd) —155 —144 -127 =96 —94
e -0.34 —0.39 —0.11 —0.29 —0.40
Tod(Ma) 2163 1862 4408 1849 1488
TudMa) 1764 1687 2858 1375 1363
Age(Ma) 87.5 875 1767 108 108
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" O : Nonggeori granite
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Fig. 2. & vs. & plot of the Sangdong, Nonggeori and Eo-
pyeong granitic rocks. B : Bulguksa granite, D : Daebo gra-
nite(Kim et al., 1994), MS : meta-sediments(Na, 1994).
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Fig. 3. Nd isotope evolution diagram showing possible ranges
of source material ages derived from Sm-Nd model ages.
Symbols are the same as in Fig 2.
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Table 2. Fluid inclusion data of the Sangdong granite.

Co(rlie;at:;ple Mineral Size(um) Type Th(C) (Nagla l::ty wih)
647.1 quartz  10.0 I 2207 29
" 350 " 43
Y 150 v 2957 6.6
4 17.5 ” 2355 3.6
" 20.0 n T
4 20.0 n 2851
4 225 " 203.2 3.2
4 10.0 v 2161
L4 1.5 " 2402 55
4 125 v 2236
" 13.8 " 2007 1.9
4 10.0 v 2351
741.9 " 10.0 v 2351
u 20.0 r 218 3.6
" 12.5 v 27192 9.2
" 12.5 " 2822 7.6
" 15.0 v 2533 4.2
" 20.0 v 2458 5.2
691.7 4 5.0 r 2616
7349 4 15.0 v 2829 3.1
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Fig. 4. Histogram of homogenization temperature and salinity
of fluid inclusions for the Sangdong granite.

2342 ¥ Jaok g YA Tt e) A A A,
427 Table 3% 2,

Table 3ol A9 Zo] 45374k CH, #3i} CO;, &
ol xom oY sFAEdy A s7pete CHdeko)
C0. Feuet ¥,

Sugisaki ef al. (1994)5) S5h#l €]k 44| (Imenite series)
317}k CH, #3¥ol ¥3 23 A Al(magnetite series) 37
W& CO, Fego] =& o] FojA}

o1 A EGT} FAT g e AAA 37399
EAS Jeiz AEsgcte AEAA spety EXE
el 2 SlchFig. 5). 4% FA-E2Ed 2918 FAe
FEx P g8 HA-HFAY, -2, ¢

49 #34ud 4

87 Nd—Sr 591940 g 72 HE 143

Table 3. Gas composition of granitic rocks and tungsten skarn ores
from the Sangdong mine(>X 10™* ml/cm’).

Sample No Description H, CO CH; CH, CO, CH;,

S-647  Sangdong granite 3.8 0 24 0.099 104 0

02 Eopyeong granodiorite 7.0 0.052 39 011 0 0
(Hornblende granite)

01 Nonggeori granite  11.0 0.036 38 0.27 091 0
(Two mica granite)

KX} Pyroxene-garnet 29 0 53 007114 0
skarn ore

S5 Quartz-amphibole- 79 024 0 0 0
mica skarn ore

S-4  Quartz-amphibole 65 0 22 0 0 O
skarn ore

23 Quartz-mica-skarn - 7.9 -
ore

0 210 076 31 036

359 FHEEE Jehdch(Moon, 1983).
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Fig. 5. Comparison of ilmenite series granite vs. magnetite
series granite on H,-CO,-CO and H»-CO»-CH, plots(Sugisaki
et al., 1994). A; magnetite series granite, O; ilmenite series
granite, @; Nonggeori granite, [; Eopyeong granodiorite, 4;
Sangdong granite

A
fuj
=
&
2.
o,
o
o

%

At

0
W
ot
4
RcH
oL
o2
rlo

i*ﬁil(”Sr/“Sr)m 0.714~0.716°LL wiﬂvl% AR RN
89 A (“Nd/“Nd)ie 050970~05120124 A 24E4
7199 53¢ ehhix 9o} 2 280]A] Bl (Th)e

A28 7}ke] 2858 Ma, o1 31741 E-qbo] 1363~1375 Ma,
5570k 1687~1764 Ma ¥ ot7] 37}okal A% 374
o3} o} 3Bt RddH e falsiA|ut 3}7tete
#4719 A& L A 3fols} 9}, FAE 3}
& olging o 279 A3 o A els|e st
5% 29 d#do] JdiAh ex—enBtold AF 3
& gR skt fAR 719el sk e BE

al
a2

3
£5AHER A o] "t} o FFAHEGLS HE]8IH A
1149 2oz s s WAtz Y4

2747149 £AZ 4% ¢ gk

3. AFHAAFY Aol FAERE FUI v
203~296C(H ¢ 245C)0] ™ AEEE 1.9~9.2(3 T 4.7) NaCl
equiv. wt.%olth, 1% 2537kt g ¥ tre o
PHALEER 45

4 7h2RE A et 4 2918 349E CH,
Fapo] & 27| HAY-ARA 2718 FFHAA CO,
- S RO 2 A 4=

HIEH

27 5)(1988) A5 FH RS A4 AHE BES R EHA
A, o) sheiat il w&ojE4l, 45p. ©]7HY,

AAH(1990) Fevhet G0l skt stel dhak Abelel g
Jedelg 444 47 A49 4 € 72 1% 467
A A GatE

AE, B34S, 17101994 28 FAY 347 Nd, Sr
FHEAE A TR A7 A 93 dEAAFS et

13,

ASE, W 1970) B5HAE AAFY ZALEL, FAAA, v. 3
p. 25-34.

EAF1084) A5 FA B4 FAY F2o HF A #
A2 A, 17, p.

TAF(1985) A5 HAl A7 FA4S FAZHE QF B4

A4, v.18, p. 205-216.

FAF, AA4A, w713, AAF0991) FHFEN FALHE
gAY AT, #871¢4 dFR LA, 143p.

AR, A4, o) FA A5 941993) YA G 1787}t
W 317}k geiek ol A FHLLAT AR, v, 29,

p. 387-395.

°*41'1‘ A %(1985) 4531799 ha g 43 A4
XVJ‘E}I]Z] v. 21, p319. -

+84(1985) FHEA ‘a‘%’— 2 71 Y FEie H$34A
°J o izt etd AT, AAN ST o 2| A g3} ubabehg
l_'T‘
ol 44, A4, AFE, AHU(1985) 4 AN FEE9 A4
Al7)eh 44 7T A3 AF. A A A, v, 21, p. 332
Andrawes F. F. and Gibson E. K. (1979) Release and analysis of
gases from geological samples. Am. Min,, v. 64, p. 453-463.
Choo, S.H. and Lee, D.J. (1980) A Rb/Sr age determination on
a Precambrian granite in the Korean peninsula, KIGAM, unpub.

Depaolo, DJ. and Wasserburg, G.J. (1976) Nd isotopic variations
and petrogenetic models. Geophys. Res. Lett,, v. 3, p. 249-252.

Depaolo, D.J. and Wasserburg, G.J. (1977) The source of island
arcs as indicated by Nd and Sr isotopic studies. Geophys. Res.
Lett., v. 4, p. 465-468.

Jacobsen, S.B. (1988) Isotopic constraints on crustal growh and
recycling. Earth. Planet. Sci. Lett., v. 50, p.139-155.

Jang, S.W. (1988) Mineralogy of the tungsten ores from Sangdong
mine. Ph.D. thesis, Seoul National University, 287p.

Jin, M.S. (1980) Geological and isotopic contrasts between the
Jurassic granites and the Cretaceous granites in Southern Korea.
J. Geol. Soc. Korea, v. 16, p. 205-215.



A5 FA-E8d 34 F3aA eshete) Nd-Sr #4440 8 vk AR 145

Kim, D.H,, Choo, S.H. and Lee, D.J. (1978) Rb/Sr age of Hongjesa
granite distributed n Seogpo-ri area. Rept. Geosci. and Mineral
Resources, v. 4, p. 83-101.

Kim, K.H. (1986) Petrology and petrochemistry of Sangdong gra-
nites : Unpub. M.S. thesis, Gyeongbuk National Univ. 80p.
Kim, KH., Kim, 0J., Nakai Nobuyuki and Lee, H.J. (1988) Stable
isotope studies of the Sangdong tungsten ore deposits, South

Korea. Mining Geology, v. 38, p. 473-487.

Kim, 0.J. (1971) Geologic structure and ore deposits of Sangdong
scheelite mine. Soc. Mining Geologists Japan Spec. Issue 3.
p. 144-149,

Kim, S.Y. (1976) Geology, mineralogy, and geochemistry of tungsten
deposits of the Sangdong-Ogbang area, Southern Korea. Ph.D.
thesis, University of Leed. UK., 349p. _

Moon, KJ. (1983) The genesis of the Sangdong tungsten deposit,
the Republic of Korea. Ph.D. thesis, Tasmania Univ., Austrailia,
366p.

Na, CK. (1994) Genesis of granitoid batholiths of Okchon zone,
Korea and its implicatins for crustal evolution. Univ. Tsukuba.
Unpub.

O'Nions, RK,, Hamilton, P.J., and Evensen, NM. (1977) Variation
in **Nd/*Nd and "Sr/*Sr ratios in oceanic basalts. Earth Planet.
Sci. Lett,, v. 34, p. 13-22.

So, C.S. (1968) Die Scheelite-Largerst tte, Sangdong. Unpub,, a-
naug. Diss., Univ. Munich, 71p.

Sugisaki, R. Araki, M. and K.Nagamine (1994) Distribution of car-
bon-bearing gas species in plutonic rocks and their behaviors
in igneous processes{in press)

Welhan J.A. (1988) Methane and hydrogen in mid-ocean ridge basalt
glasses: analyses by vacuum crushing. Can. J. Earth Sci. v. 25,
p. 38-48.

19954 24 3¢ Yy



