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Paleotemperature of the Lower Permian Jangseong Formation,
Jangseong Area, Taebaegsan Basin (Baegunsan Syncline)

In-Chang Ryux, Hyun-Mee Park*, Seong-Jae Doh and Seon-Gyu Choi*

ABSTRACT: The Lower Permian Jangseong Formation, Tacbaegsan basin (Baegunsan Syncline), represents a
coal-bearing siliciclastic succession which was later modified by the Songtim or Dabo orogeny. Sandstone
petrography and clay mineralogy were studied to understand the thermal history of the Jangseong Formation
during basin evolution. Petrographic study indicates that Jangseong sandstones are composed of quartz, feldspar,
lithic fragments (metamorphic and sedimentary), and varying proportions of matrix and cement. The dominance
of quartz (<97%) over feldspar (<1%) and lithic fragments (<2%) classifies most Jangseong sandstones as quartz
arenites or quartzwackes, but lithic graywackes and sublithic arenites locally occur. The diagenetic features of
these sandstones include mechanical compaction, cementation by quartz and clays, dissolution of framework
grains and development of secondary porosity, and late-stage clay pore-filling. Clay minerals identified in the
Jangseong Formation by X-ray diffraction analysis are illite, kaolinite, and pyrophyllite with a minor amount of
chlorite and micas. The illite, kaolinite, and pyrophyllite appear to be largely authigenic based on their well-
crystallized forms. These authigenic clay minerals form clay coats/rims and late-stage pore-filling cements. Illite
crystallinity shows that the Jangseong Formation has been in late-diagenetic zone to early-epizone, which ranges
in temperature from 200°C to 300°C. In addition, kaolinite-pyrophyllite transition suggests that paleotemperature
of the formation has reached at least 265°C. Such temperature is likely to be consistent with homogenization
temperatures of fluid inclusions in quartz veins in the formation. Thus, the Jangseong Formation has been sub-
jected to paleotemperature of about 265°C. The major heat source responsible for the paleotemperature may be
hydrothermal solutions. The passage of hydrothermal solutions was probably assisted by fractures created dur-
ing the basin-modifying tectonism of the Taebaegsan basin.
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Flg. 1. Geologic map of the study area (modified after Cheong, 1969).
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Fig. 2. Measured stratigraphic section at Gyesandong.

coarsening-upward to fining-upward at an interval of 33 m.
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Fig. 3. The outcrop exposure of the Jangseong Formation at Gyesandong along the Hwangji stream near Jangseong coal
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, parallel-
laminated, and parallel to subparallel-bedded. Field bag for scale. B) Fining-upward unit of the upper J angseong 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. Field bag for scale.

Table 1. Model analysis of Jangseong sandstones, Jangseong area, Taebaegsan basin (Baegunsan Syncline).

Sample Framework Grains

Matrix and Cement

No. Qm Qp F Lm Ls Mica  Acc. Matrix  Cly Quartz Total
JG101 458 1.3 0.0 0.0 0.0 49 9.7 0.0 383 0.0 100.0
JG102 312 0.0 0.0 0.0 0.0 3.6 1.9 51.6 11.7 0.0 100.0
JG108 57.1 0.0 0.0 0.0 0.0 1.0 1.0 2.6 13.3 23.7 100.0
JG109 78.9 0.0 0.6 0.0 0.0 0.3 45 0.0 1.3 1043 100.0
JG110 545 260 0.0 0.0 0.3 2.6 0.3 2.6 7.5 6.2 100.0
JG115 61.0 15.9 0.0 0.0 0.0 0.0 1.6 0.6 14.9 5.8 100.0
JG117 56.5 2.6 0.0 1.3 0.0 0.6 0.0 23.1 9.1 6.8 100.0
JG118 49.7 18.2 0.0 0.6 0.0 0.0 03 8.4 12.3 104 100.0
JG121 55.0 16.3 0.0 1.6 0.0 03 0.0 9.1 153 2.3 100.0
JG122 64.0 0.6 0.0 0.0 0.6 0.0 0.0 94 12.0 133 100.0
JG125 62.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 133 234 100.0
JG126 64.9 0.0 0.0 0.0 0.0 0.0 0.0 6.2 5.8 23.1 100.0
JG130 54.5 2.6 0.0 0.0 1.0 2.6 1.0 143 18.2 5.8 100.0
IG132 56.8 2.9 0.0 0.0 0.0 0.0 0.0 14.3 18.2 7.8 100.0
JG134 47.4 23 45 0.0 1.3 0.6 0.0 315 104 1.9 100.0
JG138 57.1 29.2 0.0 0.0 0.0 0.0 0.0 0.0 6.5 7.1 100.0
JG140 68.0 3.1 0.0 0.0 0.0 0.9 0.3 1.3 21.3 5.0 100.0
JG141 46.1 25.0 0.0 1.6 114 0.3 0.6 0.3 133 1.3 100.0
G142 53.0 1.3 0.0 6.2 1.3 32 0.6 10.7 6.8 16.9 100.0

Average 56.0 7.8 03 0.6 0.8 1.1 12 9.9 13.1 9.2

Qm; monocrystalline quartz, Qp; polycrystalline quartz, F; feldspar, Lm; metamorphic rock fragment, Ls; sedimentary rock

fragment, Acc.; accessory minerals, cly; clay.
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Fig. 4. Petrographic classification (after Dott, 1964 and Leeder, 1982) of the Jangseong sandstones. Most Jangseong
sandstones are classified as quartz arenites, quartzwackes, and sublithic arenite and lithic graywacke. Q: quartz, F: feldspar,

and L: lithic fragment.
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Fig. 5. Thin-section photomicrographs of Jangseong sand-stones. A) Muscovite (m)

is deformed between adjacent quartz

grains (q). Scale bar = 1 mm. B) Lithic fragments (if) are deformed plastically and flowed into intergranular pore space
between quartz grains (q) to form pseudomatrix. Scale bar = 1 mm. C) Contacts between adjacent over-growths are irregular
compromise boundaries produced by mutual interference during crystal growth (arrows). Scale bar = 1 mm. D) The clay rim
cement (arrows) on the quartz-overgrowth (og). The clay rim cement is cut by adjacent quartz because of compaction. Scale
bar = 1 mm. E) Pore-filling pyrophyllite (Pro). Quartz grains (q) appear to have been partially dissolved (arrows). Scale
bar = 0.5 mm. F) Fracture-filled pyrophyllite (Pro) in a detrital quartz grain (q). Scale bar = 1 mm.
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Fig. 6. Paragenetic sequence in Jangseong sandstones.
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Fig. 8. Relative abundance of clay minerals from the Jang-
seong Formation.
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Fig. 9. Illite crystallinity of the Jangseong Formation, com-

pared with organic maturity (modified after Kisch, 1974).
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22 #HE X tl (Pollastro, Barker, 1986).
dukg oz AAFU e Aguz o] FARRE 3
A=e W Ay, 4A9] e A9 sF g
YUY THE Holof 3} (Pollard, Segall, 1987). A

10:]

Frequency

2_
o4t ,

110 130 150 170 190 210 230 250 270
Homogenization Temperature (°C)

Fig. 11. Histogram showing homogenization tempera-
tures of fluid inclusions in the quartz vein from the
Jangseong Formation.
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s AEAE FA7 FFE L Free Rold
et 4% N2 ATANEL VIR ) e
F9%e) BFS ASL 9L AAVE B 9ol o
d ARl G432 BE Ao2 AR YA
dr|Zol BEFE dolzBelolEs o3} FF 2
Age Hgue BE doo 5 719 7FsRel
o, T, A5 Ushke 4gue sz
Felol= AT FARE A7) B olF] Y4B &
42 D)o AWAAI B, FHFH TR A
ZHES 2% LEE FATREC] Z8Y o)F
¥o eEz slade) A%YY AFebnche A%
7k zksEA Hae) RSl Fhe LEE Wl
£ R0 e o] Bt AALAEY F4s
257} 190~200°C] LERAANN A% £e WE
58 Hols Ae 49 ARH Ago] o] 2w
1g A Lol] WEoln 1Y e 2xg
e 270°Ce FALFEL FHEEL EHS A
o H2 eEg WIVYT T 5 U WA B4
Fe Ak 270°CY 954 9P YT T
olek.

7}22[L{0| E-IO| ZH2}O0|E HTO|

solzgelo|Ex RFY L5 gEo) FviE0] H)
EfUolE BAIES} 1.2~1.9% Max. 2.2%)° ©]2
A FHgEUe|ErF g9 slehkgel s Holg
o710 2A A= o GHA Ut} (Frey, 1987;
Brattli, 1997).

AlLSi205(0H)s + 25102 = Al2SisO10(OH)2 + H20
kaolinite quartz  pyrophyllite

XA 3d BN Aael 93ha, AgEolA solzg
ZGolEE 36702 A7 F 2809 Ag8dA FR2E]Ltol
Eo} & veldon 619 AReME dolzdele]
Ex 2719 A RME Myl Et vehth
(Table 2). o]¢} o] S tlFEY ARA Ho]
Ego|EY JIeolET} I FE3h= AAeERE
eEe F1eeelET) wo|2dolER HolHE &
=Y AN EHGEE 7SNl Rew F
A=)

- solzdalelEE &4 o] gM e sz
3} Z& o (ago=1), 1kbar 734 290°C o}3}
9 2EdAM AAEHE Aoz dHA U (Frey,
1987; Brattli, 1997). ¢}2¢] W3l & slo]zHz}
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Table 2. XRD results for clay minerals in the Jangseong
Fordmation, Taebaegsan basin (Baegunsan Syncline).

Sample i Prophyl- Kaoli- Chlori- i

N Mite T T e Lithology
JG101 O O O X sandstone
JG102 X O O X sandstone
JG103 O O O X shale
JG105 O O X X sandstone
G107 O O X X shale
JG108 O O P X sandstone
JG109 X X O O sandstone
JG110 X O O X sandstone
Gl O x O x  shale
JG112 O O X X shale
JG113 O O O X sandstone
JG114 O O X X shale
JG115 X O O X sandstone
JG116 O O O X shale
JG117 X O O X sandstone
JG118 O O O X sandstone
IG119 O O O X shale
JG121 O O O X sandstone
JG122 O O O X sandstone
JG125 O O O X sandstone
JG126 O O O X sandstone
JG127 O O O X shale
JG128 O O O O shale
JG129 O O O O shale
JG130 O O O X sandstone
JG131 O O O X sandstone
JG132 O O O X sandstone
JG133 O O O X shale
JG134 O O O X sandstone
JG136 O O O X shale
JG137 O O O X shale
JG138 X O O O sandstone
JG139 O O X X sandstone
JG140 X O O O sandstone
JG141 X O O O sandstone
G142 X O O X sandstone

(O; occurrence, X; no occurrence

olEL] AHREE Yolry] sl FEFAL] HIHY
HE g9stgd oz A4kg Berman (19919 TWQ
(Thermobarometry With estimation of Equilibration
state) TE AP L o] L3H, B9 EF=7H 1Y W
(ayp=1) TrolZ B ES] A EEE 1khar Yol
A} 280°C, 2kbar FollA 295°Ce]w sjo]z2dz}o]
E7 7P B ANLEE 7KE 6kbar EIME
309°C2 vebdt} (Fig. 12).

TolzdelolE] B4 w42 H:08 ¥ 3
7] W ol whgo #HE FAUe H09 Fell 2l
A solzgalo| BV} YAHE xE EEAA ok
AA] BRgo] Hold H09 FEx E5EE ¥HFE
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| INERS AN
I B AT
T | | £ £
< & d J| <&
4 4 L
—_
8
£
SAKE L
g
N
2 Q
b N
e +l+
& 2 =% L
Ml
1A L
T T T

50 100 150 200 250 300 350 400 450 500
Temperature (°C)

Fig. 12. P-T diagram for kaolinite-to-pyrophyllite transfor-

mation at different water activities. Calculated with TWQ

(Thermobarometry With estimation of Equilibration state;

Berman, 1991). Kln: kaolinite, Qz: quartz, Pro: pyrophy-

Llite.

o) AdaEela B S5eE dA4sA ot B3t
A2 f7180] EFH e A FU71EL €4
A&wrt 27V o CHe B2 CO) 59 7k=5
wEsln CHs (32 COnd WEFHE SALFHE
7199 S718UFE Be Aoz &R vt (Lap-
lante, 1974). 718} 93 CHs (32 CO29 ¥&
& Rzfe] AR-g WA B §5EE A
7171 W2 so|zdalo|Ee] A 2EE T wopd
4 ot (Fray, 1987). A5 geRidA 52
2 A2 4718 gFo] TR o5 71499]
U RE 84 752 Eo)r] wie] AFA B &

T CHt (B2 CO»9l ¥ee ol 1 B} st
L Ao A 47} Utk 48 1~2 kbardlA E2
252 082 78S 1, 493 &l ES
8o 234 FAEE Ho|RPelo|ES AN &=
oF 265°Co|™ &9 &EFx 0.1~028 7438 & =
200°C ©|8t2 @it} (Fig. 12). &, /Mg £& 3
ol2gglolEe A 25E 7HKEe o 6kbarg 7t
A, ago =08 & o, 49 F1&E el EQ W
2o 23l so]gdelo|ES A4 2= o 278°Co
o 29 5% 0.1~0.204%E 200°C ©]&te] 2=
M solEPlo|Ee] o] 7t5alith
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ITFAGAA FelzdolEe] YA} FAE B9
EEret o 2240 diside ¥R vt i) o
ol AdFlM slol2deolES] A =g
8] AFsl7le oJHAR, A4Sl dElE A=t
HoFe gisy, fAESE] #2838 &5, 1 Bt}
e =9 &FE 9 HAYe M F de Fuly
g 5 2y, G459 sejzdelolEs
265°C J]2]9] 2= 9olA] AAENE HAeg 34
2h=

E 9

B4 7ol XISt AAE9] Wl vEF)
HolE MRS ZH3% 718 A8l o3y, v|Ey
°|E TRIZE oS HojFEn HuNME (Rmax.)
£ 62~7.0%, HAWAIE Rmin)= 3.9~ 42%, 3
7 YEEUe|E YT Rm)E 51~55% ©|th (g}
A28 1990). 3459 BT HEHUOIE WAL
RmE HEe] gz el v)msly, Fog 38 WAy
FAe gool Fict (Fig. 9). Wby LefolE &
Aot Mete] aslgze] oy, F4EL 300°CE
OF7F A3 de) ¥ Bud slew 24 £
ch e dEe|E A=) Heke] g 2
ST¥lo] ollz}t T2F 5o o) 43I 9T
e ZAo® 48R ot (Teichmuller, 1987). 41k
WA T AES} (meta-anthracitization)?] ¢l HE
A AAF Y 1o Aghe) oA X329
3k el osiA AEE B oY T2E S
= FA 988 vt} (Teichmuller, 1987). %31, v
EgUjo|E9] oWl HIEZ L o|E] ARG A}
TE 233=d vt H7) i) Tdg g WA
T BEZUE MAIEE o83 Aeke] v
= 2L 1 AIEE B 4 ot (Teichmuller,
1987). 3 dF}olE AP 7F3F Wt A%
XEFE 4 veidth g2z Efjelolr)e
$P85H F)Y gRRALE S A% 12 25
S ol BEfAES] T 9l £3o] wgE ool
ol AR FES wiAE 4= otk webd A
ZoM EHE deolE AR Ee} HEU0IE vRlE
| o] T x]20) 2L AA 2uRTh B4 H
7FE F Avke= Ze e E oo, AR g
32H8 G =adwE 99 AAE AN e
300°C Brhe W& 2=9 g8 119LS 7FsA o]
=t} uEhd dejolE AP RAFE o|yE B4

2o

2

< I3 A9 W] FAXRES) o FHF
2= % JHEEuolE-ge| 2ol Frlo] 2xet
dEIAFE PR 2R 22 g 265~270°C W)
olAE AL E ARHTh

HARAWS AulEe A GE AR wat &
A ol IFRFS BXY £5, WAt =3
4, TALA 2 R A Aol #AET (Spear,
1993). whEhA A3 FFL = G e I7A
Aol FALEAL} T ofsliElefol Bl FFe] B
A A g EE PAdEe) 4TS F Ed o
7V & L st ok st

BEGLS] AFARAAN B A AEE 2%
7188 EdE g ] A X7uje-g ALk
°F 31°C/km °|t} (Fig. 13). ¢] A27&L FAE
o 283l ¢, FEFe] 265°C U] 2%
237 AsiME & 8~9kme] WEAES s ok
3tm, A4dF0) 8~9kmE WEHAH, A B4
5 A9E HE3k= AFY FA7 & 2km vi9jol=
2 6~7km 71| HAZo] Ao 93] Ale}rofok
gt} ey EBAES) e AFo] 12T HF
#F A& /A ¥ax, 34EE 6~Tkm oY

=
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Fig. 13. Present geothermal gradient calculated from bot-

tom hole temperatures. Bottom-hole temperatures were

obtained from well data at Jangseong mine.
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A5 Arzel ViEe 47 888 F vk 0L, 7
29 2o 347 A29) Sl PUEE A3 4%

2 OB L5 E AR Fclelehd, AAdEel
%7 ZAd) HE dEolE AAEE A5 YR
42 o] Ao} itk et AAS ARAM R
2o Ydo|E AFLL] 7t P vEhbA 94,
Ares) Bk Jebdot (Fig 14). =3 243
3H9le] A& wa)lEdlA H Lee & Ko (1997)°
Sla) 299 Yeel= AP AU FUL 024
oA200) HAFZS icﬂ—v—lil— nlglxe FAZHT 3199
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737 YelolE AAER Y o)F F 3o @

REEE A DS Bol) mhEel 35 9

- EAA - A

1llite Crystallinity
@ Jangseong Fm. (n=28)
0.5 7 . i (this study)
Diagenesis A Manhang Fm. (n=32)
(from Lee & Ko, 1997)
[ ]

0.4 — '
o
5 A |
= A . Anchizone
= 03—
2 .
g ® ‘ﬁ
z —@QL
5 0.2 - . .A o

[ ]
. [ [ ]
0.1 — Epizone
0 T T T T
0 5 10 15 20 25

Weaver Index
Fig. 15. Lllite crystallinity of the Jangseong and Manhang
formations. KI-WI (Kubler Index-Weaver Index) data of
the Manhang Formation are from Lee and Ko (1997).

TS E d9E FMY & F2F S 9 8
gtoz A9gsly] oyt (Fig. 15). 22y, T334
A Z2 FAE miEd 9T AF 2= &3
g Hrleplel $EA] ¢dorng, AdFA uiE W
Jzpge] dsiME &5 ATl 752 Hart ok

oiamfe] Qe 2|29 HjE WA F8 ¥
olojm ol FYULA Y 2= L Fe|, BTy 2%,
7k 2 oy Bt BY A7l wk kAl W
Ehdt} (Spear, 1993). ol2igh miarke] AU} AAHE
A eufe] Wahs AP ZREHY Ao we} 2
o] th=A vEidth. £ A7X9] 1km U2l
£ Egtoloj2y] @7l ukt ¢+ (lamprophyre
stocks; 213Ma; Yun, Siberman, 1979)9} A gt
FEY, JEY 59 W] 9 2 ol EH
(49~67Maz; 93 5, 199405°] Ex3th (Fig. D).
AR Gol AFANFH] ARl sHILAZFE Al
ol & Ao)7} 171 Wite] YetolE AR =9 3}

Table 3. Published data of hydrothermal temperatures from Yeonhwa Mine, Tacbaegsan basin (Baegunsan Syncline).

Methods Minerals T(°C) References
Fluid inclusion quartz, sphalerite 180~355 Yun, So(19991)
Sulfur isotope pyrite, sphalerite 265~387 Yun, So (1991)
Carbon isotope calcite 200~300 Yun, So (1991)
Mineral assemblage & composition pyrrhotite, spalerite arsenopyrite 230~350 Koh et al. (1992)
Sulfur isotope sulfide minerals 273~566 Kim, Nakai (1980)
Fluid inclusion fluorite 150~380 Chung (1986)
Fluid inclusion quartz 138~334 Moon (1991)
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A 93 Fgke =3 TSR, FASAI} F
A G 5] AR GAA FdE W gelzd
FolEE AT w2 delo|E ZAEE 7 &
Aol = 4= gin). HulAselA BaE= 23 35
el se|zgelelEe] 7 B A A9
o} AEde AAEo] G949 JTS IS T
o} 3RS Qe eulabgsid (o dskhellA
HalgEany 2449 F5ds (6S*) A= 3
o, 33BHEL Welr| (73 Ma) SHYLFAA 71908
dagolo] o FsptEe) 44 £EE 273~
566 °Cel® (Moon, 1991; Yun, So, 1991; Table 4),
Az FAEY FAEXREZRRE 49 259
L& E 138~380°CE B ¥ o] Ut} (Chung, 1986;
Moon, 1991; Yun, So, 1991; Table 3). ¢] &3 A&
E2 YE|E AR} gol2go|EL A RER
RE 49 F4F 2L v FARE B
F3 9tk
Eglololy] & ooty EfrEEe] FE <4
FzEyo] Az e AERE (Cluzel o al., 1990),
Edjolo}xrlg] $8 WEH FE|9 RERALES
AR}, olHE L TR B EFHS 5
TWF1E dde] HY B ge FRAEC] 8579
o] I oM A AARE do A=E
SojsA sier, AN A AFe) 7 &=
ol 7199E 4= ok B =EeA dEe|E 2=
9} T F3e W] AFY F gleuE o A
Ao} 22LFo] ARG AEFe] FHEA FdoIA
the S AT HEARER] Y E4= 719 ot
B Z4heEE BHsk] Base] glem, ogh &4t
$5L oA Fof] BELR} AATXE FAIF7] wiol
%o Ao BAREAS] FaRFE Fsitial
AZrE 2 ket
wEhA, B G| dox] S48 98 g
BFIEAESE & 1Al AaEAEGd o]2=
AdEo 48 &L @49 d&Fo] 7 ZA Y
EfgozZa gt EA7F FL 72 13253 o
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