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Geochemistry of Uranium and Thorium Deposits
from the Kyemyeongsan Pegmatite

Maeng-Eon Park* and Gun-Soo Kim**

ABSTRACT : Economic U-

and Th-bearing pegmatite deposits occur in the Kyemyeongsan Formation, and are spatially

closely associated with the Carboniferous alkali granite. The pegmatite is lithochemically alkaline and peralumious, and
consists mainly of potassic feldspar and quartz with allanite and U- and Th-bearing minerals. Paragenetic stages of min-
eralization in the pegmatite are divided as follows: early silicate mineralization, main rare metal mineralization, and late
silicate mineralization. Thorite, euxenite, fergusonite and uranpyrochlore are the predominant U- and Th-bearing min-
erals. Both the enrichments of Nb, Y, Th, U, and Ta and the depletions of Hf, Ba, and Rb in the pegmatite were result-

ed from magmatic differentiation. The increases of Na and Ca in uranpyrochlore, of Th and U in fergusonite, of Si, Th

.

U and Pb in thorite, and of Nb and Y in euxenite were possibly resulted from both later internal fractionation and hy-
drothermal alteration. The variation of chemical composition in a mineral species reflects the different pysico-chemical

conditions during the crystallization.
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Fig. 1. Photographs of the Kyemyeongsan pegmatite. A;
Photographs of pegmatite vein (light part at center). B; Typ-
ical high-grade ore containing thorite, fergusonite, euxenite
and uranpyrochlore (dark gray) associated with K-feldspar.
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Table 1. Chemical composition of pegmatites in the
Kyemyeongsan Formation.

. U and Th rich
Rock Type Barren pegmatite pegmatite*
SiO, 64.14 64.45 65.77
TiO, 0.02 0.01 0.01
AlLO; 19.01 18.19 18.20
Fe,0;* 0.29 0.19 0.25
MnO 0.01 0.01 0.01
MgO 0.02 0.04 0.06
Ca0 0.05 0.03 0.04
Na,0 1.77 213 234
K:0 13.04 12.76 12.59
P,0s 0.01 0.01 0.01
LOI 0.78 0.73 0.65
Tatal 99.11 98.55 99.93
Ba 738.00 558.04 570.53
Rb 405.00 25222 282.93
St 31.00 24.26 30.27
Cs 0.41 0.49 0.47
Ta 1.09 0.15 8.61
Nb 235 1.20 32.08
Hf 1.43 0.98 1.11
Ir 15.00 13.01 11.05
Y 12.98 9.67 33.90
Th 6.00 4.02 17.93
0) 235 1.19 8.97
Cr 4.23 475 6.43
Ni 0.05 0.09 0.62
Co 43.68 46.75 48.83
Cu 1.88 1.98 2.00
Pb 271 2.76 2.77
Zn 3.09 3.88 4.90
La 3.14 152 13.48
Ce 726 295 34.91
Pr 1.20 0.56 5.22
Nd 0.45 3.04 22.56
Sm 2.03 0.79 5.62
Eu 0.10 0.08 0.46
Gd 323 1.07 527
Tb 0.54 0.22 0.97
Ho 0.89 0.30 1.26
Er 235 1.05 4.34
Tm 0.32 0.15 0.50
Yb 1.74 0.96 331
Lu 0.19 0.10 0.40
(Ce/Yb)y 1.08 0.79 2.73
Eu/Eu* 0.12 0.27 0.26

Total Fe as Fe,Os; major elements in weight percent; minor
and trace elements in ppm.
* not include of the U-Th mineral parts.

AgAr #antelol 29 Si0,, K0, Na, ALO, ¥k
(Wt.%)& 22} 64.14~65.77, 12.59~13.04, 1.77~2.34,
18.19~19.0124 A4S FAE AgFe g
sherel stehay (AN 5, 1998)¢l Hlel K 2 Ale)
ol 58] wo) B4 P48 &L slanieo|e
(barren pegmatite)®= 3 U-Th #E-& ulsls o) an}
Elo]Eof W3] FAE 949 e #izl= glov, Nb,
Y, Th, U, Ta 9 REE 59| w|ZFAHE & thA 3550 gl
i, Zr, Hif, Ba, Rb 52 Y3 AY e ake Jehul
o 3 dEAo® 22 2AEE bavlee|Ex A3
EF 94 AJEo] 542 cg Haltol 9192 o 4 9
t} (Table 1).
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A A onlelo] B e §ru| 2 Wol Agke] Halg B
A< vehdth (Fig. 3). slamelo] E9) 48 wsto] o}
€ JERYE (REE)Q X %4e Fig. 49 2t} A%
REE &2 oo ARA 294 $heshe o anket
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tite) £ 2 A€} E8, s arjelo]Ee] REE sEl
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she shileh 719le) WAYE, Yl st 2 sa9
& A Bo T Aol wl$ fAlSIT (ahel, 7)
T, 1995; AAA 5, 1998).
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Fig. 2. Plots of Na,0+K,0 vesus SiO, (after Irvine and Bar-
agar, 1977) for the Kyemyeongsan pegmatite.
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Fig. 3. Temary Rb-Ba-Sr diagram for the Kyemyeongsan
pegmatites (after Bouseily and Sokkary, 1975). 1; diorite, 2;
granodiorite and quartz diorite, 3; anomalous granite, 4; nor-
mal granite, 5; strongly differenciated granite.
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Fig. 4. Chondritc-normalized (after Boynton, 1984) REE
patterns for the Kyemyeongsan pegmatites, and allanite vein
(after Park and Kim, 1995) and alkali granite (after Kim et
al., 1998).
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Fig. 5. Paragenetic sequence of identifed minerals in the
Kyemyeongsan pegmatite.
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Fig. 6. A; Back-scattered electron image (BEI) of U- and Th-bearing minerals. A; Coarse-grained euxenite (ex) showing
minute fergusonite (fg) inclusions. Thorite (tr) and uranpyrochlore (up) are closely associated with euxenite. Late silicates
(black) replace the marginal part of euxenites. B; Lenticular-shaped fergusonite (fg) in euxenite (ex) matrix, showing irregular
hydrothermal alteration. C; BEI-photomicrograph showing discontinuously zoned euxenite. Note that the light part is more en-
riched in Nb and Y contents. D; Subhedral uranpyrochlore (up) in microcline matirix, showing hydrothermal alteration along
grain boundary and fractures. Thorite (tr) is closely associated with uranpyrochlore.
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SRS ol%v&?é l Z}L GHHH—;_T e §L %x}ﬁ«l
Foleoz FAE e dAFLR sl BEIARE
oA Bhe Mg mA, A4 o) Ak PRt v
FEel Pl 55 wet e St 23& et
Witk 53, Th, U 3 Yol &l <jafl B Aol & F

o] vehdth. Nb, Th % U ‘:4 &g v R3lo] vl
Nd¥ Pb7t R, ol5 94 A& ojs) 1-8A4]
gl FasA Bkt (Table 2). shezAde] w3z}
W Y2 2647~30.21 wt.%, Nb& 37.09~39.94 wt.%
2, U+The 2.22~6.78 wt.%= ¥ 4% (BEI L=
Apol)ell whet bt FEpsks vekict. 59, v
7h w2 S Y gl s, AR 92 (Th, U)e

‘%_7],—3]_%:_ AsES "}EPTH_K]‘ (Flg. 6B).
FHLO0IE

ABOse] FEEA dutzlog A Alo|E= F& Nb,
Yo = 14=H, B Al]EE Ca, Si, Th, U, Nd 522
TR AR gL BRI FUTRE FAst
™, oAl WHIEE HaFEt}h Nbd Y| o] 1
FE BEIA 8A Uehdy, o] ¢ BEX e A
© 2 Th Si $3e] =t} (Table 3, Fig. 6A, 6C).

fEHO|IZER=

Nbe] F98R1 A g2 vus 9o oo ey
< A3} (U: 18.23~19.46 wt.%). Nb (BT 35 wt.%)
olelol] Azol S (HHF 253 wt%) L Ti (HIT 4.76
wt.%)7t 55T, Na9} Ca e WA ool wha} v)
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