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Geochemical and Stable Isotopic Studies of the Matrix of Pebble Bearing
Phyllitic Rocks and Carbonate Rocks from the Suanbo and
Susanri District in the Okchon Geosynclinal Zone

Kyu Han Kim* and Kyung Duck Min**

ABSTRACT : Stable isotopic ratios of the carbonate rocks and chemical compositions of the matrix of pebble
bearing phyllitic rocks known as the Hwanggangri Formation, which are in hot debate on their origin such
as tillite, debris flow and turbidite, were determined to interpret their depositional environment. Ar-
gillaceous matrix of the pebble bearing phyllitic rocks has a high content of Ca0 (av. 19.5%) and MgO (av.
8.3%), corresponding to calcareous sandy shale. No difference of chemical compositions including trace
elements and REE is in the matrices between the Hwanggangri and the Kunjasan Formaticns. Carbonate
rocks from the Okchon zone and outside of the zone range -2.5~+6.1% in 8°C and +5.8~+25.9% in 5°°0,
indicating normal marine limestone. However, unusally *C enriched carbonate rocks might be deposited in
the highly evaporated sedimentary basin. A wide variation of 5°0 values is responsible for metamorphism
with a O depleted meteoric water. Isotopic equilibrium temperatures by graphite-calcite geoth-
ermometer show a higher metamorphic temperature (547~589°C) in the Okchon zone than those (265~
292°C) in the Samtaesan Formation of the Chosun group. Rhythmic alternation of relatively thin shale
with thin limestone in the Kounri Formation is not cherty layer but thin limesilicate bed by metasomatic
replacement. Judging from the isotopic and chemical compositions of the carbonate rocks and calcareous
matrix of the pebble bearing phyllitic rocks, the Hwangganari Formation was deposited in the shallow ma-
rine environment favorable to debris flow.
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Fig. 1. Geologic and sampling map in the Okchon
geosynclinal zone.
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Photo 1. Dark grey pebble bearing phyllitic rock of
the Hwanggangri Formation in the Madangbaeyi.
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Photo 1. Dark grey pebble bearing phyllitic rock of
the Hwanggangri Formation in the Madanghaeyi.
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Table 1. Chemical composions of the matrix of pebble bearing phyllitic rocks known as the Hwanggangri and Kun-
jasan Formations in the Okchon geosynclinal zone (Analyzed by ICP method).

Sample L . . Ing.
No. Description Si0; ALOs Fe:0s Mg0 Ca0 Na:0 KO TiO. P:0s MnO Toss Total Remark

W-1  Pobble bearing 59.98 5.58 2.87 9.72 19.75 0.44 174 0.16 0.09 0.07 100.0 H
black calcreous
phyllitic rocks from

K-1 the Hwanggangri 59.18 7.18 3.32 6.94 20.19 0.64 2.06 0.33 0.09 0.07 100.0 H
black phyllitic rocks
from the Muduri

K-2 Pebble bearing 58.46 7.42 3.63 7.07 20.19 0.60 2.15 0.31 0.09 0.08 100.0 H
dark greyphyllitic

K-3 Pebble bearing 59.78 8.03 3.86 6.61 18.29 0.59 2.30 0.35 0.12 0.07 100.0 H

black phyllitic rock
from the Muduri
K-4 Dark grey pebble 53.22 7.38 3.36 9.49 22.40 090 2.72 0.35 0.09 0/09 100.0 H
bearing phyllitic rock
from the Madangbaeyi

K-5 Grey pebble bearing 53.79 7.53 3.39 9.01 21.54 0.81 3.38 0.36 0.11 0.08 100.0 H
phyllitic rock from
the Madangbaeyi

SK-1 Dark grey elongate 5397 7.41 373 950 21.82 0.84 221 0.35 0.09 0.08 100.0 H
pebble bearing

phyllitic rock from
the Jangapri, sokrisan

11-2-5 Pebble bearing light 47.50 8.00 3.28 10.97 17.75 0.82 2.64 034 0.08 0.09 853 9952 H
grey phyllitic rock
from the Hwanggangri

Ma-1 Pebble bearing 55.95 9.46 3.70 6.90 21.48 0.40 1.57 0.38 0.09 0.07 100.0 K
white phyllitic rock
from the Madangbeyi

Ma-2 Pebble bearing 51.53 10.48 4.04 7.23 25.74 0.13 0.40 0.38 0.07 0.08 100.0 K
milky white phyllitic
rock from the
Madangbaeyi

Ma-3 Pebble bearing 56.78 8.63 3.77 7.40 18.17 0.96 3.78 0.32 012 0.07 100.0 K
milky white phyllitic
rock from the
Madangbaeyi

Ma-4 Pebble bearing 58.86 8.00 4.13 7.61 1494 116 4.67 040 0.15 0.08 100.0 K
milky white phyllitic
rock from the
Madangbaeyi

57 Pebble bearing grey 64.20 9.90 4.11 5.98 11.66 1.16 221 0.53 0.17 0.08 100.0 K
colored phyllitic rock
from the Ssamgokri

12-4-5 Pebble bearing 54.57 6.84 3.04 11.29 18.69 0.32 341 0.39 0.09 0.10 1.32 100.06 K
limesilicate rock
from the Kunjasan

Average 56.27 7.55 3.59 8.27 19.47 0.70 252 0.35 0.10 0.08

H; Hwanggangri Formation, K; Kunjasan Formation, Sample (12-14-5 and 11-2-5) analyzed by XRF method.
SiO; contents of the matrix except two samples (12-14-5 and 11-2-5) are calculated by total percent (100%).
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Fig. 2. Triangular plot of Al,O:+Fe,0:-Ca0-MgO and
ALO;+ Fe/0;-Ca0 + MgO-SiO, for the matrix of cal-
careous pebble bearing phyllitic rock of the Hwang-
gangri Formation. Dotted area (CAB) indicates the chem-
ical data of the carbonate rocks from the Naesari lime-
stone Formation and Hwajeonri limestone in the Okchon
zone, Dashed area (MET) shows their metasomatized
samples (Lee, 1995).

Table 2. Trace element of the matrix of the pebble bearing phylllitic rocks from the Hwanggangri and Kunjasan

Formations.

Sample No. Ba Co Cr Cu Li Nb Ni Sc Sr \'s Y Zn  Remark
Ww-1 1243 12 43 24 24 1 18 6 121 79 15 52 H
K-1 486 13 65 20 20 5 19 7 147 75 23 83 H
K-2 584 18 71 25 25 5 29 8 149 70 25 72 H
K-3 567 15 71 38 38 5 31 8 143 72 24 52 H
K-4 655 15 83 19 19 7 26 8 171 68 23 72 H
K-5 753 14 83 27 27 7 27 8 151 78 24 51 H
Ma-1 385 15 99 17 17 5 25 8 55 84 25 55 H
Ma-2 101 15 217 16 16 5 25 9 31 87 27 64 K
Ma-3 788 15 95 17 17 4 25 8 361 83 25 72 K
Ma-4 1135 16 68 17 17 7 28 9 215 87 29 55 K
S-7 669 12 95 13 13 15 26 9 118 71 31 36 K
SK-1 644 18 85 59 59 6 33 8 151 88 24 73 H
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Table 3. REE of the matrix of the pebble bearing
phyllitic rocks from the Hwanggangri and Kunjasan
Formations.

Sample La Ce Nd Sm Eu Dy Yb

w-1 9 31 11 31 04 18 1.0
K-1 12 39 15 38 05 28 15
K-2 14 43 18 42 06 31 18
K-3 15 39 17 38 05 3.0 18
K-4 10 38 15 38 05 30 16
K-5 10 35 15 38 05 30 16
Ma-1 13 41 18 42 05 31 17
Ma-2 8 42 15 45 05 32 18
Ma-3 19 47 21 46 06 32 18
Ma-4 27 55 25 54 07 37 21
S-7 33 61 28 59 08 .
SK-1 12 41 17 42 06 30 16
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Fig. 3. Distribution of 8 *C and 3 “O values for car-
bonate rocks from the Okchon geoynclinal zone. 1. Koun-
ri Formation, 2. Samtaesan Formation in the N
3. Kounri Formation in the Yonpungri, 4. Samtaesan For-
mation in the Busan area, 5. Samtaesan Formation in
the Susanri, 6. Limestone in Suchangri Formation in the
Busan area.

Bt Qtol B4 Q) Ata OHEEQIRIAH|

SHY WY A 229 meeZ, F4g Bag
WA 5] hEe] AEiAbE, AM FR B A ge] e
Well FAE 23] Soll sl g4 L Aka by 29
HaH] BME AAEIT B4 Fabe Table 49 2o,
A2 §°C=-2.5~+1.7% Wl olH §°0=105~25.9%
E A8 A4 M3t gl WAE s a8y
AEF (A189-8), £ A N33} Ak A AR
2% o M3 §°Cool +5% HelE oAz
Ce] ¥3td 548 vehix Utk o) o]= HAYR
7t 19 Al 54 22Xl 43 S8 @ado] Sl Ao
2 39T 1 9 Ade) 3] ga 59 daM
(8"C)e AR 0% AXZ vwd {AE ge 71T
v A 994 (3¥0)L +5.8%°14 +25.9%
7 A3 W2 HHE ekt ol #HA Zgad
¥0o] ZYWH £8ol o) @ A4 Ho| (oxygen shift) 2
#2 M€t (Fig. 3). A3 FEFo| Aelatae] A3
gdETt ngElE M3igdo] ¥0o] AW o] gon o=
HAEY F7l fEo2 A dr}. ol 773 (1985)
o3 Bnd SHA niAdeEH AejitEe) 9494 o
Tl A& Aoels IX) ) Bl S0 Ny
o] 9 d4a ATl M3ldeo] Aejat Aot sbe
A& ANBAT (e, 1985). A3 39 waX-5
A FE HE 4 B9 94 AF %A (Morikiyo,
1984)°] ofaf AlAte WA LEE FAF XY YA



30

Table 4. Carbon and oxygen isotopic compositions of the carbonate rock in the Okchon geosynclinal zone.

At 07

NPl Degcrption G 5Y0@)  bew (g
Kounri Formation in the Kounri area
8-5-1 Dark grey layered limestone from the Sojoryong +0.1(-4.8) +16.5 49 589
8-5-3 White crystalline limestone from the Yonpungri 0.0 +14.7
L5 Dark grey limestone from the Sojoryong +0.8(-3.8) +13.6 4.6 599
8-5-6 Dark grey limestone from the Yuhari -0.9 +17.6
M-2 Dark grey limestone with slate from the Sojoryong -0.7 +15.7
M-3 White crystalline limestone from the sojoryong +0.8 +15.0
9-1 Dark grey crystalline limestone from the Sojoryong -0.5 +17.9
9-3 Layered limeston from the Kounri -2.5 +10.5
9-5 Dark grey crystalline limestone from the Kounri +0.3(-5.9) +13.6 6.2 547
9-8 Light grey crystalline limestone from the Kounri +6.0 +17.9
9-11 White crystalline limestone from the Kounri +1.7 +17.3
9-13 Light grey crystalline limestone from the Kounri -15 +10.5
$-1 Layered limestone alternated with limesilicate from -1.7 +17.0
the Songkyeri -1.6 +16.7
S5 Grey crystalline limestone from the Songkyeri +0.4 +13.6
S-2 White crystalline limestone from the Kounri
Suchangri Formation in the Busan area
8-2-4 Light grey crystalline limestone from the Saori +5.4 +16.4
B 408 Grey crystalline limestone from the Bangdaeri -0.6 +18.6
B 313 Grey crystalline from the Jungamri +0.8 +18.4
B 419 White crystalline limestone from the Wolryongri +0.5 +18.7
E Dark grey crystalline limestone from the Saori +4.8(-18.5) +23.2 23.3 268
5-17 Grey crystalline limestone from the Busanri +4.8 +18.4
12-15-1 Grey crystalline limestone from the Osanri +5.7 +21.2
12-15-3 Layered limestone from the Dandonri +5.5 +13.0
12-15-4 Light grey crystalline limestone from the Dandonri +3.5 +5.8
12-15-6 Ditto +4.6 +22.8
Samtaesan Formation in the Susanri area
A Dark grey limestone from the Songnaeri +0.2 +20.6
B Ditto -0.9(-21.7)  +18.6 20.7 292
D Light grey noncrystalline limestone from the Husanri +5.3 +25.6
Buk-1 Light grey crystalline limestone from the Bupkae -0.2 +18.4
11-1-10  Light grey crystalline limestone from the Yongbawi +6.1 +15.3
C Grey crystalline limestone from the Hwangsukri 0.0 +17.0
12-6-4  Layered crystalline limestone from the Wolakri +5.5 +19.4
12-13-4 Light grey noncrystalline limestone from the Ko- -0.7(-24.3)  +20.2 23.7 265
Suck-1  myongri +1.0 +16.5
D-23 Crystalline limestone from the Suckdonggol +0.5 +14.0
D-24 Limestone from the Dangdusan +0.3 +10.7

Numeral in parentheses is the & °C value graphite.
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Photo. 2. Rhythmic layers of thin black shale with R ¢ i .
thin limesilicate in the Sojoryong area. Boundin struc- Poto. 3. Limesilicate rocks show thin bedded layers in
tured layer is limesilicate rock. the Sojoryong area.

g

Table 5. Chemical compositions of limesilicate rocks from the Kounri and Sojoryong area (Analyzed by XRF
method).

Sampl .
No " Description SO0 A0 FeOs M0 GO0 NaD KO T, PO, M0 P

Total

M-7  Limesilicate rock 40.70 747 2.65 690 2729 020 264 0.27 008 0.04 11.76 100.0
from the Sojoryong

11-1-6 Limesilicate rock 5343 7.89 10.84 2025 144 005 039 010 046 042 nd 9527
from the Songgeri
(Korsansa)

9-1 Limesilicate rock 49.88 625 4.08 11.19 2627 0.11 019 027 1.03 0.06 022 99.55
from the Kounri

12-7-3 Limesilicate rock 65.92 12.70 4.27 235 682 108 293 054 0.08 3.23 nd 99.92
from the Songgeri
(Kosansa)

S$-5 Limesilicate rock 50.20 10.29 355 819 2329 103 061 047 181 065 0.51 100.6
from the Songgeri

M-5  Limesilicate rock 55.01 1445 549 448 1460 119 268 0.59 0.07 009 1.35 100.0
from the Songgeri

11-2-3 Limesilicate rock 5748 10.39 492 560 1732 0.11 294 055 011 012 046 100.0
from the Wolakri
(near Wolak mine)

Average 53.23 9,92 4.24 7.08 1947 074 172 044 047 013 0.34

nd ' not determined.
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