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ABSTRACT: Occurrence features and geochemical characteristics were investigated for uranium ores distributed
in Suyoungri area, Geumsan. NE-trending dark gray slate, black slate and green gray slate are developed in the
study area, and uranium ores occur as three sheets of coaly slate with 1 ~ 3 m thickness interbedded in black slate.
Coaly slate commonly shows disturbed or brecciated texture, and contains thorite, thorutite, ekanite, coffinite, and
uraninite for uranium minerals. Wide range of major element ratios and geochemical characteristics of trace
elements suggest that coaly slates are a mixture of sediments of both igneous and sedimentary origin. Dark gray
slate, green gray slate and black slate show compositional characteristics of sulfide-absent or poor reducing
environments, while coaly slate shows sulfide-abundant reducing environments. Noticeable concentrations of trace
elements such as U, V and Mo, relative enrichment of Eu and depletion of Ce, and high U/Th ratio in coaly slates,
suggest that uranium mineralization in coaly slate seems to have been influenced by submarine hydrothermal
activities.
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Fig. 1. Geologic map of the Suyoungri area.

(Cheong et al., 2003) 2} 9-2h53E5(Lee, 2011)0]
A eof ket 2ol7} gliz SR ekt A Riol
gt A== A7 ast Aot ojo &
TN SHAYH AR SeEgstol s
she Ak B4 499 Auiel 4, A7)
a4 9 Aofely] B4 uEho R Sebrgelate
o) 542 sjelsha} shc

FAF

o

!

2. K& o

0

2.1 X[&

ATAGE YPTAY e FAZ B4 5
Geol o), HEAo R 29| 361125, 57

127°2420" ¥:52e]) $IxI3eh, ATA AL EsHe
T B4l Ak A QAo 51
B AR AEE ] Syl SgatchLee
et al,, 1980). A TR H7FEoly] rteks
2 71ueko = AthulAk 2 Abe WA okt u)
o7 Sero.2 sl GeHaH 1),

A7 Aris Hmge] F2 FExsks o
= ofeloll A QMo 2 Bl HB, SAHB,
Jen SR E TE 2S5 glom He)
T2} Eglo] 2 weska glek. el T}
ZAHBLL ATAS FYR} FER W=
of BEsht BaYHAel FAH SR
A ThE ueath o A4S ek Lim ef
al. (2006)°] o}t 5 AL W 579 vl EZo]
AFH 3L, BARAE 7] 433} EAER Hot
£ Alulape] SsagRere] Wakshsd] T
A ARE R 8h52] ol 8gto] B,

FHUHBLL ATA S FRo] HEYFY
F9E 7P SARBYT} A DESHEA LE
s, A A 0.2 SAETeLT GAR BETS B
IR ERER S BT SR REREENE)
HEA] e AARE MAITHIY 2A). A, B
7hETH BER BRI, SUA, 244 9 A
o FE4o] 4ubel 3, Y4 Ao s Bt
Y 3A). o] dpo 27Fme] HGAHo] Bty
o ST ol M o] B %
G, Qe BTt SEHet] 3
49 Reol Az e mo| Fapol kobd %
QMY THE  Hmrel vl ofFe AR Bal



=t $He| Petadsitlel XE R Xty S 233

THZE 2B). SRt o= o 5330 &5
Y ¥y 280 o] UL, oA Yol A
T27F L B2 wEhA] EAS ke A Y
o) Wi}, wlgmol Hojo] 22 FEE L, A
A, RS 9 A% F22e BN 0] A
HoH 29 3B, C). o2 F AHuetof v|sfiA 8iA v
Ehbs S3ERY2 AFAT BA R E25t
=tl(29 20), Aige] gzt wlewnrt 5 o|F
o, 259 A o] e=utEth( 11 3D).

o] ol EAtgFo 2 sl Aol woly)
AHdgtdo] AR FF et FA R A TEE
=UI(2E 2F), ol52 A 9F, AP E Ao 2
T FES o1FaL, A7 54} FH Ao 5=
HrElch

ATA G| FAR AL IAV|E FTAHEE S
A getal S| Teto] EEsH= FYH 370
2o A AqtRe] JuSo] FEHL o] 52 X F9]
FoFat gk N40~60°EQ] Wk 7HAn &
GSHE wetbA] g5l wdsta o] w2 gt
S o] Tt AA T HEe-2 thA = N50~
70°E S8t 40~70°NW ] AR Koy E55
SARIAN NN = X Fo] netE EFo] BEE
o FI42 FE FEHRY ST B A

A PEE = 552 SR EST &
ARG RS HojE.

22 PEhE Y

ATA Y fehe Al SAET Well T4
o] F5 o|FL 9= ©oa FEE F=
Holok. S S et vl @A3] of = A
= WAl QlojA] Ste R vlny A FEEHIL =
3 BAS e, ST oA = et
A st 7 aREAY 4Eet | S4S
Hol7]k YeH(1H 2D, E). A7A[Goll= 3] 3
A7E SAETAH AN EEgF o WSk of
1~3 me] FA12H1 km 7hFe] G5 KRl 3]
S wEh el AEA T WA= Eshy ols
T AF= A ZAs R AR dEA 9
o A= SEEAY o] A L AR 49t
Ao} Qloj A Wi A2 -2 =7hs e 3H
olck.

ST A Eeto] wis| thge] BEE
A3 H=o] 49 R A9 AbEo] Al Wi
o, 5UA, el o] R 53], 1 mm
Hele] F 7He Aese] $5 #EEed ols
< F2 4G Y, F2 5L R AN &

e | -

Fig. 2. Outcrop images of various rock types from the Suyoungri area. (A) dark gray slate, (B) black slate, (C) green
gray slate, (D) coaly slate (Co) in sharp contact with black slate (Bk), (E) coaly slate showing brecciation texture,

(F) acidic dyke.
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Fig. 3. Photomicrographs of slate samples from the Suyoungri area. (A) dark gray slate showing foliated texture
consisting of muscovite and quartz, (B) black slate consisting of muscovite, coal materials, and quartz vein, (C)
quartz vein containing pyrite in black slate, (D) green gray slate consisting of fine-grained muscovite and quartz,
(E) coaly slate consisting of coal materials, quartz, and pyrite. (F) reflected microscopic image of coaly slate showing
pyrite associated with quartz.
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Table 1. The concentration of major elements in samples (wt.%).

e\ s iy

= 1 u

Sample SlOz A1203 TlOz F6203 MgO CaO Na20 Kzo MnO P205 LOI Total
Dark gray slate

BS-1 6532 16.79  0.81 5.20 2.55 0.43 0.37 4.28 0.02 0.14 373 99.64
BS-11 80.03  8.26 0.44 4.00 3.06 0.17 0.17 1.20 0.02 0.12 242 99.87
BS-12 62.11 18.81 1.00 4.22 3.44 0.06 0.86 4.70 0.02 0.08 4.60  99.88
BS-31-6 7424 11.15  0.52 4.80 2.69 0.13 1.28 2.31 0.02 0.11 2.64  99.88
BS-64 67.03 14.05 0.53 7.87 3.99 0.01 0.08 3.08 0.02 0.11 4.65 101.42
BS-66 60.07 1839  0.66 9.30 3.84 0.03 0.28 3.15 0.09 0.01 523  101.06
Black slate

BS-21-1 6429 1647  0.60 4.96 2.40 0.07 0.76 3.79 0.02 0.03 639  99.78
BS-21-3 66.99 1588  0.55 4.27 2.05 0.09 1.21 3.59 0.02 0.05 497  99.66
BS-24 63.63  20.04  0.69 4.00 1.28 0.05 0.48 5.08 0.01 0.03 4.57  99.85
BS-29-6 61.18 18.75  0.57 5.46 2.31 0.09 0.52 4.62 0.02 0.05 6.10  99.66
BS-68 6630 17.77  0.65 2.76 1.88 0.06 1.05 4.02 0.02 0.01 6.42  100.94
BS-73 68.62 1646  0.71 2.39 1.52 0.01 0.20 4.14 0.01 0.01 6.52  100.60
Green gray slate

BS-63 86.19 542 0.26 2.46 1.45 0.14 1.30 0.36 0.01 0.08 1.32 99.00
BS-69 7943 798 0.36 5.90 3.56 0.06 0.02 0.95 0.02 0.07 3.01 101.36
Coaly slate

BS-25-2 5942 13.12  0.88 1.49 2.88 1.89 0.23 3.44 0.03 044 1542 99.25
BS-26-2 59.46  9.73 0.57 1.81 5.02 0.87 0.19 1.88 0.02 0.57 19.83  99.95
BS-26-3 4729  5.19 0.36 1.15 0.85 0.43 0.06 1.20 0.01 033 4190 98.78
BS-29-8 65.70 16.17  0.45 1.13 0.90 0.04 0.42 4.45 0.01 0.02 1042 99.71
BS-30-2 5325 1652 052 9.80 1.25 0.04 0.14 4.98 0.01 0.05 12.52 99.08
BS-31-1 3329 7.5 0.49 431 1.42 0.95 1.68 0.46 0.01 0.54 4897 99.28

Element Wii%e) AL(%6) Element WE%) At{%6) Element Wi(%%) At(%6) Element Wi(%6) Ab(%6)
u 71.00 17.07 u 4202 6.65 u 4176 8.29 u 7878 3130
Si 747 1521 Si 11.84 15.88 Th 373 0.76 Th 6.32 258
Th 242 0.60 Th 3.59 0.58 Ti 34.24 33.97 Pl 403 184
Ti 0.52 0.62 Fe 10.01 6.76 Ca 153 1.80 o] 10.87 64.28
o 18.60 66.51 Cr 397 2.88 o] 18.75 55.38

9] 28.57 67.26
Total 100.00 Total 100.00 Total 100.00 Total 100.00
Thaorite (Th,U)Si0s Ekanite  (Ca,Fe)z(Th,U)(Siz0za) Thorutite  (Th,U,Ca)Tiz(O,0H)e Uraninite UOz

Fig. 4. Back scattered electron images and chemical compositions of uranium minerals from the Suyoungri area.
(A) thorite, (B) ekanite, (C) thorutite, (D) uraninite.
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Table 2. The concentration of rare earth elements in samples (ppm).

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (La/Yblx EwEu Ce  SUM
Dark gray slate

BS-1 5781109126 642 7.1 13 75 09 51 10 3.0 04 28 04 21 0.8 -0.07 275.0
BS-11 174 354 40 209 26 05 32 04 27 05 17 02 16 02 1.1 0.8 -0.06 91.4
BS-12 7481394150 77.1 69 12 7.0 08 41 08 26 04 27 04 28 0.8 -0.07 333.1
BS-31-6 29.6 57.9 6.6 341 39 08 44 06 33 06 20 03 19 03 1.6 0.9 -0.07 146.0
BS-64 342 619 69 350 47 08 52 07 33 07 22 03 24 04 1.4 0.7 -0.08 158.6
BS-66 255 495 5.6 287 39 09 39 05 25 05 16 02 16 03 1.6 1.0 -0.07 125.1
Black slate

BS-21-1 37.1 71.4 86 435 51 1.0 52 07 38 07 24 03 24 04 1.6 0.9 -0.08 182.5
BS-21-3 324 614 73 368 42 09 44 06 3.1 06 19 03 19 03 1.7 0.9 -0.08 156.0
BS-24 351 644 7.8 389 43 1.0 41 05 28 06 18 03 19 03 1.9 1.1 -0.09 163.6
BS-29-6 26.1 482 59 298 40 1.0 37 05 27 05 18 03 18 03 1.5 12 -0.09 126.4
BS-68 324 59.8 72 361 52 1.1 48 06 26 05 18 03 21 03 1.6 1.0 -0.09 154.8
BS-73 257 56.1 64 338 53 12 52 07 32 07 21 03 21 03 12 1.0 -0.04 143.2
Green gray slate

BS-63 188 36.7 4.1 212 27 05 3.1 04 18 04 1.1 01 1.0 02 1.9 0.7 -0.06 92.1
BS-69 257 462 6.1 29.6 48 08 59 09 48 1.0 29 04 27 04 1.0 0.7 -0.10 1323
Coaly slate

BS-25-2 45.0 81.3 10.0 514 125 58 69 10 6.1 14 44 06 38 06 1.2 2.8 -0.10 230.8
BS-26-2 454 872 9.5 50.8 139 73 58 0.7 44 10 3.1 04 25 04 18 3.5 -0.07 2323
BS-26-3 48.1 747 84 455 78 3.0 88 14 100 25 81 1.1 63 08 08 1.6 -0.14 226.6
BS-29-8 31.3 535 7.1 350 5.1 13 48 06 33 07 21 03 21 03 1.5 12 -0.12 1475
BS-30-2 82.0102.6 189 84.2 149 50 114 14 75 16 51 07 43 07 1.9 1.7 -0.24 340.2
BS-31-1 327 572 63 342 39 08 48 06 33 07 21 03 18 03 1.8 0.8 -0.10 148.9
Ce =log(3Cen/(2Lax+Ndy).
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Table 3. The concentration of trace elements in samples (ppm).

Sample Sc Ti \Y Cr Mn Co Ni Zr Mo Th U TOC (wt.%)
Dark gray slate
BS-1 13.4 8109.2 106.8 68.6 2453 13.1 39.5 98.2 4.1 20.6 4.2 0.15
BS-11 10.0 4351.0 39.2 99.7 158.0 6.5 19.3 31.4 33 10.1 1.8 0.15
BS-12 143 9988.4 1342 1249 1604 32 8.4 189.9 1.1 28.0 4.7 0.67
BS-31-6 10.0 5153.1 629 1333 1959 6.9 22.1 18.2 2.1 14.6 2.9 0.05
BS-64 84 53052 49.1 89.3  229.0 2.1 5.8 238.4 7.8 21.2 5.2 0.32
BS-66 16.3 6580.8 106.2 126.3 862.9 7.6 214  161.2 2.1 13.8 2.9 0.46
Black slate
BS-21-1 17.0 5970.3 3458 169.6 2122 6.3 16.5 1265 122 13.3 94 2.52
BS-21-3 142 5537.2 3313 1979 207.8 6.9 22.2 94.0 14.0 7.4 3.7 2.07
BS-24 18.8 6855.0 143.8 142.5 113.6 1.4 2.2 123.1 3.9 12.2 2.5 0.72
BS-29-6 20.3 5677.1 168.5 1482 201.0 12.6 315 1122 5.7 9.1 34 1.44
BS-68 18.0 6517.7 359.6 151.8 168.6 2.0 123 1395 1.2 14.7 3.1 2.90
BS-73 20.3 71264 340.5 200.1 121.6 2.1 5.0 147.1 5.6 12.5 2.1 2.73
Green gray slate
BS-63 29 25851 215 96.0 1283 42 13.7 102.8 7.2 8.5 3.7 0.05
BS-69 33 35612 37.8 113.1 2329 8.1 28.1 126.6 0.5 10.7 2.3 0.03
Coaly slate
BS-25-2 12.9 8824.3 2055.1 287.8 339.2 1.4 72.7 10.0 71.6 12.9 82.5 9.55
BS-26-2 14.1 5661.1 1101.4 203.3 165.3 0.8 76.5 13.8 40.6 10.7 22.6 13.10
BS-26-3 10.0 3632.8 2628.0 134.0 60.1 0.8 36.7 10.0 1622 10.2 61.9 42.58
BS-29-8 19.8 45432 3852 1754 554 0.4 2.7 101.3 259 7.5 2.2 8.23
BS-30-2 19.6 5227.6 9485.6 7289 80.3 2.6 514 1052 1440 143 11.1 6.05
BS-31-1 10.1 4876.0 5622 171.5 115.0 1.5 109.1 10.0 4272 7.4 25.1 48.61
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Fig. 5. REE patterns normalized by NASC (North American Shale Composite) for (A) dark gray slate, black slates,

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
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Fig. 7. Concentrations of some redox-sensitive elements (V, Cr, Mn, Co, Ni, Mo, Th, U), as well as Sc, Ti and Zr
for (A) dark gray slate, black slates, and green gray slate, and (B) coaly slates. The values were normalized to NASC
(Gromet et al., 1984), except V (Degens et al., 1958) and Mo (Wedepohl, 1974).
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Table 4. Trace elements index in anoxic environment (according to Yarincik (2000)).

Sedimentary Anoxic environment . Suyoungri area
environment Oxygen-rlch Dark gra Black Green gra Coal
indicators Anaerobic Oxygen deficient environment slatge Y slate slatg Y slatey
V/(V+Ni) >0.54 0.46-0.60 <0.46 0.67-0.94 0.84-0.99  0.57-0.61 0.84-0.99
V/Cr >4.25 2.00-4.25 <2.00 0.39-1.56 1.01-2.04 0.22-0.33 2.19-19.61
Ni/Co >7.00 4.00-7.00 <4.00 2.65-321 1.52-6.04 3.28-3.45 6.41-101.02
U/Th >1.25 0.75-1.25 <0.75 0.17-0.24 0.17-0.71 0.21-0.44  0.29-6.38
AUV >1 <1 0.67-0.84 0.67-136  0.78-1.14  0.94-1.90
YAU = U/(0.5%(U+Th/3))
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Fig. 8. Correlation between TOC with U, V, and Mo contents for slates.
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Fig. 9. Selected minor elements-Al,Os variation diagrams for slates.
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