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Fig. 1. Geologic map of the study area (from the Geologic Investigation Corps of Taebagsan Region, 1962).
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Fig. 2. Type section of the Jangseong Formation (Cheong, 1969). The Jangseong Formation consists of four
cyclothems (JA, JB, JC, and JD). Each cyclothem is characterized by vertical repetition of the basal sandstone

followed by shale, coaly shale, coal, and shale.
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Fig. 3. Measured stratigraphic section at Gyesandong, showing the cyclicity of the Jangseong Formation. Note the
stacking pattern change of sedimentary units from coarsening-upward to fining-upward at 33 meter interval.

Fig. 4. The outcrop exposure of the Jangseong Formation at Gyesandong along the Hwangji stream near
Jangseong Mine. Stratigraphic top is to the right. A) Coarsening-upward unit of the lower Jangseong Formation.
The unit is composed of thin- to medium-bedded, fine- to medium-grained sandstones. Individual sandstone beds
are wave rippled, parallei-laminated, and parallel to subparallel-bedded. Field bag for scale. B) Fining-upward unit
of the upper Jangseong Formation. 5-meter thick, trough cross-bedded, coarse- to very coarse-grained sandstone
bed is overlain by bioturbated Stigmaria-bearing mudstone and coaly shale. Note the scouring base and lenticular
geometry of sandstone beds. Hammer for scale.
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Table 1. Modal analysis of the Jangseong sandstones in the Jangseong area.

Sample Framework grains Matrix and cement Total
No. Qm Qp F Lv Lm Ls Micas Acc.  Matrix Clay  Quartz
JG101 4538 1.3 0.0 0.0 0.0 0.0 4.9 9.7 0.0 38.3 0.0 100.0
JG102 312 0.0 0.0 0.0 0.0 0.0 36 1.9 51.6 11.7 0.0 100.0
JG108  57.1 0.0 0.0 0.0 0.0 0.0 1.0 1.0 26 13.3 23.7 100.0
JGios 789 0.0 0.6 0.6 0.6 0.0 0.3 4.5 0.0 1.3 14.3 100.0
JGIIO 545 260 0.0 0.0 0.0 0.3 2.6 0.3 26 75 6.2 100.0
JGI15 610 15.9 0.0 0.0 0.0 0.0 0.0 1.6 0.6 14.9 5.8 100.0
JGII7 565 26 0.0 0.0 1.3 0.0 0.6 0.0 231 9.1 6.8 100.0
JGI8 497 18.2 0.0 0.0 0.6 0.0 0.0 0.3 8.4 12.3 10.4 100.0
JGI21 550 16.3 0.0 0.0 1.6 0.0 0.3 0.0 9.1 15.3 23 100.0
JGI22  64.0 0.6 0.0 0.0 0.0 0.6 0.0 0.0 9.4 12.0 13.3 100.0
JGI25 62.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 13.3 234 100.0
JGI26 64.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.2 5.8 23.1 100.0
JGI30 54.5 2.6 0.0 0.0 0.0 1.0 2.6 1.0 14.3 18.2 5.8 100.0
JGI32 56.8 2.9 0.0 0.0 0.0 0.0 0.0 0.0 14.3 18.2 7.8 100.0
JGI34 47.4 2.3 4.5 4.5 4.5 1.3 0.6 0.0 315 104 1.9 100.0
JGI38  57.1 29.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 7.1 100.0
JGI40 680 31 0.0 0.0 0.0 0.0 0.9 0.3 1.3 21.3 5.0 100.0
JGI41 461 25.0 0.0 0.0 1.6 114 0.3 0.6 0.3 13.3 13 100.0
JGI42  53.0 1.3 0.0 0.0 6.2 1.3 32 0.6 10.7 6.8 16.9 100.0

Qm=monocrystalline quartz, Qp=polycrystalline quarts, F=feldspar, Lv=volcanic rock fragment, Lm=metamorphic rock
fragment, Ls=sedimentary rock fragment, Acc.=accessory minerals
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Table 2. Major element composition of the Jangseong sandstones in the Jangseong area. Unit : wt%
Jangseong formation Pettijohn(1963)
Sample JGIo1 JGIO2 JGIO8 JGIO9 JGI15 JGI17 JGI18 JGI22 JGI34 )GI40 JGI41 JGI42 QA LA GW AR
Si0. 80.76 79.61 89.76 86.01 93.43 97.55 82.69 94.12 89.37 9255 85.63 84.20 95.40 66.10 66.70 77.10
AL;0; 13.25 1576 420 477 330 217 842 352 614 555 1160 5.83 1.10 810 1350 870
Fe,0,* 043 0.18 038 338 0.29 020 293 035 094 065 037 447 060 520 510 220
TiO: 0.89 123 091 054 0.03 008 039 004 022 007 016 182 020 030 060 030
MnO 0.00 0.00 000 019 0.00 000 024 000 001 001 000 003 000 140 350 0.70
MgO 010 001 011 049 0.03 004 047 008 012 0.08 004 095 010 240 210 0.50
Ca0 0.02 0.06 003 004 0.03 002 006 003 003 005 0.01 002 160 620 250 270
Na,0 0.00 020 0.00 0.00 000 0.00 000 000 000 000 005 000 010 090 29 1.50
K0 091 0.00 070 144 0.78 013 199 084 120 002 0.01 061 020 130 200 280
P,0s 0.04 0.03 004 003 0.03 001 004 002 003 004 0.03 014 010 020 010
L.O.I 339 302 135 179 1.89 057 200 119 170 117 227 183
Si0,/ ALO; 6,10 505 21.37 18.03 28.31 4495 9.82 26.74 14.56 1668 7.38 14.44 86.73 8.16 494 8.86

Fe,05* : Total Fe, L.O.I.=Loss on ignition
QA=quartz arenite, LA=lithic arenite, GW=graywacke, AR=arkose

Algfel =M

uE oA 8 29 824

A& Alorse] 8 PABE(framework min-
erals)2 A4 4 siglou] RpsiEan 4gke] A
Az 51, A7, Felepolile|E, A9, o]

Gyesandong

Qm

0 20 40 60

Fig. 5. Relative abundance of framework minerals and matrix from the Jangseong sandstones. Qm: monocrystalline
quartz, Op: polycrystalline quartz, RF: rock fragments, Acc: accessory minerals, Mtx: matrix and cement.
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Fig. 6. QFL plot of the Jangseong sandstones. Most
Jangseong sandstones are classified as quartzwackes
according to the scheme of Dott (1964), but lithic
graywackes also occur.
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Fig. 7. Thin-section photomicrographs of the Jang-
seong sandstones, showing compactional features. A)
Muscovite (m) is strongly deformed between adjacent
quartz grains. Scale bar=1 mm. B) Quartz (q) grain
boundaries are characterized by long contact and
concave-convex contact (arrow). Scale bar=1 mm. C)
Lithic fragment have deformed plastically and flowed
into intergranular pore space to form pseudomatrix.
Scale bar=1 mm.
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AgAbellA] [ARC SRE HGUAL Aol
HAXAY AKQA Hehde] (Fig. 7A), A94AE
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Adsizlel 93 A=A gle Felrt = gEE
ol HAke HEZES YA Fx chxlzhgo] A
255188 BdFTHFig. 8B). 4%, A S Alglel
A FRgeelert FaEAlew QIXHck(Fig.
10). 72| Ev A3 Q) A2 (book struc-
ture) & BoFw 27L& <F 10 pme)eH(Fig. 10).

SoHaS U 23 B39 &7
F4E Aol gL AdddAish 23S
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Fig. 8. Thin-section photomicrographs of the Jangseong sandstones, showing quartz overgrowth, clay rim cement,
and clay pore-fills. A) Quartz overgrowth (og) with dust ring (arrow). Scale bar=0.5 mm. B) Clay rim cement
(arrows) and quartz overgrowth (og). Clay rim cement is cut by adjacent quartz grain. Scale bar=1 mm. C)
Pyrophyllite (pro) fills secondary pore space that formed by dissolution of quartz grains. Note the dissolved grain
boundaries of quartz grains (arrows). Scale bar=0.5 mm. D) Fracture-filled pyrophyllite clay (pro). Faint medial
suture line within the farcture implies that pyrophyllite grow inward from walls of fracture. Scale bar=1 mm.

SANDSTONE

Intensity

IGL o1

Fig. 9. Representative XRD pattern of the air dried <2
pm fraction of the Jangseong sandstones. The 10 A peak
of illite shows the high sharpness without shifting. I;
illite, P; pyrophyllite, K; kaolinite, Q; quartz.

A4S HEFE AbololA] & 5 sich Mdsixts
o] A gslEle] don 1 Ao HEF
Fo] FAlse] Jehdti(Fig. 80). 549785
Aede] galatg-e A 23 F5& A
o, 23 FFE& AR HEFEZ A=A
27 57 FALE XA AAEEA S 59 gol=
Yol Eqle] Fal=g]en(Fig. 9), ol 71&9]
FHEE o) Ev) A4 gajag-o2 AAE A
7} we oR2YE f4i" Ayl 93 89
o] ko2 o2 Pelo|EF HAA] ZoR
BojAlr},

Hel2gelo|Ex HEFES L-sxhgo 27
23} ZF9]dl] A (fracture)A = A" (Fig,
8D). A& Alstell s 714, F-& A9 iR 7R
e gL dF] WdEe] gl o5 dFER
sto)2gepel E 2 $x215 e 9lrH(Fig. 8D).
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Fig. 10. SEM photomicrograph of the booklet type pore-
filling kaolinite. Scale bar=20 um O: guartz overgrowth,
K; Kaolinite.

7|Et £4EE

A Z AljFe) et &£A4AHE- 0B = Az}
£(coalification)o] Jiehdct, &S Alete] &
AL JEZEY] ZFEAHR FARE 512
(floating texture)E 2o Fvof T8 o ¢}
o} ol AL fr1Ee] 71AA A AHA Qo)
LAzt a-Eal {0150 B atgoe] doilwa
NAE e g Holw, 0.5 mm oA ¥4 8
HAo] Ao ArEdd. FAHML BE A4
< 7t2AlE Jebd o2 sbg Folel AAR A
< & 49l

S43Y

A Z2] AtellM e chl 2k, A9 28zt
4, Jedee] Ay, HEFES s
Y slejg e Eoll A% 24} 35 A 55312
£, B8N PN T SA4e) BE R
3 XA 3" EA Y SEM #4& EHE, ol &
Aakge} A AF A w2t F4FAALS =
A3l ch(Fig. 11). A2 Alstelle ohal2-8o] 2
WA dehge] 27] $42H8 Fetol MY 3
7o) Alsich. ol F HEREo) YA * T4
A2 vepe], dEA TS} Frleta 44280
A=y HEFES Gajzhbo) 3l F, ol
w2 27} FHol AU L3t A’ 23
FTE dF2) He Felle so]2gte| B F3
A-gol Y A og Acksd,

E 9

AAAE AtellA 7P A AR ARREL A
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Fig. 11. Generalized paragenetic sequence of the Jang-
seong sandstones.
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27149 95, sgelve] EX) AAdstr] 48
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E, 7h&eh ol E, mo]2gulel e, ZlA o] A}
&3 U AERE ZAE HAFOEZN S
ARt} Aledo] AE AE IF7E NS AP
2 2jFoHFig. 12).

Fhe-eel BE7l EAlshs g7 K* o]&o] &
FEo ALY detelEr) HAHE 5 Qg
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SHALE
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0 20 30
20(°)
Fig. 12. Representative XRD pattern of the air dried
<2um fraction of the Jangseong shales. I; illite, P;
pyrophyllite, K; kaolinite, C; chlorite, Q; quartz.

Zc}(Tomson, 1970).
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Kaolinite  Quartz Pyrophyllite water
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Sandstone Diagenesis of the Lower Permian Jangseong
Formation, Jangseong Area, Samcheog Coalfield

Hyun Mee Park, In Chang Ryu and Hyung Shik Kim
Department of Earth & Environmental Sciences, Korea University, Seoul 136-701, Korea

ABSTRACT : The coal-bearing siliciclastic rocks of the Lower Permian Jangseong Formation, Samcheog
coalfield, represent a megacyclothem which shows cyclic repetitions of sandstone, shale, coaly shale, and
coals. Petrographic, geochemical, and SEM studies for sandstone samples, and XRD analysis for clay
minerals were carried out to understand diagenesis in the sandstones of the Jangseong Formation. The
Jangseong sandstones are composed of 60% quartz (mainly monocrystalline quartz) and 36% clay matrix
and cement with minor amounts of feldspar, lithic fragments and accessory minerals (less than 4%).
Jangseong sandstones are classified mostly as quartzwackes and partly as lithic graywackes according to
the scheme of Dott(1964). The textural relationships between authigenic minerals and cements in thin
sections and SEM photomicrographs suggest the paragenetic sequence as follows; (1) mechanical
compaction, (2) cementation by quartz overgrowth, (3) formation of authigenic clay minerals (illite,
kaolinite), (4) dissolution of framework grains and development of secondary porosity, and (5) later-
stage pore-filling by pyrophyllite. We propose that these diagenetic processes might be due to organic-
inorganic interaction between the dominant framework grains and the formation water. The Al, Si ions
and organic acid, derived from dewatering of interbedded organic-rich shale and coals, were transported
into the Jangseong sandstones. This caused changes in the chemistry of the formation water of the
sandstones, and resulted in overgrowth of quartz and precipitation of authigenic clay minerals of
kaolinite and illite. The secondary pores, produced during dissolution of clay and framework grains by
organic acid and CO, gas, were conduit for silica-rich solution into the Jangseong sandstones and the
influx of silica-rich solution produced the late-stage pyrophyllite after the expanse of kaolinite. The
origin of the solution that formed pyrophyllite is not likely to be the organic-rich formation water based
on the observation of fracture-filling pyrophyllite in the Jangseong sandstones, but the process of
pyrophyllite pore-filling was indirectly related to organic-inorganic interaction.

Key words : Jangseong formation, Sandstone diagenesis, Quartz overgrowth, Clay minerals, Shale
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