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ABSTRACT: Greenish mica clasts were newly found in the fluvial deposits of the lower part of the Hasandong
Formation (the middle part of the Sindong Group) in southwestern area of the Gyeongsang Basin (Hadong,
Gyeongsangnam-do) and of the uppermost part of the Nakdong Formation (the lower part of the Sindong Group)
in northwestern area of the basin (Waegwan, Gyeongsangbuk-do). Based on the results of XRD and XRF analyses,
the greenish micas were identified as a chrome mica (fuchsite). The chrome mica clast-bearing deposits are
pebble-bearing coarse-grained sandstone of channel deposits not influenced by hydrothermal alteration or regional
metamorphism. The chrome mica clasts are rounded and closely associated with intraformational mudstone chips
derived from a floodplain, indicating that they were transported from upstream area by flooding. Chert pebbles
are also associated. Considering the kinds of chrome mica-beaing rocks, provenance geology of the Gyeonsang
Basin during the Early Cretaceous, previous reports of chrome mica occurrence in South Korea, and very restricted
occurrence of the chrome mica clasts in the Sindong Group, it is highly probable that they were derived from
hydrothermally altered ultramafic rocks. Since Lim ef al. (2019) suggested the existence of ultramfic rocks in the
Yeongnam Massif from Late Jurassic to Early Cretaceous, the detrital occurrence of the chrome micas with chert
pebbles in the Sindong Group implies partial existence of accretionary complex in the Yeongnam Massif during
the Sindong period. Further advanced study as to the provenance of the Gyeongsang Basin is therefore needed.
The occurrence of detrital chrome micas both in the lower part of the Hasandong Formation in southwestern area
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of the Gyeongsang Basin and in the uppermost part of the Nakdong Formation in northwestern area of the basin
suggests the possibility that two deposits can be chronostratigraphically correlated.

Key words: Gyeongsang Basin, Hasandong Formation, Nakdong Formation, chrome mica clasts, ultramafic rocks,

chronostratigraphy
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Fig. 1. Location and geological map of study area. a. Hadong area (Chang et al., 1989). b. Waegwan area (Tateiwa, 1929).
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Fig. 2. Stratigraphic sections of the lower (a, b, ¢) and upper parts (d, ) of the examined deposits of the lower part
of the Hasandong Formation at Hadong area. a. Site 1. b. Site 2. c. Site 3. d. Site 4. e. Site 5.
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Fig. 3. Occurrences of the lower part deposits in study area at Hadong. Site 1: a. An overall view of the outcrop
exposure consisting of channel (C) and floodplain deposits (F). b. The upper channel deposits (C) with sharp erosive
base on floodplain deposits (F). c. Lenticular bedding of the lower channel sandstones. d. Planar lamination in the
medium- to fine-grained sandstone of the lower channel deposits. e. Concentration of mudstone chips in the lower
channel deposits. f. Intertonguing of the channel deposits (C) and the natural levee deposits (N). Site 2: g. An overall
view of the outcrop exposure consisting of channel and floodplain deposits. h. A close view of g. i. A closer view
of h. Site 3: j. An overall view of the outcrop exposure consisting of floodplain deposits. k. A closer view of j.
Floodplain deposits (F) intercalated with crevasse splay deposits (Cd). k. A closer view of the crevasse splay deposit
with invertebrate bioturbation traces (arrow).
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Fig. 4. Occurrences of the upper part deposits in study area at Hadong. a. Lenticular-bedded channel sandstones.
b. Planar- to low-angular lamination in the medium- to fine-grained sandstones. c. Thinly interbedded to interlaminated
fine-grained sandstone to siltstone and mudstone with desiccation cracks and invertebrate burrows. d. Floodplain
deposits intercalated with crevasse channel deposit (arrow). e. Invertebrate bioturbation traces observed in the mud-
stone on the sandstone. f. Bivalve shell fossils (dotted circles) in the calcareous silty to shaly mudstones. g, h.
Pedogenic pseudoanticlines (arrow) (g) and slickensides (dotted circle) (h) observed in the silty to shaly mudstones.

317



318 WOIA - 215 - 7

olo] EH 2ol HE BHEA e SAHoR A7
Q] 4% S BT 1499 AELRAL o]
x| o] aliie} Abio] Wt sl de) Fezd
AP B s, Ed o2 A e

A4S T 4 mm WA 5 cm 27]9] ofd4 WA
Hrtert FEg W YRR AAEE 0, ofele] k=
S5 ARY HollA Bl A Setez wEEn
(29 5a, 5b, 5¢). R0 228w e FE YA}

Fig. 5. Occurrences of the chrome mica clasts from the lower part of the Hasandong Formation at sites 1 and 2 in
Hadong area. Site 1: a, b, c. Subrounded to well-rounded greenish chrome mica clasts (dotted circles) in the
coarse-grained sandstones. d. Chrome mica-bearing coarse-grained channel sandstones with erosive base on flood-
plain deposits. e. A close view of d. f. A chrome mica clast (arrow) in an abandoned rock from the coarse-grained
sandstones in e. g. Thin-section photomicrograph of the chrome mica-bearing coarse-grained sandstone showing
sublithic composition with a chert grain (Ch). h. Chrome mica clasts (dotted circles) associated with mudstone chips.
i. A chert clast associated with a chrome mica clast (dotted circle) in the coarse-grained sandstone. Site 2: j, k. Chrome
mica clasts (dotted circles) in the coarse-grained sandstones. 1. Outcrop exposure of the chrome mica-bearing

coarse-grained channel sandstones.
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Fig. 6. Occurrences of the chrome mica clasts from the uppermost part of the Nakdong Formation at Waegwan area.
a. Stratigraphic sections. b. Outcrop exposure of the chrome mica-bearing channel deposits. c. A close view of b.
d. A subrounded chrome mica clast (dotted circle) in the coarse-grained sandstone. e. Thin-section photomicrograph
of the chrome mica-bearing coarse-grained sublithic sandstone containing chert clast (Ch).
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247} BB EAL gotsy] o) X-AFFE ko2 2| JEAL A AZHA It Ao
A(F 1) X-A3-EA(2Y 7), SEM/EDS B4 2 Uehyith webd 548w BEe on(en
(2% 8a) 50] o]RojFom, HHo dEZoA A HEFE)E TAE Ao wotEc) I3 149
25HE a2 Ho] gis)a= SEM/EDS B4( A9 2 3-AS YEhlE A o2 Hof o2
g 8b)o] o] FolFth. FHAEERT YHEZO] IBE LRBE &3l o2 B 5 qlrk 3PA b
mHo| 3 SEM/EDS B4 A3 R T 320 34 "oz By ezl 1Mo /e Aes B’
7} ERIEHTHIY 8). sHFES0 IEemHd tf Atk

XA ARA) 22D ALY, 15mA,  Te LR(ERAEDE)IL e B B8
scan speed 2°26/min, A]4>1 seg, slit 1°~ 0.3 mm o] 9lom g 53] X-A A B At 71z 1

~ 1°2 S35t} o] AFHHE A8=1039, 501,  FEFTS W= oo, AR SY HE
450, 3.66, 3.33, 3.07, 2.56, 2.39, 2.14, 2.002, 1.664, 7} D Q&) o] ZALEof gt AAXNGYEA 3
1498 A 9] NS Y om(aY 7), o2 = IHH1)o] 23 o] FEQ| Sl (KorNaowCaooy)
F SR(EAEZE) == A= RIS (Aly.62Fe0.07Mg0.11Cr0.00) (Si3.52Ti0.02Al0.46) O10(OH) 2

Table 1. Chemical composition by XRF anaysis for the chrome mica clast from the Hasandong Formation at
site 1 of study area, Hadong.

Analyte Result Proc-Calc Line Net Int. BG Int.
Si0; 56.5417 % Quant.-FP SiKa 655.366 2.454
ALO; 28.5771 % Quant.-FP AlKa 544.942 31.661
KO 9.0719 % Quant.-FP K Ka 437.074 2.322
Cr03 1.8075 % Quant.-FP CrKa 49.791 0.465
Fe;O; 1.5097 % Quant.-FP FeKa 82.712 0.956
MgO 1.1691 % Quant.-FP MgKa 7.728 0.584
CaO 0.6547 % Quant.-FP CaKa 21.257 0.983
TiO, 0.3971 % Quant.-FP TiKa 3.935 0.168
Na,O 0.2428 % Quant.-FP NaKa 0.656 0.050
NiO 0.0284 % Quant.-FP NiKa 2.759 1.353

Proc-Calc, Processing Calculation; Int., Intensity; BG Int., Background Intensity; Quant.-FP, Quantitative
Fundamental parameter method.

0 10 20 30 40 50 60 70
20°CuKe

Fig. 7. XRD analysis for the chrome mica clast from the Hasandong Formation at site 1 of study area, Hadong.



2 A4tEQn) 22 37 2 ALl o, ol
O1(OH)2Z 7|E 22 ALttt o] 22 B
Cro] ZHAIZ A3 T U3 & 5 A
o} Cr Ai-& 238HA] §aL, o] BAATE 229
U¥EA Q1 AJ &3} v sl B H(Bailey, 1987), detol
E(illite) &] A&l 7 7HdA vrebdth webA Cr
= AT Xt deEfo|ER wdEE 53] Cr
= AT T3l SEFE telxls Bl B
%9 2 fuchsite®} maripositeZ LE3}7] = gtct.
Fuchsite= Cr& Z&3= S22 Cr0O57} 0.84-
3.95%2] HYE F=2 Ho|n, o] Ao = 6.08%
A= HuEY, o]5HT A& Tl ¥ &
E2E mariposite7} E = ch(Whitmore et al.,
1946). £4 A A& 2] F$- Cr0571 1.80% 0| B2
(1) fuchsite®] /g2 ®¢joll ZFHe T o]23t o]
A SEFES FELRQ] fuchsite?} mar-
ipositel= 2 Al Cro] x|&kslar gt o] 3t X
ghof w2t 2 45 w= A0 2 dBA ok
Crg 23t S RFE2 AFAAIS9 Al Sig
Hlgo] i3t Aol 2= 8= AR dA 9l
t}. &, fuchsite= A}JHAZ2] JEo] AlSi = 2:62
A Weme] ke 28 e WEoR Hu,
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mariposite= AFAA|EL] &0 AlSi = 1.7 7}
™ phengiteo]| 772 35 S HFO=Z B 9]
tH(Heinrich, 1965). o]#3t o2 & o] A&3t
BISFLRAIS On(OH)] 7]120.2 319, ALSi =
0.92:7.042 = o] mariposite2] AJEH|of wj-- 7174
o} wEbs] AFR| 99 sHibES Bl &S ol A AHEE
AFLEHY B} At FEFTY 1S HaiAl
= YR 28F2EA Fol dig =7t
A7t ot Ao = weE)

5. E 9

iAo g IR E G5 D GeutiFyt
I AHA T Aokt 5] FAH/G ARGl o7 WA
oA A& Ao 2 odE|A ¢lon, maripositel=
d 7199l ¥, fuchsite= ot WA 7|9 =
Fol sfgstaL, o] A9 WA 7199 fuchsite7} &
$7199] fuchsiteRt} G o Ao 7 HIEQ]
C(Heinrich, 1965). 0|2} B =418 w <k}
Ao ol M= ZE-2H 0] AbEo] o7 A oA B
J1=|9) o (Blackwelder, 1926; Eskola, 1933; Frankel,
1939; Basset, 1956; Padget, 1956; Clifford, 1957),

Spectrum 1

a
Element Weight (%)
(e} 37.59
Mg 0.84
Al 17.16
Si 28.45
K 9.74
Ti 0.43
Cr 3.39
Fe 2.41
Totals 100.00

Element Weight (%)
(e} 36.53
Mg 0.51
Al 19.11
Si 29.61
K 10.78
Ti 0.37
Cr 1.14
Fe 1.95
Totals 100.00

Fig. 8. SEM/EDS analysis for the chrome mica clasts from the Hasandong Formation (Hadong area) (a) and the

Nakdong Formation (Waegwan area) (b).
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o] A A Re HAZIYOE S =Gt g
B o A Eeolet) =4 51 f 28259
7|9 FAHAAAE, A U= 2EE YA =
THANA ] Gof o3t SRR E AFEH0]
HAdo 2 Fdd A, Geudiihg T2 2 a4
EJthLeo et al., 1965). o] o= 7=t
HAAn 7] 49 fuchsite (Babadzhanyan, 1960), &
THAZE 7199 3525 (Ergunalp, 1944), 2%
Aol 3231 3-2-2-2(Whitmore, 1946; Li et al., 2019),
Z0-ALe] HA] AE(Schreyer ef al., 1981; Ferenc
et al., 2016; Pirouei et al., 2020) 5 T}AsE A4S
JEQ w7} ¥ uE Q)

FE U] A9 2L FaT BB Aol
B3E A9E g S8} ol HAL o
207l B3 AR G EAL B0) Ak
Woll el BhE-9-2-5 (Imai et al., 1980)} 3]
o} 5 Ao SARST BAuAo| e e
-5 vEE-HRUE WX (Lee ef al., 1997; Lee and
Lee, 1997a)7} 9loH, 38R = S8 G5H A&
9] 7ol et a8 Bl 4
At HukQHERLA| o) 3wkt 1l oo |
Ao 2802 B 1E]QIrKLee and Lee, 1997b).
o9} g7 Song et al. (2004)+= g v Q] Aujik
|3 el et vk SATAUNN 2E3H
A9 5 Hagt vt Qlo} g ARGy

AN, HAY Fol obd EA Yol =
E3A 49 Ak&o] 3HiHEE(Lim et al., 2019)3 A
ZFZ(Hisada et al., 2008) o]l 4] E311¥ v} Q]c}.

AFR A9 sHisS EF SO FAAUHE] =
o= dids]] 9lov, Magth uie} Zo] A7A|Y
oA AtEdts AFXHE oy v
Zhg-2 WA oF2 FE YA Holl HHde =
st} Uehdtt. o]ef A 282 HEC| vt
£ W2 AHE gt I3 A ST ol50]
&/37140] obd HA7|AYU-E F3lo] AT g
H 7R Ho| AEsh= EF T Ueh= A%
Adshe st 3 3o e, e ko] Wt jigh
HEHZ9 U, SI=E A3 AW EH S
AE 59 B3 EAL o] 30| Adshd &4
oA EH =2 X|A31H(Galloway and Hobday,
1996; Bridge, 2006), o]= dMHe-32] AutAQl F
A3 1 F L3 Um et al., 1983; Paik and Lee,

1998). wahx| AR Go|A] 4HEE AEFHHES
AR B AELRE T ghae] A4
Lo ZHE 7|45t Ao 2 At 3tH FEL R
HE0] HolF9] 7|A 7o o] FHEL Y| b
=] 42 EE AL AFLRHES0] AFAGAA
o Yo 2 HE 7| A= U= A A gTt

SAEES TR ALY 7 UFE AR
Ae) 23 BAZo] REYE A4 Waske.
2 A=A, olof wzt sHibE3-2 7192 7
ApRA) Hze] oGS 3ol BAEe] SRR o
A =Y tH(Chang and Kim, 1968; Choi, 1986; Koh,
1986; Lee et al., 2015). 0]&} 3HA| A A o] =2 2]
ArE ARE 7202 HAES 71 Aeke] A2
At} EAJo] 3|4 = th(Lee, T.H. et al., 2018; Choi
et al., 2020). Lee, T.H. et al. (2018)2 34552 7]
A o] FH o2 Egfolofi7], HEr|-Al+
o, TAF-FAF, Ao -
o1719] o g2 o|RojHral 4 Fct. Choi et al.
(2020)2 sHFES EF A Holes LAY 71
Qo] AufAQl ¥hd, B 2o 9] 7] detol= =t
719) Adeo] $ABE AR BAsto] SHAHEE
o] 71913k Bdo] A1 B7lo] wet WS Ao
Atk ohel %% A9 HEEe] 1Aee 5
AES R Aelo) Z|AuT U S4S 7
A2 2 343}t ¢FH Lim et al. (2019)2 v]FA
4 Z4E o R ABST HF A A2
WEH 7] 9] Zhgeto] AfEE EXFPS Ao 3
Ashic

Sloh e AELEA) 7| $AT SHALES
B2 A BAEA 71 9A 9 AFEA, 28R
T A= A 55 SRE R 1 o, g4
Arje] Bt A S we 2 AU
olof HHE WIS 52 SHsS AFEEHY 7]
Agroz 24a) 2 5 ik oleh Wl AL
o] AIgtE SOl AREEE AL FHAU] oF
O e 7Rt ARl deRdtt vl Al e
SR ok @AYy S84 79 Lee and
Lee (1997b)o]] 28] H1¥ 29w S ujelst Wot
of Qigjo] wlelr] 7)o] SpYSUE 4I5S 28
SmHo) 7o mt A7 502 g ohert.
3, AAEA AZRel ] 2nAUYe] EA vt
e ord ST (Song et al., 2004)= A £J5t
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J= QI R] ¢ke Areo]th(Lim et al., 2019). w}
2hA A=A = AAEA ASA sHES 2E
SEAHO| 7] Aol thgh 21 A 1 A2 4 4= gl

Lim et al. (2019) 4153~ A} o] & ¢fofl o
gt uFHa(Cr, Ni 5) #AZ2TE vg o g, 7]
F7)-27] Wetr] 9 &l ol Y=
250 FANA7F EAFS A= A6
t}. o]} Al o] LHAMA7} AlFTHolA A=
Sk AEHA A9 71U Ao wdsigtt o
2kA] Lim et al. (2019)9] AF+A7e} A I 2R
7t LuEeto|E YO deid AR e AT
Z(Ferenc et al., 2016; Pirouei et al., 2020), 3}3Hs
39 AFERH EHFo] HEHSO| #RbE H,
AFEEHO| AlHE FENNT A= A T2
AEST B FA| S o2 RE 7| 7o
B3| (accretionary complex)7t G52 &t
22 EAQPE 7S AR wEtA A 5E
oA Az ZFHA A digt FEATLE S
S et e 24t E4Jo] Hrh bR o
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&31= HHH(Ogura, 1941; Kim et al., 2014) FAE
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