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Lithologic and Structural Controls and Geochemistry of Uranium Deposition
in the Ogcheon Black-Slate Formation

Dai Sung Lee, Suckew Yun, Jong Hyeog Lee and Jeong Taeg Kim

Abstract: Structural, radioactive, petrological, petrochemical, mineralogical and stable isotopic
study as well as the review of previous studies of the uranium-bearing slates in the Ogcheon sequence
were carried out to examine the lithological and structural controls, and geochemical environment
in the uranium deposition in the sequence. And the study was extended to the coal-bearing formation
{Jangseong Series-Permian) to compare the geochemical and sedimentologic aspects of uranium
chemistry between Ogcheon and Hambaegsan areas. The results obtained are as follows: 1. The
uranium mineralization occurs in the carbonaceous black slates of the middle to lower Guryongsan
formation and its equivalents in the Ogcheon sequence. In general, two or three uranium-bearing
<carbonaceous beds are found with about 1 to 1. 5km stratigraphic interval and they extend from
Chungju to Jinsan for 90km in distance, with intermittent igneous intrusions and structural
disturbances. Average thickness of the beds ranges from 20 to 1,500m. 2. These carbonaceous slate
beds were folded by a strong Fi-fold and were refolded by subsequent Fi-fold, nearly co-axial
with the Fi, resulting in a repeated occurrence of similar slate. The carbonaceous beds were swelled
in hing zones and were shrinked or thined out in limb by the these foldings. Minor faulting and
brecciation of the carbonaceous beds were followed causing metamorphism of these beds and
secondary migration and alteration of uranjum minerals and their close associations.
rich zones with high radioactive anomalies are found in Chungju,

3. Uranium-
Deogpyong-Yongyuri, Miwon-
Boun, Daejeon-Geumsan areas in the range of 500~3,700 cps(corresponds to 0.(017~0. 087%U).
“These zones continue along strike of the beds for several tens to a few hundred meters but also
discontinue with swelling and pinches at places that should be analogously developed toward
underground in their vertical extentions. The drilling surveyings in those area, more than 120 holes,
indicate that the depth-frequency to uranium rich bed ranging 40~160 meter is greater. 4. The

features that higher radioactive anomalies occur particularly from the carbonaceous beds among the

argillaceous lithologic units, are well demonstrated on the cross sections of the lithology and

radioactive values of the major uranium deposits in the Ogcheon zone. However,
radioactive zone is found in a Fornfels bed in Samgoe,

thermal metamorphic effect by which original uranium

one anomalous
near Daejeon city, This is interpreted as a

contents in the underlying black slate were

migrated into the hornfels bed. 5. Principal minerals of the uranium-bearing black slates are quartz,

sericite, biotite and chlorite, and as to chemical composition of the black slates, Al:O3; contents

appear to be much lower than the average values by its clarke suggesting that the Changri basin

has rather proximal to its source area. 6. The uranium-bearing carbonaceous beds contain minor
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amounts of phosphorite minerals, pyrite, pyrrhotite and other sulfides but not contain iron oxides.

Vanadium. Molybdenum, Barium, Nickel, Zirconium, Lead, Cromium and fixed Carbon, and some

other heavy metals appear to be positive by correlative with uranium in their concentrations,

suggesting a possibility of their genetic relationships. The estimated pH and Eh of the slate suggests

an euxenic marine to organic-rich saline water environment during uranium was deposited in the

middle part of Ogcheon zone. 7. The Carboniferous shale of Jangseong Series(Sadong Series) of

Permian in Hambaegsan area having low radioactivity and in fluvial to beach deposits is entirely

different in geochemical property and depositional environment from the middle part of Ogcheon

zone, so-called “Pibanryong-Type Ogcheon Zone”.

8. Synthesizing various data obtained by several

aspects of research on uranium mineralization in the studied sequence, it is concluded that the

processes of uranium deposition were incorporated with rich organic precipitation by which soluble

urany! jons, U,** were organochemically complexed and carried down to the pre-Ogcheon sea

bottoms formed in transitional environment,

from Red Sea type basin to Black Sea type basin.

Decomposition of the organic matter under reducing conditions to hydrogen sulfide, which reduced

the UO;*? ions to the insoluble uranium dioxide(UOs), on the other side the heavy metals are

precipitated as sulfides. 9. The EPMA study on the identification of uraninite and others and the

genetic interpretation of uranium bearing slates by isotopic values of this work are given separately

by Yun, S. in 1984.
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Fig. 1 Geologic map of argillaceous sediments(Guryongsan formation) and its adjacent rocks in
the middle part of Ogcheon zone.
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Table 1 Stratigraphic sequence of Ogcheon zone.

System Formation

Rocks

Ogcheon super-group Myeongori Fm.
Geumgang limestone Fm.
Hwanggangri Fm.
~~~Unconformity—~~~
Guryongsan Fm.
Hwajeonri Fm.
—Relatiou unknown——

Joseon super-group Wungyori Fm. (intercalation
with Midongsan quartzite
Fm.)

Chiefly gray to dark gray phyllite & chlorite schist
White crystalline dolomitic limestone
Pebble bearing calcareous and/or pellitic phyllite

Black slate, graphite & coal bearing phyllite

Limestone, calcareous slate

Psammitic meta-sediments, (thinly black phyllite
& crystalline limestone)
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Fig. 5 Metamorphic processes of the calcareous beds
intercalated in black slates.
L: limestone, S: slate, A: amphibolite
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Photo 1 Boudinage structure in the alternation of
black slate and limestone beds having been
slightly metamorphosed into amphibolite
along the boundary, near Manmaru village,
Hoenam.

Photo 2 Metasomatic alteration of limestone beds
into amphibolite facies, near Manmaru
village, Hoenam.
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Photo 3 Folded quartz veins in black slate of
Kuryongsan formation, near Chogokri
village, Hoenam.

Photo 4 Intricated folding in carbonaceous black
slate of Kuryongsan formation near Nam-
daemoonri village, Hoenam.
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Table 2 Mineral composition of rock units from Ogcheon zone.
. phyllitic arenaceous rock black slaty rock
rock mineral rock
| ser. sch. hornf. blk sl hornf. coaly sh. coal
quartz H# it R H#t + +- +
sericite it i H it 4 H H
biotite H# it HH + H — -
chlorite +H- + - + H - -
tremolite — — — — — Sy _
hornblende — — i — e — —
microcline — — — — H — —
clinozoisite — - H — H — —
cordierite +H — — — H H —
apatite + + + + H H- —
tourmaline + + + + Ty — —
sphene — — * — _ + _
zircon + + + + H + —
magnetite + + + + + + +
hematite — — + _ -+ 4 +
ilmenite -+ + + + + + +
pyrite + + + + + + +
chalcopyrite + + + + + — —
clay - ~ ~ + - +#+ +
U-mineral — — — - 1+ ++ TR
V-mineral — — —_ — — TR 4
Ba-mineral — — — - — T o
coal(graphite) — — — H+ — # | i
ave. radioactivity(eps) | 12010 | 130~150 170~190 | 190~300 | 200~600% | 600
tit : very much, # : much, 4 : some, + : little, — : absent,
* [ partly 2200~2400cps.
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°F A=B IS FHH (A 3,4) e TRt
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Fig. 7 Cross sections of lithology and radioactive
values of the major uranium bearing fields
in SW Ogcheon zone.

1: Phyllite, 2: Sericite schist, 3: Black slate,

4: Coaly black slate, 5: Limestone, 6:
Hornfels: M: Mokchi, G: Gdnchonri, Y:
Yomchijae, N: Namdaemunkyo, B: Bongwh-
angri, K: Kiltang, D: Daeanri, Da: Darakgol,
Ka: Kamokjong, Ch: Chubu tunnel, Ma: Ma-
jonri, J: Jolgol, Mu: Maeumdong, Mn:
Maninsan: Jn: Jindori, Bt: Batangkol, S:

Sinchon
o 2475 UsOs2 872.6ppmol FHHol e Ao
2 vehdd,
WAAYG, E-FEAY, dE-FAA] G A AA

@ A FlA 829 AFR R HASA (cpsBA)E
A TAw 2d T 2,

29 74 AEAGE A, o 4AE LF &
2%¢ s¥che £ad S5 9499 9 29 7

oA Fg o)A = W 22t = (background) o HlE 9
=3 &4 600cps ol Aql F-Eol dFaet. TH A
oA 200~220cps A%l AL m oA &HAE
o

=gk, AEHs T Ae 44

e HAEA

2 paAd dAH dEEH 2AEFAdS F4
A9 AWy FAAE 200~220cps A=A,
A% 4 FEEAC 98 AEE 800~1200cpsd £
e vdepdd, o E A& meshd 3e-ZAAH A
R Bl A 200~220cpse] FE FRHFEZL o4
2 4% 5 gt

2% 7% Fxstd B AT A4AG 44
g o)A oAd BxAdE bgd Zoh

n.?l’,
4o

YRR o guE FRIALdAclE Fyols,
GRS FEE AAS AR ARFHAY A
e BAF] AT ARNA dEH L AAA ¥
2o ot o] 2L AFE PG, e, o

Q7 B3, 2e-3FRFIAAE AA 2E3FAAAR
A% epde, $RFFRANA FadFade ol
=2y, A8 Ha-89A9, u};ﬂﬂoﬂxm o 3] o] 4]

14 | AAHA ge
S thed e $AE A G F A A

| A AWMEES
H%‘*(cap rock) -2 A A g (shelf rock
inclined) 49%-¢ 3o (Kazumi, D., et. al., 1975)
AA e BB $F}F AZLE FAAZAH=Z #4
=t

1
)
£

o

v

)

22

I‘u!:

_‘Jd

4

N

2,

o

0>«

o
rlr

s
é‘_‘.

=~

id)

o sl
1

214

ol

-

r24

)

b

Ry

& oo
o alo
o

o
Eix 7/4\‘2_?4 li'éi] ‘3%8

Moo fe do pf cR o o
e e
o R
S
S
i fd
o,

o, o
R
N
A
e
L
L
2
N,
2,
3
L
r~{n
_%
&,
SL

o olEl B3 YA
£, Ao 45t AERALL BE Ao
Ak v AAA 2 Ta}wg%—% et g2 gsie



w

FHE ol Bz, 2Fd dulgoz ojFA Hzst
delyd,

AA, 94 oA F2EFL Whou, zd =
€ olERtE 239 F7] WA SeEAFo)

A AR o] FH o] FHAE FAAH
st

Bedts erEo| stayE

SH

2

)
SEE)
&

o & A

ToAA 248 F¢etEden 2
ALA4L, wheld, AF A T4
lel=, BRAZ L olE, ALw %%L,
HETALLAA AAF 124 A=
€+ EHRA(E 3) o]} 294 X
Gl A F7t2 A A2
< EE ¥ 3BAY Az
TAFEHE 9. 2 g
AEEA FA FFZALGTFLAA
Aq g F4 2449 T(1982) 9 u Y
e FAZAATF(1983)9 B4R E Pt
. &S 7—}7—]‘ 2871 ¢ 8 2A AR A& 7 A
e 3%'—"—‘1 HolE 84, AF A 44, xe-o
. /‘"{‘-Z}E. 157 2 Bg w@dAYg 1o
?}ﬂ]/ﬂt’ e FEY ZasdoE 8ol
Age wFALY FHAE B 49
5‘_21' N FHEA Az2A 4 BTEE Ao &g
BFF 2AAT(1980), ¢ FAAY Sw B4
24 471980, SAA $3F FAzAAdTF
(198D, #F A¥2AYG Sy 34 244 7‘(1982)
Rl BEF A9 by 42T Q98 E
FRem o] ABF o] L3le] o] YT "J‘EZ}
4337 (1) = computer program (=33, 1983) A

_\ei:

u’

lm:{m %Jé:‘iwrlﬂ
W e 2
. rlo
do
= W
>~

o
oX
R
o

1
—

2orfe o e e e o S
4!
o,
e

0
)

R A R )
1o oo f .8 o
L

_‘q.

I
ol
rl*f«

o,
&3
A%

o [ oo

THREHREY WSS 2 IR BlRe

33
ol Jef A Agsge 4 Az FAL 2L 0Py
ol #AA Zlestd et 2o,
ety sdlols | E 49 FHE 4] A

E 480 A Fo FHE AFEY $3 w9= o
3zt SiOs: 25.52~85.45%, AW 58.4%2A
AA £dolE HFA 58.10% (Clarke, 1924)o] 7
QA Gt oo A A ALOs: 4.12~20.79% 2 BT
12.71%°15 AA S AQ FFA<Q 15.40% 12T} 2.69%
Ur wom Fe05% 0.30~17.60%%, H3 144024

A ALHF 4. 04% 27} 2.6%7 ®x, CaO+MgO

= 0.85~10.09éi, FT 2.86%% AA ALY FF
5.55%3 c} 2.69%7}F ok,
Ke:0+& 0.26~5.42%, AT 2.81%°]= AA A4

8 BE3.24% B} 0.4% 23 NaO& 0.02~8.76%,
BT 1 14%2 AAQ ALY FF 1.3%2 0.16%
7b Wb K09k Na;Ostel slagAl & duka 433

[
7a 2

Fig. 8. Frequency distributions of four major compo-
sitions for Ogcheon zone black slate and
Clark’s average slate and shale.
1: Paleozoic slates(Clark’s average shale,
1924), 2: Ogcheon zone black slates

Table 3 Chemical analyses of black slates and limestone for major elements (wt. %).

| $10; | TiO, | ALO: | Fes0s | €20 [MgO [MnO .0 [Nas0| P:0s| {9 |89 |0, [ S05 | Rock Name
14-03 | 66.88 0.075 1.53 0.58 25.73| 2.31] 0.174 1.09/ 1.26 0.06 0.10[ 0.50 —| —| Limestone
14-12 | 55.09 0.075 2. 36| 2.50; 20.43! 16.19, 0.057| 1.58 1.23| 0.09/ 0.10! 0.49] — J Limestone
13:09 | 70.71 045 | 13.16 596 135 276 0.156 2,18 2.2 0.27 0.1 L0l —| — Ser. Schis
115 | 71,61 0501 1401 1701 102 1.47)0.03 | 5,18 3.21 0.16 0.20 114 — — gray slate
LL-L1 | 69.11 0.60 | 16.44 1.88 0.68 216 0.117 2.13 2.17] 0.2 0.17] 135/ 3.11 | bl slate
12-06 | 71.95 0.474/ 10.31 5.4 0.34) 1.49 0.051/ 3.15 1.15 0.23 0.65 1.64) 3.57 blk. slate
14-11 | 67.39 0.60 | 15.46 1.50| 0.73] 2. 131 0.027) 3.20| 3.15 0.25 0.23) 1.49 3.09, —| blk. slate
14-01 | 66.40] 0.501] 15.81) 2.35] 0.90| 1.79 0.066| 3.61] 3.13 0.23 0.21| 1.70 3.720  —| blk. slate
13-05 | 66.55 0.60 | 12.61 0.90| 0.23] 1. 021 0.015/ 4.28| 5.45/ 0.13| 0.51 1.57| 6.63] — coaly blk. sl.
15-10 | 63.96, 0.474! 12.89, 1.35/ 1.19| 1. 74:| 0.039) 3.15| 2.88 0.21] 0.21] 1.14| 6.84 2.98 coalty blk. sl.
14-08 | 47.18 0.501 17.05] 7.83| 1.35| 4.47] 0.057| 4.37| 2. 15| 0.42] 0.24) 2.60| 8. 61| 2.18 coaly blk. sl.
15-05 | 61.72) 0.45 | 19.57) 2.68) 3.56 275 0.135 3.58 4.25 0.36 0.121.30 — — hornfels
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Fig. 9 Chemical compositions of uranium bear-
ing and non-uranium bearing-sedimentary
rocks(rock boundaries are based on B.
Mason; 1982). A: Argillaceous rocks, SC:
Sandstones and cherts, LD: Limestones and
dolomites, 1: U-blk. slates, 2: Non-U-blk.
slates, 3: U-coaly. slates, 4: U-phyllite,
schists, 5: Non-U phyllites, schists, 6:
Limestones, 7: Blk. shales of Sadong Fm.,
8. Non-U-mudstones, 9: Blk. shales from
other areas
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Fig. 10 Range of the content of some minor elements
in sedimentary rocks from Ogcheon zone
(refer to Table 4). chain: Fixed carbone.
1: limestone; Mogso, Hwoinam, 2: Black
slate; Hwoibug, Hwoinam, Chubu Maninsan
3: Poorly uraniferous hornfels, Jibongsan,
4: Sandy coaly slate, Chubu, 5: Black slate;
Chubu Jibongsan pit, 6: Coaly black slate,
Daeganchi, Boun, Geosan, Mokso, Jibongsan,
7: Graphite slate, Jibongsan pit, 8: Urani-
ferous hornfels, Jeolgol
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25°C and 1 atm total pressure (Garrels et
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