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Abshract : Authigenic minerals found in sandstones and mudrocks of the Lower Hayang Group (Cretaceous) in the central
part of the Kyungsang Basin are carbonate minerals (calcite, dolomite), clay minerals (illite, chlorite, C/S, I/S and
kaolinite), albite, quartz and hematite. Characteristic diagenetic mineral assemblages are as follows: albite-chlorite
(including C/S)-hematite in the Chilgog Formation, albite-illite-calcite in the Silla Conglomerate, illite-chlorite-hematite in
the Haman Formation and albite-chlorite-dolomite in the Panyawol Formation, respectively. Among clay minerals reflecting
the physical and chemical change of the diagenetic process, illite, the dominant clay mineral, occurs in every formation in
the study area. Chlorite occurs mainly in green or gray sandstones and mudrocks, or in sandstones and mudrocks of the
Chilogok Formation which contains a high content of volcanic materials. Based on the mineral assemblage, diagenetic
minerals are strongly related with source rocks. Judging from the illite crystallinity, diagenesis of sandstones and mudrocks
in the study area reached the late diagenetic stage or low grade metamorphisim. The diagenetic process was much
influenced by intrusion of the Bulguksa granite, content of organic materials, grain size, and depositional environment
rather than burial depth.

Keywords : Lower Hayang Group, sandstone, mudrock, diagenetic mineral, diagenesis
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Fig. 1. Geological map of the study area.
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A=k (Chang, 1975, 1977, 1988). &, A3ty
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Fig. 2. Sampling locality map of the study area.
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T30l (pestle)S 23] I AEFESS] dEgAS
w2 BEsle] AdolA A7 FEHA A F
HANZo2HE 10em oV 9 FREwe A
g &, YARNE o83l 2um olete] HEZ
S FEin) 228 2um olste] AEZES] A
e AIBE Al HEZEESY AWUTAG-
spacing) 2 YEolE AH = A4(Kiibler index, KI)
2 7t HEFEEY AR PSS Fefsp|
93 XA FARNE AEE 60°CY 2=27A
g™ F2]F(ethylene glyco)hZ AZ7IHolA 204]
2+ Z3A FHEi AgevelEst SUMS
+E317] A3k 2um 013}-4 NEE 1E ¥=9
A 247 WEEAIZ T A9 AlRE ARSI
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Fig. 3. XRD pattemn of authigenic minerals (<2 pm).
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Table 1. Authigenic minerals (<2pm) of the

SET () ARt ol

a4 meT 4N &

o 89 7 22 579

sandstones and mudrocks in the study area.

Sample Q Ab Ca Do I s Ch C/S Sm Ka He color KI  001/002
PS3 * sk * _ sk _ sk - - - - gray 0.32 0.60
PS4 * * * _ P _ ok - - - - gray 0.37 047
PS5 * * * _ _ _ dkk _ - - - gray - 0.46
PS6 * *x * - Hokok - . - - - - gray 0.37 -
PM1 * * * *k seokok _ sk . - - - gray 0.28 045
PM2 * * * ETe * N * - - - - gray 028 -
HS1 * * _ _ Kk _ - . - - * red 0.37 -
HMI _ _ _ _ Sk _ - - - - * red 046 -
HS6 * * * - sk _ - - - - - gray 043 -
HM2 * * * - Hokok * . N . - * red 0.30 -

HM3 * * * - ook - i - - - - green 030 065
HM4 * * * - kot - *hk - - - - gay 032 070
HS14 - - - - ok - - - - - * red 0.45 -
HS19 * - - - ook * - - - - - gray 0.37 -
HM5 * . _ - Sokok - . - - - * red 0.49 -
HM6 * * * R seskok . ok - . * * red 0.34 053
HM7 *k * *% _ *kk _ k% . * * - green 034 0.46
SS1 * * _ - ®%k - . - - - * red 0.30 -
SS2 - - - - ook - - - - - - red 0.37 -
SS6 * * * _ sk . *x _ . * * red 048 1.00
SS7 *k * _ . e _ * - - - - gray 0.52 1.00
SM1 * - * _ Sk _ - - * - * red 0.67 -
CS3 * * - - Fokk - *k - - - - gray 0.54 0.86
CS4 * * - - ® - ook - - - - gray 0.37 1.00
CcM4 * * * - ook _ ok - - - - gray 043 0.59
S5 * * _ _ %% * *x - - - * red 035 0.67
cs7 * * _ _ ook - . - - - - gray 0.56 -
S8 * * _ _ dokok _ . sk N - * red 052 -
CM5 * - *® - *okok - - ok - - * red 0.56 -
CM6 * * * - Fokok _ - *k - * * red 0.52 -
CS10 * *%k . - *kk - - * - - * red 0.57 -
M7 * * _ - sk _ . *% - - * red 045 -
csit * * * _ * _ . sk - - * red 0.56 -
CM8 * . - - whok * ok - - - * red 063 090
cs12 * * - - sokok - ** - - - - gray 034 053
CMO9 * _ * _ sokok _ *ik - - - * red 055 090
CcS13 * * _ _ sk _ Fokok . * * - gray 045 -

CS83, Chilgok sandstone 3; SS1, Silla sandstone 1; HM2, Haman mudrock 2; PM1, Panyawol mudrock 1; Q, quartz; Ab, albite;
Ca, calcite; Do, dolomite; I, illite; Ch, chlorite; Sm, smectite; Ka, kaolinite; He, hematite; KI, Kiibler index; 001/002, chlorite
peak intensity ratio of 14A and 7A; ***, abundant; **, common,; *, little; -, absent.

Udd =3 Az vldlge] AiEel s
UebdchHillier et al., 1996). ©] A7 R GolA A
ZHe JYUAL 019144)0] F37t 4, mka]
F TrEel 22 mUyo] $AEA UrEPdE}(FIg-
3a, Table 1).

$U G2 A0 ABE AAT oI Akt

M, &4 FEFS IR ARSI ulolEst
e Ag Adslze 9 Aol o1

Al A5 fARRE FESS BRIt AldelA et &
Hpo|E7} AREs] dAR2 o|ddl Hia] AldolA, &
o] gulolEstatgo] Loldlr] WEOE daH
H(Lee and Lee, 1998), 318F2AA, Alto| A Nadh
Fol FA JeERdthAI% 4 ¢, 2001).

EAERET WelAL agoul A FFelA
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oA thg FEE,
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Yzp|E HHT

XA SEEA A detelEL] (0012 dAe WA
A=rt Z713te) wEh AR o2 5 F(peak)’t W
& "ot ol8 3 A7 dEjolE AAZ(llite
crystallinityy=  Kiiber AFKDE  VFERHR]H,
(013 -] 1221 EoloMe] E& 20zt 2 e}
A Aoz, £A42M- T (diagenetic stage)et AHAS
24 SA(low grade metamorphic stage)E YUre
71Zo 2 Bo] AMg-drh(Kiibler, 1967, 1968).

A7 2] ARtz ol E3 Kie ARl
A 0.30-057, olgolA 0.28-0.63 HJFETH(Table
). Wb Kk 2AZ & o, o] dF AFY A}
ol o]¢he Kisch(1987)7} AN £474 ©A
(diagenetic stage, KI=042-1.0)1%] Hold] &4
(transitional stage, KI=0.25-042)%] slgdc}. I+
AGoA KRR $AV Xl o} F5id 532
Holx| £, 7Fg dHEQ vlokdZe] oA
7P @ ke woln), F3 GAlsk KRk Atolellm
213 248 HolA| ¢=th(Table 1).

obdel zolel] 7121d Ko H3lE dolrr] $13}
o F gl oA AR o|IAEE BOoE A
sl thFig. 2). $YT TN B2 AHT AL
ot oldNEAME F AheA AFHTF AE
(CS11-CM7, HS6-HM2)Z AlstzE olgrt A}
ollA] o 22 KRELS HItK(Table 1).

HMTES MHE

masio|ld o

AT Qo] AR I FEd wet oA
HHHAE e HoFt, &3] AT HAW
A PFog= 24 AR (framework component)E-2]
B, 3lk4 ws), ealgaEe A4 2 wE JE
FEe A 2 HAdsEY 34 & & F Utk
Algtel FAYAEL FEAR e} thh ZolE
Bou}, HuAslA FEHoZ LA AY HYE
248 By HAE AR HFoRE PHE
EEER LA-ESEINEE)e] SAsth A9URt
B2 A oRAES de e 4" 83
(pressure solution)=|o} B-HE HAYFS Holn, o
23 A% 29 AFUEL YA AeldlA wH
Ad 23 139 FE BATHE 4a). APFHS

Buol ZZor Uulo|E3}2E-(albitization)} 3}

8k 2ekak8 (chemical leaching)yS %ol A W
e FFE EQv HEE AR drAselN
o] FElElA o, 2AA 333 ngy ®
AAFET HEFEO] Fubhr) HEgh REAoR
WMol o8 woiE AMFAE £ B 4 o
E 4b). SRS HIRT T FNEEES FEE
o3 SAFAL HHA o wrfE FFE Hel
o} FH3 AdEHe shiEddME 3 54
FEES0] FEFoZ wAHo IYAHE ofFL A
2719} AFgAe] 2R AR Eo] HEHETH
AR ZAE(cementyE TAYAE Alole) T
A FEHR, pore-fillings)g WA, U4 & A
A 5 olth o] AY F8¥ HHYHE FFLEA
2AdFE] A RE ARYelA #EE B
FEL YRR Weldo)x, =B THA Ee We
o] Jkzdc). dujAsielx Welde HEZEDR
EAEY vehbe Svge J3A (fine-grained
calcite)o} Hlw3 & ARE olFH #¥d 7MiNS
Bolg F/A 2 A&drh. IR &3] AR
& IUEAY 438 F71d FEE ST H
02 AZHNZE 4de).

o] XY Algte] 8% JEFE WHAEZ ZU4

e glo

¢

A wE AL ue AR KK FHRE
AFZ AN, FFE 28 ez Jepdtt
@8 4f). 28F 4%, & FERFE(ilica cement)
& 7 FHFeE wASIAKFg. 4d ), EEAE
g HYGUAE el I overgrowth)dF FdE
Bel},

HAX o7 YEHE HiEE Y47 AHE F
AWAT 53] HR9rh ANEL Y FAd 9
& 33 AeAY, A484 A FH9E e
goz vehdth a9 A, A4 dAEE &
Smo} 7o HAREI wAA spehHey, 3t
HWelE AL Mo X7z, FAFEMEe FH
b AU WAHS met FAsEe] Jepdth
(Fig. 4c). AL 33 ZA9] ARk o]¢lolA
E518 A9S o] Fn veRdt)

o o0

HEYES MEQ

o] A3 ] ARt} ogllM AEHe HEZ
E2E dPolEY =yl diiEeld, ol
4 AES ZUstAY, 823 (grain coatings) %
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Fig. 4. Photomicrographs showing the mode of diagenetic alteraton. a) Physical deformation of a muscovite flake (M) between
microcline (Mi) and quartz (Q) grains in the sandstone( CS1) of the Chilgog Formation(crossed nicols). b) Plagioclase (P) par-
tially replaced by calcite(arrow) in the sandstone (HS 19) of the Haman Formation (crossed nicols). ¢) The alteration to hema-
tite (arrow) along the cleavages of biotite (B) in the sandstone (CS10) of the Chilgog Formation(crossed nicols). d) The dark
colored groundmass due to alteration of the basic volcanic rock fragment (VR) in the sandstone (CS10) of the Chilgog Forma-
tion (crossed nicols). ¢) Large calcite (C) filling the pore between euhedral quartz (arrow), detrital quartz (Q) and plagioclase (P)
grains in the sandstone (SS1) of the Silla Conglomerate (crossed nicols). ) Pore filling chlorite (CH) in the tuffaceous sandstone

(CS4) of the Chilgog Formation quartz (Q)(crossed nicols).

TEFANOE A2Hr),

djolEx FARNA slolA thokst Helz A&
o}, 94, 23F Al B dejelE A
oloA} Fl&EtelES] EHZF AARY HEE
(booklet textureys Hol= Ulo|Ev} A&HThFig.
5b). EE§H, GHlolE Yz} 9ol 2|7 dejolE AHo)

A7sle, dulolEr} mEERNE S Hon
(Fig. 5c), YAAlole] 338 AT oz A&
571= @thFig. 5d). HIRANA sl Zuse
o FA e FAL wy IS FAAY, ¢
HFEY] 2749 WAE AL St FAKA)
A el wUAe oz Fplates) Bl
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Fig. 5. SEM micrographs showing characteristic authigenic textures of some important diagenetic minerals. () Smectite (S and
arrow) of webby morphology in the mudrock (CM7) of the Chilgog Formation. (b) Booklet shaped illite (arrow) in the sand-
stone (CS12) of the Chilgog Formation. c) Authigenic illite (arrow) on the detrital albite grain (Ab) in the mudrock (CM?7) of
the Chilgog Formation. d) Detrital quartz grain (Q) contacted with fine-grained authigenic illite (arrow) in the sandstone (SS6) of
the Silla Conglomerate. €) Authigenic pore-filling chlorite, showing cabbage-shaped, in the sandstone (SS6) of the Silla Con-
glomerate, f) EDX of the booklet shaped illite (Fig. 5b) in the sandstone (CS12) of the Chilgog Formation.

FilF meo] &3] WAAKFig. Se). ol EF
& MgO7h $5-3 ZuAe] Fejo 71chHillier ef
al, 1996). T3 F7& A¢AY dAE FE ke
el E3lA Aedoh 44 Al Lol o3
P49 2235S wel A" B, A48 BE

A7 e AH oz IFHE FE2 FUNo] B
Foll FHE $4719UE AA g D7 AHIA
ZelElo|Ex TE/ AEHT AFZ AMo|gtellA
2Helo|Ex EAXA AvF (webby)72E BT
(Fig. 5a).
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E 9

SMEE| My Hol

A 2 ARt oA AEF e SAFES
&3 vl o] dFolE, UM, AHEl|E, A
SYo|E 2 EF Z~H(mixed-layered) HEFE<]
C/SS} US, BRHEF BTSN, W), B AN F
o] Qlct.

HEFEL &80 Azl FAHY, dlEz7]
of W} 2% st AL W3t FolE H
eIt} (Boles and Franks, 1979; Eslinger and Pevear,
1988; Hower, 1981; Hower et al., 1976). ©] X|¥9
A} &3 ZH(mixed-layered) HEZE2 €/} 159
Ele o] Yo 2HER|ET} 2] FEZEE
AFANSE AR} detelEe) muMe] Hg)
A2 7rse 2Yel|EE A2 $A4%7 0
AAE o] EE A FAEHe
(Bjorlykke and Aagaard, 1992), T}&H F75A
Helo]Ex Yefo|EYt ZUM O R Holdr), A
olES} delolEx 38 AJHo] e Aolsl
depolEsltEo s T TE FEo| e 44
B2 AL =Y, IFe] 2HEolEs 4de] &
& ¥ chBoles and Franks, 1979). 601A 80°ColA
Aogel] didll A E3kE Ael7He-A(aqueous silica)
o] FAHH, HjFoE EQMY AnElEE &
3lelth(Aagaard and Helgeson, 1983; Sass et al.,
1987). o|df ZHE]EA do|E FL FyHe
2 ¥gke 3359 HHEHY] 2] HAEIA
Mg”, K'¢] sxs} #89 oz Y4y & &
AElolEE Mg, & K'9 whgdle] U B0
dglolEg} XYL FAs oy feld Cae W
] S zHsH 2 Aol wehr, Aldel
A AR HEE ZUSAY, 58 F8 He
2@E 4de), AEHE ARH WM 37 &4
Zg-9] AR FXEh

AUl Ex GF ZEAA AFOE AEHT
(Table 1). F4ZF 7] 34 ARKCS12)0A4] 2+
ZE Hole do|ES EAle dfolETt A&y
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