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Isotope Geochemistry of Uranium Ore Deposits in Okcheon
Metamorphic Belt, South Korea

Kyu Han Kim

Abstract: Black and graphite slates from the Okcheon metamorphic belt contain enriched values

of uranium (average 200~250ppm) and molybdenum (average 150~200ppm).

Uranium minerali-

zation is closely associated with quartz and sulfide veinlets which are formed diagenetically in

graphite slate. The uranium minerals were concentrated in outer part of graphite nodules.

The 6%C values of organic carbon from the metasediments including uranium bearing graphite

slate range from —15.2 to —26.1% with a mean of —23.5%. Meanwhile, 5°C values of coal and

coaly shale from some Paleozoic coal fields of South Korea vary from —19.4 to —23.9% with an

average of —22. 5%.

Isotopic compositions of vein calcite in uranium bearing slate range from —13.4 to —15.4% in

4%C and +11.3 to +15.1% in %0 could indicate a reduced organic carbon source isotopically

exchanged with a graphite of biogenic origin.

Metamorphic temperature determined by a calcite-graphite isotope geothermometer was 383~433°C

which corresponded to greenschist facies by Miyashiro (1973) and is consistent with metamorphic

facies estimated by mineral assemblages (Lee, et al., 1981, and Kim, 1971).

The fixation of uranyl species by carbonaceous matter in marine epicontinental environment, and

remobilization of organouranium by diagenetic processes have attributed to the enrichment of uranium

and heavy metals in the graphite slate of Okcheon metamorphic belt.
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Fig. 1 Sampling map of the Chubu-Majonri district
in Okcheon metamorphic belt(Geological map
after Lee et al., 1980).
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Fig. 2 Sampling point of the Deogpyeongri area in
Okcheon metamorphic belt (Geological map
after Lee and Kim, 1972 and Lee, 1984).
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Table 1 Carbon and oxygen isotopic compositions of some carbonates from the Majonri-Deogpyeongri district

in Okcheon metamorphic belt.

Sample No. ’ Description ! 613C (%) 018C (%0)
M2 Light gray crystalline limestone —1.4 +4.0
M3 Gray crystalline limestone ~2.6 +5.6
Mi2 Gray limestone —3.8 +12.0
D25 Gray crystalline limestone —0.4 +15.4
MJ-5 | Light gray limestone —1.2 +17.6
MJ-6 Layered crystalline limestone —0.1 +18.4
S-1 Dark gray limestone —1.3 +15.0
S-3 Gray crystalline limestone 0.0 +15.7
S-10 Layered limestone -1.7 +14.9
MJ-1 Vein calcite —4.3 +8.1
MJ-2 Vein calcite —3.7 +9.4
D10 . Vein calcite in U-bearing black slate —13.4 +15.1
D14 1 Vein calcite in U-bearing black (graphitic) slate —15.4 +11.3

M2, M3: the contact metamorphosed samples in the vicinity of Majonri.
M12 to S-10: the regional metamorphosed rocks samples.
MJ-1, MJ-2, MJ-5 and MJ-6: samples from the Manjang copper mine.

Table 2 6°C values for organic carbon preserved in the uranium bearing black slate and graphite slate
formation in the Chubu district of Okcheon metamorphic belt.

i 18C (9 13

SaIr\?gle Description COE,%;eld ((sgrgpl(li/?e)) CaéOS—C T(%%l))'

M3 Gray crystalline limestone 0.09 —4.3 1.76 730

M4 Graphite slate 0.33 —20.0

M5 Gray shale 0.15 —15.2

M6 Graphite slate 1.13 —24.6

M7-1 Sandy graphite slate 0. 41 —24.2

M7-2 Graphite slate 2.73 —26.0

M8 Sandy slate (phyllitic) 0.94 —25.4

M9 Shale 0.09 —23.6

M10 Black slate with many pyrite layers 0.06 —24.8

M1l 1 Mica schist (phyllitic) 0.07 —16.4

Mi2 | Gray limestone 0.38 ~14.5 10.75 433

C-1 Graphite slate with quartz and pyrite veins 2.81 —26.1

C-3 ditto 3.10 —25.7
K SMOWE FIRAY. £444: = 1,2,3% EPMA ¥44& o-& ZFEHPEA984), ZERE] (1983)
i o 998 FAHU Y. $2FFEL uraninite, torber-

aRER % NS

WFELERLTEFN ER Bote] @y Ao
FeHESEe EHREC it s RIS $
FEAEL oA AET vt Zo] AL ES
T RE—SdZ vl o EFEdT FH5 dh £
FEFEL v|Po = 5 uraninite2 FA o] 9Lo]

nite, metatorbernite, tyuyamunite, metatyuyamunite,
autonite, metaautonite 522 FA = o] g oh(Z:HER,
1984). ZFEXEES (1983)¢] <& coffinite, haiweeite,
magniosilite S5 &4 =9},

58 E REA—S4A S EE 3340 go &
w3 A= = FEHFEIE FWRS (1978), o
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Table 3§ The isotopic composition of carbonaceous matter in the uranium bearing black (graphitic) slates

from the Deogpyeongri district of the Okcheon metamorphic belt.

Sale Descrpton | e | o | e
D19 Black slate 186  —24.6
D20 Graphite 1. 77‘ —21.2
D21 Graphite slate with pyrites 0. 65[ —24.1
D22 Graphite slate 1. 68‘ —21.7
D23 Phyllite 0. 36‘ —19. 8
D24 Black slate 0. 36 —21.8
D25 Grey crystalline limestone 0.72 1 —13.9 13.5 384
D20-1 Graphite slate 0. 081 ~24.1
D22-0 Graphite slate 2.8 ‘ —19.8
D22-1 Graphite slate with pyrites 0.10 —22.2
D22-2 Black slate 0. 12| —22.4
D12 Graphite slate with pyrites 2. 14‘; —24.5
D17 Black slate 1.100 —24.8
D1 Graphite slate 1. 39: —23.0
D2 Graphite slate 3.9 “ —22.7
D4 Graphite slate 1. 63 —20.8
KH-94 Graphite-chert-sulfide layered rock 1 —21.7
l U(ppm)* 1 Fet* ’ ’ Mo**
KH-91 U-bearing graphite 3.43 —24.00 80~120 1.63 44.15  0.32
KH-92 Nodule (inner part) intermediate 2.17 —~23.4 620~ 4.78 4732 1 30
part 1, 500 e
KH-93 Outer part (matrix) 1.78 —23.1 27.7 5.33 15. 16
* Lee et al.(1980).  ** Number of count in spectrum (X.R.F).
Bol gty B EA vebve FEMRS A 2A Fx Y
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Photo a. Uranium bearing graphite slate. Quartz and sulfides veinlets are closely associated with high grade

uranium ore.
Photo b. Alternation of graphite and cherty lamina.
Photo c. Graphite nodule at Deogpyeongri

Photo d. Autoradiograph of photo ¢ sample. Photo scale same as Photo c.

°of BEARNSE AAAH(EESE, HET, 1980).
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Fig. 3 Relationship between uranium and molybdenum, uranium and P,Os in graphitic black slate of the
Okcheon metamorphic belt. Analytical data from: 1. The Miwon district; Hansung-hang (Park et
al., 1983). 2. Jinsan district (Kim et al., 1984). 3. Keumsan district; Dojang-gol(Kim et al., 1980).
4. Okcheon (Lee et al., 1983). 5. Boeun district; Jinchon (Kim et al., 1981). 6. Boeun coal mine
(Kim et al., 1981).
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Fig. 4 Relationship between fixed carbon and U in graphite and black slates of the Okcheon metamorphic
belt. Symbol same as Fig. 2.
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Table 4 Carbon isotopic composition (31*C) of coal and coaly shale from some coalfields of South Korea.

SaNn;f) le Coal field J Description 618C (%) Remark
1 Kyongjoo-Yongil(Pohang) ( Lignite —25.3 Tertiary
2 Choongnam (Sungju) | Anthracite —22.8 Mesozoic
3 Coal shale —23.9 Mesozoic
4 Kyounggi(Dongduchon) Coaly shale with plant fossil —23.6 Mesozic
5 Moonkyong (Eunsung Mine) Coal shale —24.4 Mesozoic
6 | Anthracite —23.8 Mesozoic
7 Honam(Whascon Mine) Coal shale —19.7 Paleozoic
8 Anthracite —20.8 Paleozolc
9 Samchok (Dogea Mine) Coaly shale —21.9 Paleozoic
10 Anthracite —21.7 Paleozoic
11 Samchok (Jangsung Mine) Anthracite —23.1 Paleozoic
12 Coal shale —23.9 Paleozoic
13 Jeongsun(Najeun Mine) Anthracite —21.8 Paleozoic
14 Anthracite —21.2 Paleozoic
15 Yongweol (Hamback Mine) Coal shale —23.1 Paleozoic
16 Anthracite —23.6 Paleozoic
17 Yongweol (Yongweol Mine) Anthracite —23.5 Paleozoic
18 Kangneung Coal shale —19.7 Paleozoic
(Chiastolite bearing)
19 Boeun(Jinsan) Coaly shale —16.3 Precambrian(?)
Toro
!
,l —._ M ——— ]
I} -10 -15 -20 -5
) 513 C (%)
l’ Fig. 6 6°C distribution diagram of carbonaceous
< . . 15 matter from the Taebaegsan coal field (black)
N . I:\\ 'l and the Okcheon metamorphic belt (white).
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Fol A42sHE W49 A9 s vz
Hasori Chubu tunnel Majonri A8 BEWEREST FEEA 2 dASAR G o

Fig. 5 6°C variation of the metasedimentary rocks
from the Majonri to Hasori in Okcheon meta-

morphic belt.
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Fig. 7 Analytical data for calcite from limestone and
vein calcite. The data suggest the different
source of carbon.
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Table 5 Depositional environment of carbonaceous sediments in the Okcheon geosynclinal zone and the

Taebaegsan Basin.

Okcheon Geosynclinal Zone

Taebaegsan Basin

Associate rocks: fine grained carbonaceous black
shale. Black slale, tillite (Turbidite?) limestone,
chert

Coal shale, conglomerate, lithic sandstone, reddish-
shale

No land plant fossil and animal fossil(Toxic
environment)

Relatively high content of U. 78~1, 563ppm
(average 200~250ppm)

Many land plant fossils.

Low content of U 5~10ppm
(Lee et al., 1983).

818C=—15.2~—26. 1% (aver. —23.5%)
Reduced environment (off shore)

Marine epicontinental environment

¥C=—19.7~—23.9% (aver. —22,5%)

Oxidized environment near shore. Fluvial,
Lacurstrine(Lee et al., 1983).

Terrestrial transition environment.

dE doln 2o A BTRE
A

&JIIWW-J FHEZETE BLEEIA Mo 59 &

L9 37 —KkWye 2 Y, REWS BEH

HH F BRIER 3¢ ZXRkWes BE MK
A A wEEte EYEl -=Ee] Eibrl o] F01R A
o2 df4gdch. HEIEAEC urano-organic complex
o] A uraniniteft = glow BEIERA Y #EES

E 22¥F 9 remobilizatione Q1A = A 9Egtc}.

% =

D SHEe WIBEREY BRERED RE—3
dAcd ol ERol Tt ko] o %3 Hik 9 K
{LBEY MRl Wol W23l BHd EHse o
H Fd =8AE nEY AT $Setge] £y
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