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Fig. 1. Geologic map of western Euiseong area in the
northern part of Kyongsang basin (modified after
Bong-Kyun Kim et al. 1977). 1: Hasandong Fm., I :
Jinju Fm., III : lljig Fm., IV : Hupyeongdong Fm., V:
Jeomgog Fm., VI : Quaternary Alluvium, 1 : Gumi Sec-
tion TI, 2 : Doog Section, 3 : Majeon Section, 4 : Chang-
gil Section, 5 : Pyeongpal Section, 6 : Guggok Sectiomn,
: Jungang highway, @: observation site.
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Fig. 2. Columnar section and sample site of the Jinju
Formation, western Euiseong area.
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Fig. 3. Columnar section and sample site of the Iljig
Formation, western Euiseong area. Lithologic sym-
bols are the same as those of Fig. 2.
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422%01c}, 2 F A4 A% (monocrystalline
quartz)> HdF 40.3%, BHAAA A9
(polycrystalline quartz)2 S 1.9%= S A
ojo] gt o2 $AsIHFig. 4A).

Ae Ao 24.1-40.8%F AW HF
31.7% Rl sloh M2 AT Aol
i yRola mlabA o] gk EFHEICH AMA 9l
A} Foll= EA Fol| dulo] E3} 2hgol 2)3}e] vb
e wE Ax gloA(Fig. 4B), 18 -
Hol-s]]/(_“"% A]”‘c}&}g«i _‘53_7(5] ?_5]'31‘:‘]'(’1‘81)16 1) A]'zo]'&‘)
o AR qulslE-qtd|Alel sidsle B B
3 ulel| E-zhantegAl & Bo{Fr|e g} A
AL diiE Al AR AREL A
Zlo] =B, Wals]e] v|Ag ey AAEo] &
o1& 9l

HHLE 1.6~12.4%2, B 5.0% = drt.
o] FHe oafsiel Aed-FuA] #He, Aed-
E85 #Hed Avish, &0l E, HUA St 59
WA, sPkebat gt 59 A, eln
HE, AEAE A 5 HAYgH] 2% -
tl. ol E F 37t o WA He] & Heles d
Aqlio] $-A3k Holr},

TEFE U 39%F iF-E BRI 3
ol FaYslA Fol=d], 53] APzt A
she}, =3k EARIRE Abolell i FEo] vehi=
A4 E3lcH(Fig. 4C). #433E(other frame-
work grains)< ZHd4, £34, 44, A7, =
yA 5o FHEEA 1 ok uf-f AL

71A (matrix)& 1.5~12.0%2] AHEH9E B
ol#llv}o] E(arenite)oll sidgch. Aedsizle] i
-2 o}4l8 (subrounded) WA| o}z (subangular)
olv], §]2lE2] H&-L F2 A4 Z(long contact)o]
3 =%A 334 AZ(sutured contac)E Ho)7)
= FcHFig. 4D). AAA ez B o, xlgle] 2%
AsTE ol S (k¢ siwdsic),

e
>
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>

=2 Alote] FEFAIA Mo} A gkl
AFEZa cha Apolzl deH(Table 2). A 9L
34.3~52.9%%] AFEHE Ho] HIF 40.2%S A
Az}, -8 A Ao|n], BAAA Mejo 3
& 2.1%9 AA] oker)h AAL 22.2~53.802)
Ao g Vel el B3 37.3%248 AFS(3 T
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Table 1. Petrographic detrital mode of sandstones from the Jinju Formation, western Euisenon area. (unit:in %)

Jinju Fm. Lower Middle Upper
Sample No. J-1 J4 )7 J-8 J-91 J11 J-12 J-14 J-15| J-17 J-18 J-19 J-20 J-21 J-24 ]J-26

Siliceous resistates

Non-Und. Qtz. 156 23.8 14.2 20.7 17.1} 27.1 21.0 19.0 28.5( 21.8 30.8 30.8 29.7 30.2 23.6 19.8

Undulatory Qtz. 239 20.7 229 139 259! 174 234 197 93| 92 120 11.3 82 138 144 21.7

Polycrystalline Qtz. 0.3 0 26 52 05| 18 16 23 20| 15 25 24 19 20 18 22

subtotal 39.8 44.5 39.7 39.8 43.5| 46.3 46.0 41.0 39.8| 325 453 445 398 46.0 398 43.7

Chert 08 12 04 0 08 08 04 038 0 16 20 40 40 20 32 08
Feldspars

Orthoclase 11.8 158 7.4 103 11| 78 7.9 137 132 50 10.8 189 99 141 125 246

Microcline 0 0 0 0 0 0 0 04 038 0 0 04 0 04 04 04

Plagioclase 229 250 26.8 13.0 33.7| 186 253 129 14.7{ 21.0 215 179 17.6 19.5 0 103

Cal.rep. of plag. 04 tr. tr. 08 tr.| tr. tr. tr. 04| 04 tr. 04 tr. tr. 0 04

subtotal 35.1 40.8 34.2 24.1 34.8| 264 332 27.0 29.1} 264 323 376 275 34.0 129 357
Labile Fragments

Igneous R.F. 0 12 0 08 0 0 0 0 0 0.8 0 0 0 0 04 0

Sedimentary R.F. 0 0 0 0 08| 04 04 12 0 0 0 0 0 0 0 0

Metamorphic R.F. 16 28 48 116 20| 32 100 52 52 32 32 36 40 56 52 28

subtotal 1.6 40 48 124 28| 36 104 64 52 40 32 36 40 56 56 28
Cement and Matrix

Pore fill Chlorite 0 tr. tr. tr. 0 0 tr. tr. tr. tr. 0 tr. tr. tr. tr. 0

Pore fill Calcite 132 40 80 88 52| 72 56 68 92| 224 64 40 144 6.0 84 5.2

Clay and F.G.C. 43 15 117 113 73| 93 20 120 111 73 20 15 43 20 113 71

subtotal 175 55 19.7 20.1 125( 165 7.6 13.8 203| 29.7 84 55 187 8.0 19.7 123
Micas 52 28 04 24 40| 60 24 40 46 48 72 24 60 44 20 39
Other Framework Grains 0 12 08 12 16| 04 0 20 10| 10 16 24 0 0 24 038
QP/(F+R) 0.01 0 0.07 0.14 0.01] 0.06 0.04 0.07 0.06 0.05 0.07 0.06 0.06 0.05 0.10 0.06
(Qp+Qm)(F+R) 1.08 0.99 1.02 1.09 1.16| 1.54 1.06 1.23 1.16( 1.07 1.28 1.08 1.26 1.16 2.15 1.14
F.G.C.=Fine Grained Calcite, Qp/(F+R)=Polycrystalline Qtz./(Feldspars+Labile Fragments), (Qp+Qm)/(F+R)=

(Polycrystalline Qtz.+Monocrystalline Qtz.)/(Feldspars+Labile Fragments),tr.=trace.
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Aod - -dH(Q-F-L) 47t =(Pettijohn et al.
1972)ell =A3H4, F 39 At ZF 434 o}
#lLto] E(arkosic arenite) sl 3= th(Figs. 4F, 5).

Alle] FERAE AR 3 1A =
T2 Y wel F2  Fd3kS WA =led
(Petijohn ef al., 1972), A7A9 Alte] T 71844
o] z3% ¢)2+&= Dickinson ef al. (1983)2] Q-F-L
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Fig. 4. Photomicrographs showing the lithologic characters of some sandstones from the Jinju and Iljig formations,
western Euiseong area. A) A polycrystalline quartz grain (q.p) in arkosic arenite, Jinju Fm.; B) Albitized pla-
gioclase, plagioclase (p) replaced by calcite (c) in arkosic arenite, Jinju Fm.; C) Physical deformation of a muscov-
ite flake (m) between quartz (q) and K-feldspar (k) grains in arkosic arenite, Jinju Fm.; D) Pressure solution and
subsequent suturing (arrow) of quartz grains (q) resulting from compaction in arkosic arenite, Jinju Fm.; E) A
schist-like rock fragment (s} in arkosic arenite, Iljig Fm.; F) Typical arkosic lithology in arkosic arenite, Iljig Fm.
Note numerous grains of plagioclase (p), K-feldspar (k), and quartz (q). All are under crossed nicols.
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7re] BAE olalislr] f18ted, XRFo & gt
(B EAE Ealo, 2470 ARdoll sl FA4
AE BAS A sk Tables 3, 4). 33 A&
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o}, B8 X2 Pettijohn(1975)¢] atz= CMI 7t
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Table 2. Petrographic detrital mode of sandstones from the lljig Formation, western Euiseong area. (unit:in %)

Ijig Fm. Lower Middle Upper
Sample No. I-1 I-2 T4 I-6 I-7 1-9 I-10|1-11 I-15 I-17 I-18 I-19|1-22 1-23 I-26 [-27 1-28 1-29 1-30 I-31

Siliceous resistates

Non-Und. Qtz. 20.215.7 9.014.814.2 14.7 18.7125.8 20.0 12.0 10.0 20.1117.7 22.325.1 17.5 30.9 20.0 12.6 23.2

Undulatory Qtz. 15.7 18.6 22.6 21.7 18.7 18.8 17.7| 7.8 11.334.3 23.7 26.0|14.5 27.2 25.8 18.0 14.6 13.5 24.3 22.6

Polycrystalline Qtz. | 3.1 3.3 2.7 25 14 23 26| 07 28 1.0 06 12| 21 34 20 35 1.8 41 02 12

subtotal 39.0 37.6 34.3 39.0 34.3 35.8 39.0 | 34.3 34.3 47.3 34.3 47.3]|34.3 52.952.9 39.0 47.3 37.6 37.1 47.0

Chert 04 12 12 0 0 19 1.2 008 0 0 20016 0 O O 012 0 O
Feldspars

Orthoclase 16.3 26.2 15.817.0 20.6 28.2 17.4]|21.0 10.5 55299 9.2(24.6 6.8 7.513.217525.329.3 7.0

Microcline 16 20 04 04 16 0 08 004 0 0 0 0 04 1.2 04 0 08 04 04

Plagioclase 16.9 16.8 24.419.9 25.1 21.6 21.4(15.1 35.8254 9.4 11.1(15.1 17.215.7 22.0 11.8 20.3 23.3 14.8

Cal.rep. of plag. tr. tr. tr. tr. tr. 04 tr.| 0.8 tr. tr. tr. tr.| tr. 04 tr. tr. tr. tr. 0.8 tr.

subtotal 34.8 45.0 40.6 37.3 47.3 50.2 39.6(36.9 46.7 30.9 39.3 20.3|39.7 24.8 24.4 35.6 29.3 46.4 53.8 22.2
Labile Fragments

Igneous R.F. 08 04 0 08 0 04 008 0 0 0 0 ¢ 08 16 08 04 0 0 O

Sedimentary R.F. 0O 0 0 0 0 04 0 0 0 0 o 0 o 0 0 0 0 0 0 O

Metamorphic R.F. 52 52 36 04 08 31 64|32 32 0 0 75|72 04 20 16 12 28 16 24

subtotal 60 56 36 12 08 39 64| 40 32 0 0 75| 72 12 36 2.4 16 28 16 24
Cement and Matrix

Pore fill Chlorite tr. tr. 0 O O tr. tr| tr. tr. O O tr.| tr. O tr. O O tr. QO O

Pore fill Calcite 6.8 12124 4.0 92 tr. 36(108 7.2128 8.7 16.2{124 2.8 28 68128 08 12118

Clay and F.G.C. 70 7.0 23 69 20 63 7.0/ 20 1.8 3.0 23 31| 20123123 7.0 3.0 7.2 43123

subtotal 13.8 82 14.710911.2 6.3 10.6/12.8 9.015.8 11.0 19.3]|14.4 15.1 15.1 13.815.8 8.0 5.5 24.1
Micas 32 20 52 40 32 15 1.2} 44 52 48111 36| 1.6 24 1.2 40 2.8 24 2.0 27
Other Framework 28 04 04 76 32 04 20 76 08 1.2 43 0] 1.2 36 28 52 32 16 0 16

Grains
Qp/(F+R) 0.08 0.07 0.06 0.06 0.03 0.04 0.06(0.02 0.06 0.03 0.02 0.04]0.04 0.13 0.07 0.09 0.06 0.08 0.00 0.05
(Qp+Qm)/(F+R) 0.96 0.74 0.78 1.01 0.71 0.66 0.85{0.84 0.69 1.53 0.87 1.70|0.73 2.03 1.89 1.03 1.53 0.76 0.67 1.91
F.G.C=Fine Grained Calcite, Qp/(F+R)=Polycrystalline Qtz./(FeldsparstLabile Fragments), (Qp+Qm)/(F+R)=

(Polycrystalline Qtz.+Monocrystalline Qtz.)/(Feldspars+Labile Fragments), tr.=trace.

BeHE B b wolh, 7 AR g

Zell o 71kt

F45 8

ov:‘é‘éj_

tlo

ul A soll A ) A44 At

43

2H8-g uke Zl3) A o] gl 7o 2 M xc)
CaOx A i1 FEURPE AslollA] 3
HA = Ao Wol £3 WA -E(cement)llA

59 FX(Tables 1, 2)7 AAAA Aztsind,
SiOA= 72 A3 ikl FEERE fEd A
o & FA = Pettijohn(1975)9] ¢z=0] H#g
o)l 7igte}, 283 ALOsE T2 7|AR &
2359 ofd #-9-5= Zle 2 Ak, Pet-
tijohn(1975)2] &z=2] HageFrrt £ Ho g
Rol Q|2 A Fo| Ags] WA g A
o] sl Aoz M) vy ¥ NaO ke
Ao Wl -1 Foll A el E 2R dhdEe,
53] Na, 0§22 Pettijohn(1975)2] 3ztrc} &

A ), o) AR AP qlAtEe] dule]E3)

" Aeg FAH) Fe0,2 XY AAd=
(total iron)¥ MgO+ F& A, 3|4, -4,
53R oYY F2 ZHNES, 2delelE,
Aol E, HA4 5o JEFEE 7|A 2 5
2 EA5te gl 4§ ABoM MgO 3ol
vl 3 Feolft= £ o3k AR fFAES
7 2} (Blatt et al., 1972).

Flg 7‘\%‘ SIO[%.‘ iol’%"—g-i %]’57_, Ale:s, FezO;;,
Mg0$] #3hE BolF3 9lrk Si0, gako] Z7}
ol wet ALO, 32 Al Aol AR

A At eE ALO, o]l w248 weishd,
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Fig. 5. Ternary diagram showing classification of
sandstones from western Euiseong area(according to
classification scheme of Pettijohn et al. ,1972). Q:
quartz, F:feldspar, L :lithic fragments, Q.A. : quartz
arenite, S.A. :subarkose, S.L.:sublitharenite, A.A.:
arkosic arenite, L.A. ! lithic arenite.

of

Fig. 7A€ 718422 A 89 =& 2t
e (Miki and Matsueda, 1992; 2lA s} Ale
A}, 1995). AF3 AREE & ol AFH ] v
g JEEEE Mol Hingd, dRZ AgtelM =
QA 72 fJ=iste] Fo] g2 7o AdE}
(Fig. 7A).

Fe,0, (Fig. 7B)Z MgO (Fig. 70) &= =%
A2 G Hold, Si0, ke Frlol ule} F
e BT Al Aot ol olf= o

52 Apere] SAYASS A B2k A4

Yils

o2
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o Jinju Fm.

a llig Fm.

L

Fig. 6. QFL diagram for sandstone from western Eu-
iseong area in relation to provenance type(after
Dicknson et al. 1983). Q: total quartzose grains in-
cluding polycrystalline lithic grains of chert and quart-
zite, F :monocrystalline feldspar grains{plagioclase
and K-feldspar), L :igneous, metamorphic and sed-
imentary unstable polycrystalline lithic grains; I : cra-
ton interior, II: transitional continental, III : base-
ment uplift, IV : recycled orogen, V : dissected arc, VI
: transitional arc, VII : undissected arc.

o Bxe] $EHEE Feeh Mghd¥o] J7) feal
Aoz g}

bt

Abere]l AEL 2 71Ae] 272§ uw
2t ZA e whon, ol 7)F, HAHH

Table 3. Major element composition of sandstones from the Jinju Formation, western Euiseong area. (unit:in %)

Jinju Fm. Lower Middle Upper Pettijohn (1975)
Sample No. J-2 J6 J-7 J8 J9 J11 J12 J-14| J18 J19 J-22 ]-26 LA GW AR
Si0, 748 743 758 757 758 751 782 744 708 721 70.0 745| 661 66.7 771
Ti0, 0.2 0.2 0.1 0.2 03 0.3 0.2 0.2 0.5 0.2 04 0.2 0.3 0.6 0.3
ALO; 12.0 125 122 9.9 117} 121 100 114} 117 115 106 13.4 81 135 8.7
Fe,05* 0.8 14 1.0 1.9 20 1.7 16 14 3.5 1.5 2.5 14 5.2 5.1 2.2
MnO nd. nd nd nd nd| nd nd 01 01 01 01 nd 14 35 07
MgO 0.6 0.8 0.5 09 08 1.0 0.9 0.7 21 0.6 14 07 24 2.1 0.5
Ca0 2.8 24 2.1 35 1.7 1.5 1.7 2.9 2.9 4.1 54 1.2 6.2 2.5 2.7
Na;0 3.8 34 4.3 29 30 2.6 2.7 3.5 2.7 3.9 2.7 36 0.9 2.9 15
K0 1.6 2.2 1.4 1.2 1.7 2.1 1.5 2.0 1.5 1.4 1.5 32 1.3 2.0 2.8
P.Os nd. nd nd 0.1 n.d. 0.1 nd 0.1 0.1 0.1 0.1 nd. 0.1 0.2 0.1
Ign.loss 3.0 2.6 2.0 37 25 31 2.9 3.0 4.0 4.1 5.1 14
Si0,/ALO: 6.2 59 6.2 77 6.5 6.2 7.8 6.5 6.1 6.3 6.6 5.6 8.2 4.9 8.9

*total iron as Fe, 0., LA=lithic arenite, GW=graywacke, AR=arkose., n.d.=not determined.
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Table 4. Major element composition of sandstones from the Iljig Formation, western Euiseong area. (unitiin %)

Illjig Fm. Lower Middle Upper Pettijohn (1975)
Sample No. 3 14 16 1I9 111 I-18 I-19 I-20} 1-23 1I-28 I-30 [-31 LA GW AR
SiO, 782 757 735 79.0| 701 742 819 804| 756 759 778 748| 661 667 771
TiO, 0.1 0.2 0.2 01 04 04 0.2 01 0.2 0.1 0.1 0.2 0.3 0.6 0.3
AlOs 114 125 138 120| 135 11.8 93 92| 130 131 127 118 81 135 87
Fe,0;* 1.0 15 1.6 06 2.8 2.7 1.3 09 14 1.0 08 11 5.2 5.1 2.2
MnO nd. nd nd nd nd. nd nd 01 nd. nd. nd 01 14 3.5 0.7
MgO 0.2 0.5 05 0.2 1.1 1.2 05 01 0.3 0.2 0.2 03 24 2.1 0.5
CaO 1.0 1.0 08 01 2.3 1.5 0.8 21 0.9 1.0 0.2 29 6.2 25 2.9
Na,O 5.0 44 52 52 3.0 34 34 33 5.0 4.9 48 50 0.9 29 1.5
K0 15 2.2 23 17 24 1.7 1.2 1.0 2.3 24 25 12 1.3 2.0 2.8
P;0s nd. nd 01 nd 0.1 01 01 nd| nd nd nd 01 0.1 02 01
Ign.loss 14 1.5 1.5 05 4.2 2.6 1.1 22 1.2 1.2 04 23
Si02/AlLLO;, 6.9 6.1 53 66 5.2 6.3 8.8 87 5.8 5.8 61 64 8.2 49 8.9

*total iron as Fe,0s, LA=lithic arenite, GW=graywacke, AR=arkose., n.d.=not determined.
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Fig. 7. Si0,-Oxides diagrams for sandstones from
western Euiseong area. For reference, average values
for arkose(* : AR), graywacke(< :GWand lithic
arenite(A 1 LA) from Pettijohn (1975) are plotted
(See tables 3 and 4 for analytical results).

Y &AL Sof 9alolr oS WAl Hoh
(Pettijohn et al., 1972). 71%% Akke] 7434

A} 2 (framework grain composition)& TAI3h=
o] 223 89le] FAut (Krynine, 1950), 7%
A gl Brhs Addes d % lo® oy
HAtHCrook, 1968). 1 ¥ Algte] A¥-& 71429
2724 YA wet ZA fFe] AAHE AL
Z 98 A (Dickinson and Suczek, 1979; In-
gersoll and Suczek, 1979). ZLe{vt 71%= Ak
ARg zA W3 A7)xe Ei sieisks Al
o] 3L Ak M ¥ 29 59 iz
2F83beo], A7 FellA ] FIAIE-L F-F A Hell
v)e] 2gA 2 FALYHGarner, 1959). & AR
A BN EoF FAANAL F3lo] 715 AL
ukod 1=l (Grantham and Velbel, 1988; Suttn-
er and Dutta, 1986; Velbel and Saad, 1991), JI&
59, o8] #EZ FAY 53E(polymineralic)
otde] b2 71327 & AFF 7159 F&% 7]
FolA ;M7 EA - skekd FEE wed,
1 Z3AE-S ZHz ©bE 7ol Fig. 8ollAsh 2
o] Axg 71Tl 2 BFEGATN HFE
(monomineralic) A 52] E3HakEo] S-A51A
ehls wbdel, $48 7150 FAEES ASd
A7) Fo A2} vlsEA gt L3 ahe3t 22 33}
= E3pabg-g wrowl Eslo) 3t 9HA FE
(monocrystalline resistate)o|vt F3}el] oFgh 2
] (monocrystalline labile)33-8o] $-A|3}c}. ule}
A A ko] gl gt BAAA Aede] vlE
o AxMede] va-S walr A" B9 71§
A A A 2A #4387 = A ek(Suttner ef al., 1981).
329 33" A4 E(chemical maturity)E
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Fig. 8. Origin of enrichment of polycrystalline quartz
through weathering in a humid climate. Large poly-
minerallic rock fragments break down chemically and
physically. In humid climate, labile mineral grains are
preferentially lost to solution during the weathering
process. This results in more polycrystalline quartz
grains in the residue produced by the parent rock
fragment (after Suttner and Dutta, 1986).
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Fig. 9. Chemical maturity of sandstones from west-
ern Euiseong area expressed as a function of percent
Si0, and total percent Al:O; KO and Na:O. Climate
boundary from Suttner and Dutta(1986).

Si0, #=ket SiOJ/ALOEAM  eRATH(Potter,
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(Suttner and Dutta, 1986). <3729 Ajate] =)
4 AREE A AFET AR Ee Ake =
F Az7|F(arid) 39 HA=HFig. 9). FE
Aol 23t Azr|Fe} 5875 FEE o Al
E3l7] flsled, Altel EAYAL A& o] 838l
24 FAe] 71FE AR sedcK(Suttner
and Dutta, 1986). 87242 Aed /A4l +<tH 2] 1]
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Fig. 10. Bivariant log/log plot of the ratio of poly-
crystalline quartz to feldspar plus rock fragments
against the ratio of total quartz to feldspar plus rock
fragments in sandstones from western Euiseong area.
Climate boundaries from Suttner and Dutta(1986).
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Sandstone composition and Paleoclimate of cretaceous Jinju and
Iljig Formations of the Western Euiseong Area in the
northern Part of Kyongsang Basin

Jin A Park, Yong Tae Lee, Sang Wook Kim and In Seok Koh
Department of Geology, Kyungpook National University, Taegu, 702-701 Korea

ABSTRACT : Provenance type and paleoclimate of the Jinju and Iljig formations were studied on the
basis of compositions of sandstones from the western Euiseong area in the northern part of Kyong-
sang basin. The average compositions of quartz, feldspar and lithic grain(Q:F:L) from the sand-
stones are 53:40:7 and 50:46:4 for Jinju and Iljig formations, respectively. The values fall into the
arkosic arenite field. Petrographic detrital modes of the sandstones mainly suggest transitional con-
tinental block for the tectonic setting of the provenance. All sandstones from the Jinju and Iljig for-
mations show chemical compositions close to average values of arkose(Pettijohn, 1975). Na,O con-
tents is relatively high. FeO,(total iron) and MgO contents decrease with increasing SiO. contents
since the framework grains of arkoses supposed to be derived from granitic rocks are poor in fer-
romagnesian minerals. The detrital framework grains still possess climatic signs even though the
grains were more or less altered during deep burial. Bivariant plot of Suttner and Dutta(1986) sug-
gests semi-arid to semi-humid paleoclimate during the deposition of the Jinju and Iljig sandstones.

Key words : northern part of Kyongsang basin, Jinju formation, Iljig formation, sandstone composttion,
paleoclimate
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