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Table 1. Sr and Pb isotopic compositions of Chuncheon nephrite deposit samples.

Sample Type 878r/%05r 206pp,204py, 207pp204py 208py,204py
C-Section
M-1 marble 0.725015 20.185 15.951 40.083
0.725012
C-1 coarse limesilicate 0.750566 20.020 15.953 39.263
leachate 0.751000
residue 0.748175
N-1 early nephrite 0.744847 19.340 15.778 38.672
C-2 fine limesilicate 0.758321 19.809 15.922 39.483
N-2 late nephrite 0.746245 18.731 15.757 38.795
C-3 chlorite schist 0.758016 20.543 15.967 39.539
C-10 amphibole schist 0.769889 20.796 16.012 40.415
A-6 amphibole schist 0.759331 20.722 16.008 40.615
D-Section
D-1 coarse limesilicate 0.736220 19.917 15.990 39.271
0.736295
leachate 0.745344
residue 0.732948
N-3 early nephrite 0.759234 20.425 15.983 39.769
0.759253
D-2 fine limesilicate 0.755863 19.815 15913 39.304
0.755883
N-4 late nephrite 0.740847 19.767 15.857 39.324
0.740870
Nephrite
F-1 pale green nephrite 0.741193
G-1 green nephrite 0.746451
DGN dark green nephrite 0.739084
9202 pale green nephrite 0.759673

Typical errors for the measurement of Sr and Pb isotopic ratios are 10 ppm and 0.1%, respectively. Duplicate 87Sr/®Sr analyses
were performed for several samples(M-1, D-1, N-3, D-2 & N-4). Coarse limesilicate samples C-1 and D-1 were also analyzed for
the acid leachates and residues to see the influence on Sr isotopic compositions from the marble residues included in them.
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Fig. 1. Sr and Pb isotopic compositions of the Chuncheon
nephrite deposit samples. Open squares represent C-sec-
tion samples and solid triangles represent D-section sam-
ples. See the text for detail discussion.
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Table 2. Sr and Pb isotopic compositions of amphibolites and gneisses from Precambrian Kyeonggi Massif.

Sample Type Locality 87gr/B6sy 206py204py  207pyp,204py,  208pp204py,
CC4 amphibolite Chuncheon 18.651 15.750 39.108
CC-9 amphibolite Chuncheon 0.719928 20.008 15.760 39.362
CP-6 amphibolite Cheongpyeong 0.704274 19.392 15.660 39.752
CCh-1 gneiss Chuncheon 0.769928 18.653 15.734 39.670
CP-7 augen gneiss Cheongpyeong 0.898920 18.840 15.837 41.163
YP-2 gneiss Yangpyeong 0.752323 19.847 15.991 40.338
YP-8 gneiss Yangpyeong 0.833564 23.278 16.289 42.561
CP2-1 amphibole schist Cheongpyeong 0.777448 19.150 15.832 40.425
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Fig. 2. 206ph204ph vs 207ph204pY, jsotopic variation dia-
gram for the Chuncheon nephrite deposit. The symbols are
the same as in Fig. 1. See the text for detail discussion.
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Fig. 3. 206Pb20tpPp vs 298ph204Ph isotopic variation dia-
gram for the Chuncheon nephrite deposit. The symbols are
the same as in Fig. 1. See the text for detail discussion.
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Table 3. Oxygen and hydrogen isotopic compositions of the Chuncheon nephrite deposit samples.

Sample Type SISOSMOW SDSMOW H20 wt%
C-Section
C-1 coarse limesilicate -4.35 -99 2.04

N-1 early nephrite -9.49 -107 227
C-2 fine limesilicate -11.07 -113 0.74
N-2 late nephrite -8.62 -104 2.92
C-3 chlorite schist -4.91
C-10 amphibole schist -5.00 -100 247
A-6 amphibole schist -6.20 -94 5.20

D-Section

D-1 coarse limesilicate 1.72 -103 0.59
N-3 early nephrite -4.37
D-2 fine limesilicate -10.43 -92 0.59
N-4 late nephrite -4.96 -104 2.23

Table 4. Carbon and oxygen isotopic compositions of carbonate samples.

Sample Type 33Cppp 8"%0pps 8"80gmow
M-1 Marble 12.75
C-1L coarse limesilicate -5.9 -29.4 0.55
D-1L coarse limesilicate -5.1 -20.7 9.52

C-1L and D-1L represent the compositions from the leached fractions with phosphoric acid.
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FAA 7 E2 s 2alsh
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Fig. 4. 87S1/863r vs 8180 diagram for the Chuncheon neph-
rite deposit. Solid circles represent leached coarse-limesili-
cate samples. Other symbols are the same as in Fig. 1. See
the text for detail discussion.
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Fig. 5. 8D and 880 cross plot with meteoritic water line.
The meteoric water line and the box of magmatic water
composition are also shown. The symbols are the same as
in Fig. 1.
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Table 5. Elemental composition of the Cheuncheon nephrites.

Element Unit 9202-1 DGN* DGN F-1 G-1
Na (%) 0.08 0.06 0.06 0.04 0.02
Mg (%) 11.6 15.0 16.1 16.3 12.0
Al (%) 0.73 0.52 0.43 2.35 0.14

K (%) 0.01 0.03 0.00 0.05 0.04
Ca (%) 7.12 9.86 9.90 7.08 9.17
Fe (%) 0.72 0.98 0.98 0.79 0.59
Ti (ppm) 123 153 153 143 1.34
Mn (ppm) 1447 1118 1147 1458 1345
Sr (ppm) 23.7 20.8 20.8 15.0 7.0
Ba (ppm) 0.25 1.70 2.09 0.98 0.60
P (ppm) 252 490 496 177 122
S (ppm) 719 843 1773 697 2980
\' (ppm) 66.06 15.48 16.83 42.19 2.05
Cr (ppm) 1.21 2.75 2.60 1.72 113
Zn (ppm) 59.89 64.78 65.65 69.42 47.47
Ni (ppm) 3.37 4.30 5.57 2.76 247
Cu (ppm) 0.68 0.88 1.19 1.13 0.46
Rb (ppm) 2417 8.14 7.75 6.81 0.61
Y (ppm) 0.86 1.80 1.92 1.50 0.99
Nb (ppm) 1.18 0.70 0.76 0.49 27.33
Mo (ppm) 0.07 0.05 0.05 0.03 2.81
Cd (ppm) 0.13 0.09 0.15 0.13 0.08
Sn (ppm) 1.64 0.41 0.45 2.15 0.26
Cs (ppm) 0.52 1.52 151 1.77 0.21
Ba (ppm) 45.28 4.14 455 3.17 1.14
La (ppm) 1.03 1.04 1.03 1.65 0.81
Ce (ppm) 2.39 2.10 2.16 3.59 1.64
Pr (ppm) 0.29 0.31 0.33 0.44 0.23
Nd (ppm) 1.07 1.30 1.35 1.53 0.85
Sm (ppm) 0.17 0.34 0.34 0.33 0.22
Eu {(ppm) 0.12 0.04 0.04 0.02 0.04
Tb (ppm) 0.04 0.05 0.05 0.04 0.03
Gd (ppm) 0.21 0.29 0.29 0.30 0.22
Dy (ppm) 0.20 0.34 0.35 0.30 0.12
Ho (ppm) 0.04 0.08 0.07 0.06 0.02
Er (ppm) 0.10 0.21 0.25 0.17 0.09
Tm (ppm) 0.01 0.03 0.04 0.02 0.01
Yb (ppm) 0.08 0.25 0.22 0.17 0.05
Lu (ppm) 0.01 0.03 0.04 0.02 0.01
Hf (ppm) 0.10 0.23 0.30 0.18 0.03
Ta (ppm) 0.19 0.06 0.06 0.10 0.09
W (ppm) 112 0.89 117 1.22 2.03
Pb (ppm) 1.46 2.84 2.95 0.85 1.54
Th (ppm) 0.43 0.89 1.01 0.83 0.06
U (ppm) 0.58 118 1.23 0.44 0.33

*DGN was analyzed twice for the different power aliquots.
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Fig. 6. Chondrite normalized rare earth element(REE) pat-
terns for the Chuncheon nephrite deposit. All the samples
show relatively enriched light REEs abundances. F-1(ll )
has the highest concentrations of light REEs and DGN(@®)
has the highest concentrations of heavy REEs. G-1(4)
shows the lowest abundance for the most REEs. 9202-1
(@) shows positive Eu anomaly while all the other samples
show negative Eu anomalies.
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Table 6. K-Ar age determination for the selected samples.

3BAr (107 10pr radiogenic .

Sample Type K(wt%) 106.STP/g) (103ccSTP/g) Age(Ma) Air (%)
F1 nephrite 0.059 6.70 61.3 249.7 £ 4.7 31.8
7.10 65.0 263.6 + 4.9 24.4
G-1 nephrite 0.018 11.99 22,6 297.1 £ 5.5 61.1
14.55 25.6 334.0 + 6.1 62.7
H-1 nephrite 0.037 12.57 110.6 641.0 = 10.8 25.2
12.76 106.4 620.5 + 10.5 26.2
H-2 nephrite 0.031 11.93 79.9 565.2 + 9.7 30.6
15.52 72.1 517.5 = 10.2 38.8
9907-1 mica schist 341 15.52 3541.5 2495 + 4.7 1.28
9907-2 mica schist 2.12 7.76 2029.3 2315 + 4.3 1.12

2% error is applied for the all K analyses.
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Geochemical Study on the Genesis of Chuncheon Nephrite Deposit

Kye-Hun Park and Jin Hwan Noh!

Department. Environmental Geosciences, Pukyong University
IDepartment Geology, Kangweon University

Abstract : To reveal the origin of the Chuncheon nephrite deposit, radiogenic isotopes of Sr and Pb,
stable isotopes of O and H, and rare earth elements concentrations were analyzed. Such geochemical
data were integrated to track the stepwise changes during the various ore formation stages. All the
samples from the nephrite deposit have significantly low O isotopic ratios compared with the marble
from which they had been formed, which reflects the very important role of the crustal circulating
water with low 880 and 8D in every stage of ore formation. There were progressive decrease of
8180 and 8D during the genesis of Chuncheon nephrite deposit. Newly formed minerals during the
ore formation reveal disequilibrium with existing minerals in the respect of O isotope, which suggests
that the ore-forming fluid of circulating water origin was involved with significant water-rock ratios
in every step of ore formation process. The ore samples have Sr and Pb isotopic ratios similar to
the values of Kyeonggi gneiss complex within which the deposit is located, which also suggests the
important role of crustal circulating water in the genesis of the deposit. In conclusion, all the
geochemical data support that major portion of the ore-forming fluid of Chuncheon nephrite deposit
was derived ultimately from the surface water of meteoric origin. The meteoric water supplied Sr
and Pb through leaching the rocks surrounding the ore deposits.

Key words : Nephrite, Radiogenic Isotope, Stable Isotope, Circulating Water, Chuncheon
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