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Mineralogy and Geochemistry of Quaternary Fault Gouges in the
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ABSTRACT : XRF, XRD, EPMA have been used to investigate microstructures and mineralogical
changes caused by the faulting and fluids associated with faulting in the Quaternary fault gouge zones at
the Sangchon, Ipsil and Wangsan faults located at the southeastern part of the Korean Peninsula. The
chemical compositions of faulted rocks and protoliths analyzed by XRF show that the fault gouges are
relatively enriched in TiO;, P,Os, MgO, and Fe;Os compared with protoliths, indicating that the fluids
associated with faulting were highly activated. XRD results show that the fault gouges predominantly
consist of quartz, feldspar, calcite and clay minerals. Clay minerals formed in the gouge zones are mainly
composed of smectite characterized by a dioctahedral sheet. Based on EPMA analyses various kinds of
sulfide, carbonate, phosphate minerals were identified in the gouge zones and protoliths. Xenotime of grey
fault gouge of the Sangchon fault and sulfide minerals of contact andesitic rock of Ipsil fault and contact
grey andesitic rock of Wangsan fault were probably formed by inflow of hydrothermal solution associated
with faulting prior to the Quaternary. Carbonate minerals of contact andesitic rock and gouge zone of the
Ipsil fault were formed by inflow of fluid associated with faulting prior to the Quaternary. They are
heavily fractured and have reaction rim on their edge, indicating that faultings and inflow of fluids were
highly activated after carbonate minerals were formed. Calcites of Wangsan fault seemed to be formed in
syntectonic or posttectonic Quaternary faulting.

Key words : Quaternary fault, gouge zone, xenotime, sulfide mineral, carbonate mineral
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Fig. 1. Geological map of the study area. 1: Allu-
vium, 2: Tertiary formations, 3: Bulguksa intrusive
rocks, 4: Yucheon group, 5: Hayang group, 6: fault.
(a): Milyang Fault, (b): Moryang Fault, (c):
Yangsan Fault, (d): Dongrae Fault, (e): Ulsan Fault.
Small dots represent locations of the Quaternary
Ipsil fault, and II:

Wangsan fault).

< Bk BAA BYLHF @ 2 Sl #
ARHoz golE 272 A3V
7l FHFLR FAH UrkFig
D. #FFE HHAFE F2 44, 534,

e it
ot

flo
-z

N
o
A=)
2L
=

PN % WyRgon EA-
CRAFTE PAA L doNe

QASH, BN RS, B

T M

o
Mo
!
b
o
©
N
N
%
1
Job
N
Y
o]
2,



3
25 cm)] F 7| HIAWE FIEA FEEH
(Fig. 22). A47133 A5 Q&= F84 v
= FE AZ 714 2Hd dHor F4
o gla 7|de Aoty Al sttt
Aal de A wAg= gHo] A gl A
HAd 71HEZT o]FolA Ut

o EU ] _‘9‘}7]—0]—_,,]. 0}-)\]—0]—01 I}]-Z
A22 a5 35t Ak RAYHLD o
e A7) HAEE Pl Lo
olth. 47| wE E 3 E 0
c} ok 5 m9] *Z‘fﬂ(vemcal sep-

aration)& H eIt} AlgE ©EAAAANY AF
olg & AZO=E XH st HAIHolA A3
stglch Bl Ao Z& 28 cmo|w, =LA AT}

=34 B X7}t %’%‘Qi o1 3] A tH(Fig. 2b).
gAgEe 3 olaelA 23E]9F AR
FARHcRE HEH A47)FE 4 Qhiberd
S3lgo]l Seleln e FEolFAH dTFo)
B, o] 20 me) 57 WS BT v
A} £ 5 cmolf‘l 2 9o} A
39 sw B Ave 4o 5
71@10

e e
4z ol
m

o n®rfr o =

22
30 4,

O

1o
R
aQ

Zﬂ47] 95 HAYE A 2 AER
u];qq]i TEEA A 8E AFHEA L,
HZ] A+ AH ¥4 AU Z9]7)

_B_H X]_{:’-_.‘_Oﬂ/\i 50 cm o]}\]- 7.0]0]]/\'] iH—H'é']'(}a

ARGZe QATE gavtEn g oF

@59 F47 AA7 ol ANT 2

& AAT 7 Yk A4 D v A

29 FAas FE4Re Fuosa 2%

OB

o fL 40 ofy 02

Fig. 2. Outcrop of the Quaternary fault. (a) Sang-
chon fault consists of two gouge layers. one layer
has orange color and another layer grey one. Qd:
Quaternary deposits, Gr: granite. (b) Ipsil fault has
two gouge layers which are tangled. An: andesitic
rock. (c) Wangsan fault.
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Table 1. Chemical analyses of the fault gouges and protoliths in the study area

Sangchon fault

Ipsil fault

Qd O-gouge gr-gouge C-Gr

Si0; | 59.33 63.32 58.82  52.53| 60.56 52.71 40.75
TiO 0.73  0.62 1.65 091 063 052 116
ALOs | 1898 18.70 17.10  20.95| 1645 1395 11.14
Fe:0s | 737 447 809 941 562 521 946
MnO 007  0.07 012 006 023 026 050
MgO 0.85 048 1.97  1.66) 224 403 3.12
CaO 022 0.19 112 088 443 761 14.62
NaO 0.19 028 048  1.34) 540 151 073
K>0O 346 349 198 209 081 141 122

P»0s 0.06 0.04 039  0.14] 0.2 0.13 056
CO, 047 015 0.01 040 019 706 10.82
H.0 812  8.07 832 970, 120 561 588

Wangsan fault
F-An C-An B-gouge GG-gouge C-Gr F-Gr|F-gr-An C-gr-An B-gouge C-gn-An F-gn-An
67.14 7608 76.97| 6490 2225 6020 6589 63.70
089 014 016/ 062 017 093 0.60 057
15.02 1237 12.30[ 15.53 517 1538 1552 15.06
4.54 136 1.09] 4.28 1.71 7.08 4.34 4.40

003 002 002 0.15 0.78 0.11 0.12 0.10
145 035 0.14] 129 0.80 293 1.76 1.23
140 031 026/ 352 3672 241 3.50 221
173 282 355 402 0.41 139 298 430
2,61 496 489 296 1.06 3.46 2.26 3.15
036 002 001 0.3 0.05 0.28 0.13 0.15
0.05 ND ND| 006 2931 0.98 ND 0.22
4.67 133 041 126 1.35 4.89 2.76 2.11

total | 99.85 99.86  100.06 100.06] 97.88 100.01 99.94

99.88 99.74 99.80| 98.72 99.78 10002 99.84 97.19

Qd: Quaternary deposits, O: orange, gr: grey, C: coatact, Gr: granite, F: fresh, An: andesitic rock, B: brown, GG: greenish grey,

and gn: green.
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Fig. 3. X-ray diffractograms of minerals in the fault
gouges. Q: quartz, F: feldspar, Sm: smectite, Ka:
kaolinite, Cal: calcite, Ip-B: the brown gouge of the
Ipsil fault, Ip-GG: the greensih grey gouge of the
Ipsil fault, Ws: Wangsan fault gouge, Sc-O: the
Orange gouge of the Sangchon fault, Sc-gr: the grey
gouge of the Sangchon fault.
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Fig. 4. Back-scattered electron image (BEI) of the
Sangchon fault gouge. Q: quartzs, F: feldspars and
CM: clay minerals. The zonation of xenotime sub-
parallels foliation of the grey gouge.

it 200un

£ YA fAE Aow ¥ 5 sl v
29) wole] R Aolne u Ay A
doole wat ARl paAHAT ¢ -

oh;],

).
oX,
Zt
olN
é
_>.“_,
N
o

-

&Hb X1l471 %%—
TYoE YAdd
olo] 3;].7101- 7]%
1°J°§ o] o] A4y dFLF HH ZHHH%
A B F Ao 1A

TH FATIHLE EF4Y &
o] AdH UYL Erid x11471 g9 F4Y
ol AATtE A /IUWE} A E A Ao
A A7) dFol AR AR @ ARCEE ¢,
2001), Al=ete] A47] BAH EFEf e
TN vAg M s FHEA Fgon yof

[o okt X rlr r]

»oplo 5L EL OIN'

t
rr

i LJHJ

7 A5 el A A471F) WAL G
dol A7 Wi vl 9 A Foz »
oF Aol e Held A Lk T S
£ 34 o] Feetn 2 v BYe) 4
19 EE A7) ol BELEID BN 9%
199 AwEge) A4yl BELE W Fey
oz AMadAty F 4 Aok 28 A
wejglo] 84 mAuel Y Exaln PEH
$AYAE BEHA Y A0 Hop A=
Be mge) HPdd fUd Aol

Table 2. The semi-quantitative analysis using the
EPMA of xenotime from the grey gouge of the
Sangchon fault

Sangchon grey gouge - Xenotime

Xide Wt(%)
Y203 44.496
P,Os 36.426
Dy.Os 5.027
Nd:O; 4417
SiOs 4.257
CaO 1.742
BrO 1.870
La203 1 .756
Total 99.991
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Fig. 5. Back-scattered electron images (BEl) of the Ipsﬂ fault. Ap: apatites, E epldotes MI: manganoan
ilmenites, F: feldspars, C: carbonate minerals, P: pyrites, H: hematites, Pb: bismuth-rich galena, RR: reaction
rim CM: clay minerals, Al: albite and KF: K-feldspar. (a) Fresh andesitic rock shows mineral compositions.
White parts are hematites or ilmenites and small grey parts are actinolites. Ground mass is composed of
andesine. (b) Ipsil contact andesitic rock. Left part is characterized by fractured carbonate minerals and right
part is characterized by the reaction rim of carbonate minerals. (c) Ipsil fault gouge. White parts are
hematite. (d) Ipsil contact granite shows fractured feldspar with chemical alteration structure(perthite).

Table 3. The semi-quantitative analysis using the
EPMA of bismuth-rich galena from the contact
andesitic rock of the Ipsil fault

Ipsil contact An - Galena

Element Wt(%)
Bi 47.686
Pb 25.242
S 16.809
Cu 7.932
Ag 2.149
Total 99.818
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