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Hee-Cheol Kang, Raehee Han, Chang-Min Kim, Youngheom Cheon, Hyeongseong Cho, Keewook Yi, Moon
Son and Jong-Sun Kim, 2017, The Bonggil Pseudotachylyte, SE Korea: Its occurrence and characteristics.
Journal of the Geological Society of Korea. v. 53, no. 1, p. 173-191

ABSTRACT: Pseudotachylytes, i.e., solidified friction-induced melts, are strong evidence of seismic slip on faults.
Here we report pseudotachylyte (PT)-bearing faults studied in outcrops of granodiorite (SHRIMP U-Pb zircon
age, 75.0£1.5 Ma) and biotite granite (SHRIMP U-Pb zircon age, 58.4+1.1 Ma) on the coast of Bonggil-ri,
Yangbuk-myeon, Gyeongju, SE Korea. Three types of pseudotachylyte are identified on the basis of thickness
and morphology: Single dyke-, fault vein-, and injection vein-type PT. The single dyke-type PT shows a variation
of thickness from 15~40 centimeters along its strike and has an average thickness of 21 cm, which is the largest
in the world, as far as we know. The PT is dark gray and neighbors with several tens meters-thick cataclasite zone.
At a first glance it looks like a mafic dike, but it has a chemical composition almost identical to the wall rock of
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granodiorite. Also, it has many subrounded clasts which consist predominantly of quartz and feldspar and newly
crystallized tiny grains (submicrometers to several micrometers in size) such as plagioclase, K-feldspar, quartz,
biotite, and Fe-oxides. The feldspars and biotite are euhedral and some plagioclase grains show zoning. Flow
structures and embayed clasts are also observed. A number of fault vein-type PTs occur as thin (as thick as 2 cm)
layers generated on the fault plane, and striations, such as slickensides indicating slip direction, develop along
the fault planes and formed during co-seismic slip at the interface between the wall rock and frictional melt. Smaller
injection vein-type PTs are found along the single dyke-type PT and the fault vein-type PTs, and appear in a variety
of shapes (bleb, lens, sigmoid, network, and breccia) based on field occurrence and vein geometry. All of these
observations indicate the PT formed due to frictional melting of the wall rock minerals during fault slip. We propose
to call the single dyke type-PT to “Bonggil Pseudotachylyte” considering the thickness of the PT and the locality
of the study area. The Bonggil PT-bearing fault strikes N54°W, dips to NE with an angle of 65~72°, shows
sinistral-reverse oblique-slip sense, and can be traced continuously over ~110 m. Since *Ar/*’ Ar whole rock age
of the Bonggil PT is 47.3+1.4 Ma, the age of seismic faulting which is responsible for the formation of the Bonggil
PT should be younger than the Middle Eocene. Further work will be conducted to understand the mechanical aspect
of the PT formation.

Key words: Bonggil pseudotachylyte, single dyke-type, fault vein-type, injection vein-type, seismic faulting

(Hee-Cheol Kang, Youngbeom Cheon, Hyeongseong Cho, Moon Son and Jong-Sun Kim, Department of Geological
Sciences, Pusan National University, Busan 46241, Republic of Korea; Hee-Cheol Kang, Department of Earth
and Environmental Sciences, Pukyong National University, Busan 48513, Republic of Korea; Raehee Han and
Chang-Min Kim, Department of Geology and Research Institute of Natural Science, Gyeongsang National University,
Jinju 52828, Republic of Korea;, Keewook Yi, Division of Environmental and Material Sciences, Korea Basic
Science Institute, Cheongju 28119, Republic of Korea)
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image of the southeastern Korean peninsula, showing distribution of the Miocene sedimentary basins and major
faults (from Son ez al., 2013). (c) Regional structural map of SE Korea with the Miocene stress regime. The thick
black arrows indicate the mean declination directions of ChRMs (from Son ez al., 2013). (d) Geological map around

the outcrop of the Bonggil Pseudotachylyte.
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Fig. 3. (a) Outcrop photographs showing the major structural features and occurrence of the Bonggil Pseudotachylyte
(PT) and basement rocks. Half headed arrows indicate reverse- to reverse sinistral senses of faults. (b) Close-up
photo of the Bonggil PT truncating the foliated cataclasite of granodiorite and undeformed granodiorite. Note the
Bonggil PT developed to a maximum thickness of 40 cm in cross section. (c) The Bonggil PT-bearing fault showing
brittle deformation in hanging wall boundary and ductile deformation (indicated by the arrow) in footwall boundary.
(d) Close-up photo showing injection veins (indicated by the arrows) of the Bonggil PT within granodiorite of hang-
ing wall. The diameter of coin shown for scale is 2.4 cm long. (e, f) Close-up photos showing the clear banding
are consistent with small differences in composition and the internal isoclinal folds with fault plane-parallel axial
surfaces, suggesting more viscous flow in footwall boundary than in the central part or hanging wall boundary of
the Bonggil PT. Note the bands with the survived clasts of granodiorite in (f).
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D7 = eh(2E 3d). @Ol A% PT & o] TR, PT AR AR 2 st Al
o= &3] 7[R THAFAE o|F= AHY = RS (viscous flow)E A A|SH= F-5 xR

3 (c) fault vein

injection
vein

injection ve‘iny;,
. (network type

injection vein
(sigmoid type)”

0 vesicle eyl 0 faultve

Older P e |- ¢chilled zone

vesicle

Younger-PT(?) S e S :
undeformed granodiorite
(hanging !'all)

brecciated PT

Fig. 4. (a-j) Photographs and classification of pseudotachylyte (PT) veins based on field occurrence and vein
geometry. (k, 1) Close-up photographs showing slip-sense indicators developed in the hanging wall and footwall
of the Bonggil PT-bearing fault. Note PT veins developed in the footwall (a-f, h-j, I) and hanging wall (g, k) of the
Bonggil PT-bearing main fault. (j) Polished hand specimen showing the brecciated PT. The source vein generated
upon the fault plane is termed a fault vein, while individual veins within wall rocks are termed injection veins. The
brecciated PT is only developed in the Bonggil PT-bearing main fault.
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(flow banding structure)7} @5Ho| 3P}
2lal ITH( 1 3e, 3f). ¥ = 22 4

£ g3z27t §8E9 a5 A% AR B
2] ol 23 A 52 Whst=Al=
FoARE 0|5 -5 wT=E Wil B
FEITEFHS e R S5 U
AR QRS s SRS TEE
I eh(1E 3f). T3 PTY 7R ol A= 724
o= 4ol el Ayt Ajole el Mt AU
$21 220] Uehuch, S, Aoz st
oA sl Wzhdd (cooling fractures) T} -
ASHA S5 (Ee 79| AAE) o 27t
SESH FR A o2 Alshs 9 EE0] PT et
AlgtE] o] RE5}H, o] 5 FESS 7Nt ez A%
A ¢h= FAoltH 2™ 3b).

A= A AT AAR R 7P Eol 21
= @S AW (fault vein type) 9] PToJtH 19
4). 4713 4 Y PTE 4t 5= &350 Afuta sf
Hhofl A gk F7A|(1 mm~2 cm) 2 Wb, tf i
AHE PTLF A o HagstA Testal et o|& &
SAHF L PTES 4 em~44 mo| Zol= 4
A, R BAFe 2 shke] Ao AL of
w7} oY E= Alaste] £3e o] F7| & (2
H 2, 4). of2 w7} FysHA LT AH-eoll= PT A
o]9] retEo] Hehof &fste] thRE HsHA v =]
At B waEo] ik ol BEAE o] PTo|
£ FEALR ofgfe] |& A 5o PT
ABEo] ST glon, FARIAE 55 17
2o} §5X) L ot = AHe vyl e
W Qreso] pkEh S5 BEAmY PTo) wa
o To) metat §889) AANL W B3
584 EAJE A ASh= XAl (striation) o] A g3k
A TR Qo] &2 wEH "k (Ferré et al,
2016)% g BAo] -85 ARE ATt
(21 4k, 4). 53 |G| PTS Sukat tho] 2}
Alet 82 ZH2F N50-58°W/63-72°NES} <
o5 ol s 5 ehich

A THe] ThEAmEe) PTERY 1 84
Zo) Fuote] BL we} EL R fA%t] )
FA= ] A ‘FAANHF (injection vein type)’
o] PToJck. qrjale] 9] A& o] 7%
(bleb), A=F(lens), SAFH(sigmoid), WAH(network),

X,
.
T

ot M

oo M @ & o

i

X

7+ 3 (breccia) 5 TFEt FEHE EATHIH 4).
ol AW P2 Mool gt 20} 2 Ao 23] X]
&= Al (discordant vein type)ol] £3HcHSibson,
1975). E3] AR Yt dMF Y PT FA
Tehiol= dME 9 PTS} s 27t B &
ZFej9 o] PT (& 12 m, 20| >5 m)7} BEacH
2, 4i). o|5 ZE oA Y JES $A 7=
3oty 9 A O] PToF 5 Usht, 7| A 7= PT
o} FYT AEIA otUHE 7o A" TE A
=9 dpof ot ARIA = FHAlsA] gt Tt
2 5o Tl T7)o AdE = QT W
Ad] 22 w7t §l= AR Kot 2y} Y
AECE FPE A0 R ZHE 59 7Rk
o= Wztd ¥ (chilled margin) ¥} B] =3t & o] of
“(zone) 0.2 Idstar JIth(2H 4). o€ Z4EF
PTO| A2 = &30l Rt g o] PT7} 2%
WFFE F2 = (dilational jog)E whet
A9 o), GSAWF L PT = g9 7H3
FYUOE F7]of| WA AAY, Aol =2 &UF
oA FF TEsh= Ak ZHE ¢ (autobrecciated
rock) I} -FARHA SA 719 BAE RS 7He A=
o} o|2|gt Z- = PTof izt of 2] o EdE2 %
HATE F5t] HE o golth

PTS} t&o] AR Fof e &3 g
A ahiere] Has Ay 9@ SSAWE PTe 4
AlFol| RtE| o] Whdshn, g ¢tol= A Y veht
A F=THE 3-5). A PTE 5 = &3¢
739-olli= setofRt g Eo] 1 m Welo] FA=Z &
AEw, siRto] Wadt GFAHE PToA = v S
S FAlolu & S o AA QA A T
GRATHIE 4a, de). QP52 AN 4 M FE
o] nsel FE 9 HHEY AFXRE FEE
o, PTE 45t &3] 99 wet F3) WA] of
HegstA Wt 1E 5a-5c). 53| dHFP PTY
SHo| A= PTEF 9] ahafiete] =] /-5
o 25 Helrh

FIAR] 9 Lol AAF B 22 9] Zpo|g
EH = U2 5 &5 ARt o PP = 4
gk shgke]] oF 50 me] Z0 & QA HaE3cH1d 2,
3). QA% el P ESo|7| Eet i 2-S3
ol 77k e ® dA= USRI B

S 2 WEHETHIH 3-5). M WA FEA e 71
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ror

o} ofzk iA] of P o) BobE o 9 FEES
2 4d w2 AR wha e A olH st
£ Ho|AY FEA 02 F3% HAE Uehlie o
Hjols & mm~4 cm FA12] A4-F4 Ad
S0 TP = it o5 Aedi= diFE &S
A®E o] PT(4> mm~4= cm 579} AAE o] £H
HYYREE s sl B W Eo] AL A
2o} ok, shilTh g2 Ake MR} of
% el MBS W e Agke] Aehg 47
3t It ™ 3).

74 ATAEE F B3 Wt e gl
Bo| PTE AAHCR RE A tEeso
)3t PTE] F7| A& (Sibson and Toy, 2006)2}+ A
TAHe] AAE Lt “FL FEERLEOIE
(Bonggil Pseudotachylyte)’ 2 SR8 o2 s}
.

42 FTZEZZI0IES =A

choReE AMRE Holn A7ASAE @Y1
FEEA g A7AY PTEY A AN
chet 2ok 1) e B2 PTE Suiat o
A ARIZAE AARGL, s A aguy
e epgoR Astel A-shY MgAA 22

4
e Bongg
clasts of biotite granite

foliated cataclasite zone
of granodiorite

SR Lo L REA L |2 - & 2. UEM

S
So =

of o]zt QeH(TH 3). A7 ddHolzhd 7]uket
EFAEEE 2 SRt 13} o]F B
o] ohdll 29 FAFY Abdo] FUT Aol 2) &
Z PTE ket &30 shike g2 338 Sle
P EY] S5k Y (cataclasite) 2= o] 5 U]
= AAR LR HiE:= AFAQ d3ANE 4
AR PTE L% Y PTE] A2
Sk QITh( Y 4). 3) &3 Skl Baxsh= 3
A5 e sl PSSR A7)
O] S W 317Feka} PTO ¢ o] 3hir& o] Uehdth
(29 5). 53] B2 Ao 2F 2 SoIY
£ PTE Foll= PSS9 mhafi o] PT Yol &
=93 gES et FYH Yeh e Y
5e). 0] 2 @42 o5 dHo| WIS WA ¢
2 PHEYeR 239 5 e 7S o,
22X PT BAFA 2l 3o on] ¥
P e A uhgre 2 EAFe) wheh W AyE =
U= Ao A B3 dilF o] 54 PT7t
7)ol Ao BEsh= GAHEY
45 A AE vl BeEl= Aol 4) 54 PT
of BtH oA Uehhs IR3EY 282 A9,
LA, AP o2 B2 HE A7 14
B2 RSk o, 53] A 22 Holu

clasts of biotite granite

cataclasite of granodiorite

biotite granite younger than granodiorite in the footwall of the Bonggil PT-bearing main fault. Note the numerous
rounded pebble- to cobble-sized fragments of contrasting lithology to the wall rock. (f) The cataclasite of granodiorite
is injected into PT contained in the cataclasite of granodiorite.
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UAHIH 6). 5) 524 PTY AFFEE0l= 889  ErHAH 7). 6) 53] 54 PTY FAET v|ZAE
SAE ATz WA AT EET W (embayed o] 2AJo] URHA QI A7) AT} ] ekl 3
phenocryst), §H-3-A(reaction rim), ¥4 2 8§  ASYHS AT A9 SLsHA vepdth 14 8). 7)
E79] FQ(injection structure) 59 F27F T HAAEUH TS B3l 52 PT Yoll= AEA 2

Fig. 6. Photomicrographs of the Bonggil PT. It has many subrounded clasts which consist predominantly of quartz,
feldspar, and biotite unlike mineral assemblage of basic dyke, and shows clastic texture.

%
injection
strutture i

e

Fig. 7. Photomicrographs of embayed phenocryst, reaction rim, and injection structure indicated in residual minerals
(quartz, feldspar, biotite) of the Bonggil PT, which show evidence of melting.
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Middlemost (1994) AFM plot (Irvine and Baragar,1971)
Tawite/Urtite/ltalite N

4 Bonggil Pseudotachylyte
i ¢ Pseudotachylyte of vein type
- Q'o\%w ¢ Cataclastite of granodiorite
By ® Undeformed biotite granite
P > @ v Undeformed granodiorite Tholeiite Series
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Spider plot — REE chondrite (Boynton, 1984) _ Spider plot —Primitive Mantle (Sun and McDonough, 1989)
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Fig. 8. Chemical analysis results for all lithologies sampled for this study. The Bonggil PT has very similar chemical
composition to the felsic wall rocks (i.e., undeformed granodiorite).

2 ,‘ v . L
Newl c stalhzed mmera ‘/

COMPO  15.0kV X2,000 WD 10.8mm 104m

Fig. 9. (a) SEM photographs showing newly crystallized tiny grains (sub-micrometers to several micrometers in
size) such as plagioclase (pl), K-feldspar (ksp), quartz (qtz), biotite (bt), and Fe-oxides in the Bonggil PT. The feldspar
and biotite are euhedral and some plagioclase grains show zoning.
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gobE | AP, SRR, A9, S, E 1% 9). 8) 4 PTol| o2 Aol22] Fejot
2FelE(Fe-Oxide) 5o HEEHH, 53] FAN 52 tg¥o] ZHY ST S2Eptde A
e AR FHE, AP FiiFRE Hdoh 3 47 AR 10). o] Bl A &

—

t

KP-D-1(cataclas
3

footwall KP-D-3
Pseudotachylyte|

tite granite:
hanging wall)

unc  data-point error ellipses are 68.3% conf. 010 data-point error elipses are 68.3% cont.

KP-D-1 0| KP-D-2
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+ = = older cluster yields 80 to 70 Ma (mean 75.3 Ma)
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Fig. 10. SHRIMP U-Pb zircon ages of the Bonggil PT, the cataclasite of footwall, and the deformed wall rocks.
Ages of the Bonggil PT and the cataclasite of footwall are consistent with those of the wall rocks of undeformed
granodiorite and biotite granite. The age of seismic faulting which is responsible for the formation of the Bonggil
PT should be younger than about 58 Ma.
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Fig. 11. Fault-slip data indicating reverse and tanspressional slip senses within the fault veins of the hanging wall
and footwall of the Bonggil PT-bearing fault (lower-hemisphere, equal-area projection). Convergent arrows repre-
sent horizontal compressional paleo-stress field (Ommax) calculated by the method of Choi (1995). The principal stress
axes ol (filled pentagons), 02 (filled squares), and 03 (filled triangles) are also projected. N: number of data, R:

(02-03)/(01-03).
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TAAE 5594 Y B T8 (0Hmax)
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and Chough, 1995; Kyung and Chang, 2001; Park
et al., 2007; Yoon et al., 2014; Kim et al., 2016). &
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T3 20| 7 shAIRE B2 AR glo o] 28
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< EA2 12 o, BFFA7E 21 em?l A
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FAY 4 9k webd $2E 1 BEUS Bt
X2kl A Tt A Rlo] A u) S R4
o LA, HRAE, 1IEY S5, BEo] Wl
AR 53k 2L Fas 5ty 540 die)
Fohe o] 7Hsd o2 HelT) ohgel, thi®
X Al 3o E9)F o5 #iste] tigt A|A
2l A= A=d 4= & Aot o] A=
L Fol| A o) RpAEE T B o), miAlEE 74,
E49 E9F 3eh B4 74, AE5AHAE 5
o] T34 o] a4 H T

&4 PTE gt & ©3-9 Zojet TsA =
AA7IA] AFAY =FolA ZRIE 110 me] A%



. ZIxF
=¥}

=

r
I

188 . 313j

Ton

0
ok
[0
el

3} Hwang et al. (2007)°] 2Jaf dF= oRARY
Yooz By oF 500 me| Zo], 2 g4 P

~ 1o

o A 52 TSE QY U PTE TS
BT U 32 o net 27 gE A

Q1

o disle, AAZ B4 PTRRE B4% 1.
km 749] sHgel s TEAMY Y] PTS] At
ZEjo] 9hgo] FRlHTh 1S gy B2 PTo} o
FAWY PTE RE7L o B0 FAuo] W
nohE A WYL WA g mete] YR By
of QAT ATA S YAL 7} Fa7]u A4
Aoz o] GEEo] W 9lgol
PelA o7 o] o5 WS PTE St g
25 Apole] 7)sete] BE U $5okA Pl o2
L AuE 9 paE o o] Fa% ase
X ENENC TS

ApAeto 2 B ATAEE A7 5Tt A
ARF) SAZ B Gt g o) B2 PTE
H £ 1ol Thake Fele] A PTe}Fe4
@ PTS & 24 B HolFt A Wstx o= o)
$ Fag Aavhs 9L AR Bk ohe
olof e FaT A Txo] s A4 AT
7 bsekn BgA JARE $EE 5 UES 5
7] Slote] AA7 AR} 2L AR T Ao
2 94 03 4 12 S

8

5.4 9

BRAEE AFA e 229 s 34
A A SR ol A oF 47 Ma o] $-o]
ol g Y] B4 PTE vIE? ohest FH
O] PTE L2 ofejibdat 22| A5 £4,
FA7IAEA F R|gshA 7A, AYSd, 18Y
& 24 52 TPskh

AFA S oA FUT AT GGl W F
PG 4HERl A2 PT, 24 ¢,
Tafjgto = EREh 0|5 FolA @52l 44t
H 43N PTEY A=F = Bt 21 com FAZ
AA Fdigel sk 9 "W F(dyke type)
%4 PT, &> mm~4= cm @99 FAZ SG3HE o
g} drest ‘T2 A M (fault vein type), 22]3 &
SANHFE Y PT2RE 1 -§g5-E0] FHU T =
/e UM F (injection vein type) & & S ZEITH

[e2]=31
SO

ZEN - 0PI2 & 2 UEM

o] PT9| Bl 2 AAA |3 Taojx= R4
WA ek 715 AY, S, AP,
SRE 5 ARFESY A 23, wEATH T
23t Hg(embayed phenocryst), ¥E8-(reaction rim),
Uy Y2 8853 9] F7LZ(injection structure),
MEA 233k A 9] vH AR ST AFFA 9] =
27t gttt B3 54 PTO| 4423 n|&
A2 AL I Q719 2] 2o
PSS 243 A Y FLsH e, 52
PTof g Aol22] Feljob drjdgo] el
SPHEEAT S A 242 dAHol
SlE) o] o] Aot 3 ofejib ol A TEE
© 2o B4 PTY AowA 2|3 bl FH
O PTE2 7] Hatd d71ddd &2 shitds9
AbEol ohyzt S E oA 1% vEH o= WA
ot E 2R 2ot AEAQ 85 nhee] 4
H= AEE AGES A D

T & AtollA] &AE] FEskA] 1e 4
@ PTO 344714, B4 PTY ok &3t 44
o, & &5 A-shitlA 49 a9 2o,
et 54 PTe 34 2&9 2
o, mp-g-§3 A& Wke] B4, 534 54
I BA% GFo Mot do], S uEH £ 5
of Befrs FEHATFE St e Ao, o
o FElet A S, w2 w5 7HA] 2P A
A A7 e EE AFA A9 27 EE ¢l
o] HA=4 7]ttt

AF A

o] =2 7V “AR7 eI (KMIPA2015-
7050) 9] A|¥3} 2014 B (S5 |5 o] A
o= = ATAEY AL ot 2 H 7|2 AT
A}9J(2014R1A2A1A11053102) 2] HAFAT}o]ct. o}
29 Ao izt AAS HEE Bl R o] =&
o] HAE Yol F83 =TS T4 AT WAt
4 oy AR ZAtER Y, By Yol =
< FA 49N (AP AE A =

REFERENCES

Austrheim, H. and Boundy, T.M., 1994, Pseudotachylytes



21 AN
22 #

Z TEZ0IE: e 8 189

generated during seismic faulting and eclogitization of
the deep crust. Science, 265, 82-83.

Boundy, T.M. and Austrheim, H., 1998, Deep crustal eclo-
gite-facies pseudo-tachylytes. In: Snoke, A.W., Tullis,
J. and Todd, V.R. (eds.). Fault-related rocks-a photo-
graphic atlas. Princeton, New Jersey, 126 p.

Boynton, W.V., 1984, Geochemistry of the rare earth elements:
Meteorite studies. In Rare Earth Element Geochemistry
(eds. Henderson, P.), Elsevier, 63-114.

Chang, C.-J., 2002, Structural characteristics and evolu-
tion of the Yangsan fault, SE Korea. Ph.D. Thesis,
Kyungpook National University, Daegu, 259 p (in
Korean with English abstract).

Chang, C.J. and Chang, T.-W., 1998, Movement history
of the Yangsan Fault based on paleostress analysis. The
Journal of the Engineering Geology, 8, 35-49 (in Korean
with English abstract).

Chang, C.-J. and Chang, T.W., 2009, Behavioral character-
istics of the Yangsan fault based on geometric analysis
of fault slip. The Journal of Engineering Geology, 19,
277-285 (in Korean with English abstract).

Cheon, Y., Ha, S., Lee, S.J., Cho, H. and Son, M., 2017,
Deformation features and history of the Yangsan fault
zone in the Eonyang-Gyeongju area, SE Korea. Journal
of the Geological Society of Korea, 95-114 (in Korean
with English abstract).

Choi, J.-H., Yang, S.-J. and Kim, Y.-S., 2009, Fault zone
classification and structural characteristics of the south-
ern Yangsan fault in the Sangcheon-ri area, SE Korea.
Journal of the Geological Society of Korea, 45, 9-28 (in
Korean with English abstract).

Choi, P.Y., 1995, Aspects of stress inversion methods in
fault tectonic analysis. Annales Tectonicae, 9, 22-38.

Choi, S.-J., Jeon, J.-S., Song, K.-Y., Kim, H.-C., Kim, Y.-H.,
Choi, P.-Y., Chwae, U.C., Han, J.-G., Ryoo, C.-R., Sun,
C.-G., Jeon, M.S., Kim, G.-Y., Kim, Y.-B., Lee, H.-J.,
Shin, J.S., Lee, Y.-S. and Kee, W.-S., 2012, Active faults
and seismic hazard map. NEMA, Seoul, 882 p.

Choi, S.-J., Merritts, D.J. and Ota, Y., 2008, Elevation and
ages of marine terraces and late Quaternary rock uplift
n southeastern Korea. Journal of Geophysical Research,
113, B10403, 1-15.

Chwae, W., Hwang, J.H., Yoon, W. and Kim, D.H., 1988,
Explanatory Note of the Geological Map of 1: 25,000
Eoil Sheet. Korea Institute of Energy and Resources, 42 p.

Clarke, G.L. and Norman, A.R., 1993, Generation of pseu-
dotachylite under granulite facies conditions, and its
preservation during cooling. Journal of Metamorphic
Geology, 11, 319-335.

Di Toro, G., Hirose, T., Nielsen, S. and Shimamoto, T.,
2006, Relating high-velocity rock friction experiments

to coseismic slip in the presence of melts. In: Abercrombie,
R., McGarr, A., Kanamori, H. and Di Toro, G. (eds.),
Earthquakes: Radiated Energy and the Physics of Faulting.
Geophysical Monograph Series, 170, American Geophysical
Union, Washington, D.C., 121-134.

Di Toro, G., Pennacchioni, G. and Teza, G., 2005, Can
pseudotachylytes be used to infer earthquake source pa-
rameters? An example of limitations in the study of ex-
humed faults. Tectonophysics, 402, 3-20.

Ferré, E.C., Yeh, E.C., Chou, YM., Kuo, R.L., Chu, H.T.
and Korren, C.S., 2016, Brushlines in fault pseudo-
tachylytes: A new criterion for coseismic slip direction.
Geology, 44, 395-398.

Ha, S., Cheon, Y., Kang, H.-C., Kim, J.-S., Lee, S.-K. and
Son, M., 2016, Geometry and kinematics of the sub-
sidiary faults of the llgwang fault, SE Korea. Journal of
the Geological Society of Korea, 52, 31-50 (in Korean
with English abstract).

Hisada, E., 2004, Clast-size analysis of impact-generated
pseudotachylite from Vredefort Dome, South Africa.
Journal of Structural Geology, 26, 1419-1424.

Hwang, J.H., Kihm, Y.H., Kim, Y.B. and Song, K.Y., 2007,
Tertiary hydroexplosion at Bonggil-ri, Yangbuk-myeon,
Gyeongju. Journal of the Geological Society of Korea,
43, 453-462 (in Korean with English abstract).

Irvine, T.N. and Baragar, W.R.A., 1971, A guide to the com-
mon volcanic rocks. Canadian Journal of Earth Science,
8, 532-548.

Jin, K. and Kim, Y.-S., 2007, Fracture developing history
and density analysis based on grid-mapping in Bonggil-ri,
Gyeongju, SE Korea. The Journal of Engineering Geology,
17, 455-469 (in Korean with English abstract).

Jin, W., Choi, J.-H., Edwards, P. and Kim, Y.-S., 2012,
Preliminary study on pseudotachylyte-like rock injected
along a fault zone in Dacheuksan island. Proceedings
of KSEG 2012 Spring Conference, 101-105 (extended
abstract).

Jolivet, L., Huchon, P. and Brun, J.P., 1991, Arc deforma-
tion and marginal basin opening: Japan Sea as a case
study. Journal of Geophysical Research, 96, 4367-4384.

Kano, K., Lin, A., Fukui, A. and Tanaka, H., 2004, Pseudotachy-
lytes of crushing origin from the Shimotsuburai fault of
the Itoigawa-Shizuoka tectonic line active fault system,
central Japan. The Journal of the Geological Society of
Japan, 110, 779-790 (in Japanese with English abstract).

Kee, W.-S., Kim, B.C., Hwang, J.H., Song, K.-Y. and Kihm,
Y.-H., 2007, Structural Characteristics of Quaternary
reverse faulting on the Eupcheon Fault, SE Korea. Journal
of the Geological Society of Korea, 43, 311-333 (in
Korean with English abstract).

Kim, G.-S., Kim, J.-Y., Jung, K.K., Hwang, J.-Y. and Lee, J.-D.,



190

0
19
[0

0o - —

1995, Rb-Sr whole rock geochronology of the granitic
rocks in the Kyeongju-Gampo area, Kyeongsangbugdo,
Korea. Journal of Korean Earth Science Society, 16,
272-279 (in Korean with English abstract).

Kim, L.-S. and Kang, H.-C., 1989, Palacomagnetism of
Tertiary rocks in the Eoil basin and its vicinities, south-
east Korea. Journal of the Geological Society of Korea,
25, 273-293 (in Korean with English abstract).

Kim, J.-S., Son, M., Kim, J.S. and Kim, L.-S., 2002, Tertiary
dyke swarms and their tectonic importance in the south-
eastern part of the Korean peninsula. Journal of the
Petrological Society of Korea, 11, 169-181 (in Korean
with English abstract).

Kim, M.-C., Jung, S., Yoon, S., Jeong, R.-Y., Song, C.W.
and Son, M., 2016, Neotectonic crustal deformation and
current stress field in the Korean peninsula and their tec-
tonic implications: A Review. Journal of the Petrological
Society of Korea, 25, 169-193 (in Korean with English
abstract).

Kim, N.J. and Jin, M.S., 1971, Explanatory Text of the
Geological Map of 1: 50,000 Moryang Sheet. Geological
Survey of Korea, 19 p.

Kim, Y.-S. and Park, J.-Y., 2006, Cenozoic deformation
history of the area around Yangnam-Yangbuk, SE Korea
and its tectonic significance. Journal of Asian Earth
Sciences, 26, 1-20.

Kim, Y.-S., Park, J.-Y., Kim, J.H., Shin, H.C. and Sanderson,
D.J., 2004, Thrust geometries in unconsolidated Quaternary
sediments and evolution of the Eupchon Fault, south-
east Korea. The Island Arc, 13, 403-415.

Kirkpatrick, J.D., Dobson, K.J., Mark, D.F., Shipton, Z.K.,
Brodsky, E.E. and Stuart, F.M., 2012, The depth of pseu-
dotachylyte formation from detailed thermochronol-
ogy and constraints on coseismic stress drop variability.
Journal of Geophysical Research, 117, B06406, doi:10.
1029/2011JB008846.

Kokelaar, P., 2007, Friction melting, catastrophic dilation
and breccia formation along caldera superfaults. Journal
of the Geological Society, 164, 751-754.

KOPEC (Korea Power Engineering Company), 2002,
Preliminary Site Assessment Report for the New Site
of the Wolsung Power Plant (unpublished report). 2.5.-1
~2.5.-281 p.

Kyung, J.B. and Chang, T.W., 2001, The latest fault move-
ment on the northern Yangsan fault zone around the
Yugye-ri area, southeast Korea. Journal of the Geological
Society of Korea, 37, 563-577 (in Korean with English
abstract).

Legros, F., Cantagrel, J.-M. and Devouard, B., 2000,
Pseudotachylyte (frictionite) at the base of the Arequipa
volcanic landslide deposit (Peru): Implications for em-

-5hgfg| - R - ModE L TeAM

dd-opg-& 243

placement mechanisms. The Journal of Geology, 108,
601-611.

Lin, A., 1994a, Glassy pseudotachylyte veins from the
Fuyun fault zone, northwest China. Journal of Structural
Geology, 16, 71-83.

Lin, A., 1994b, Microlite morphology and chemistry in
pseudotachylite, from the Fuyun fault zone, China. The
Journal of Geology, 102, 317-329.

Lin, A., 1996, Injection veins of crushing-originated pseu-
dotachylyte and fault gouge formed during seismic
faulting. Engineering Geology, 43, 213-224.

Lin, A., 1997, Fluidization and rapid injection of crushed
fine-grained materials in fault zones during e.pisodes of
seismic faulting. In: Zheng, Y, Davis, G.A., Yin, A. (eds,),
Proceedings of the 30th International Geological Congress,
14, 27-40.

Lin, A., 2008, Fossil earthquakes: The Formation and
Preservation of Pseudotachylytes. Lecture Notes in
Earth Sciences, 111, Springer, Berlin, 349 p.

Lin, A., Maruyama, T., Stallard, A., Michibayashi, K.,
Camacho, A. and Kano, K., 2005, Propagation of seis-
mic slip from brittle to ductile regimes: Evidence from the
pseudotachylyte of Woodroffe thrust, central Australia.
Tectonophysics, 402, 21-35.

Lin, A. and Shimamoto, T., 1998, Selective melting proc-
esses as inferred from experimentally generated pseudo-
tachylytes. Journal of Asian Earth Sciences, 16, 533-545.

Lin, A., Sun, Z. and Yang, Z., 2003, Multiple generations
of pseudotachylyte in the brittle to ductile regimes,
Qinling-Dabie Shan ultrahigh-pressure metamorphic
complex, central China. The Island Arc, 12, 423-435.

Magloughlin, J.F., 1992, Microstructural and chemical
changes associated with cataclasis and frictional melt-
ing at shallow crust levels: the cataclasite- pseudo-
tachylyte connection. Tectonophysics, 204, 243-260.

Magloughlin, J.F. and Spray, J.G., 1992, Frictional melting
process and products in geological materials: introduction
and discussion. Tectonophysics, 204, 197-206.

Martini, J.E.J., 1978, Coesite and stishovite in the Vredefort
Dome, South Africa. Nature, 277, 495-96.

McKenzie, D. and Brune, J.N., 1972, Melting on fault
planes during large earthquakes. Geophysical Journal
of the Royal Astronomical Society, 29, 65-78.

McNulty, B.A., 1995, Pseudotachylyte generated in semi-
brittle and brittle regimes, Bench Canyon shear zone,
central Sierra Nevada. Journal of Structural Geology,
11, 1507-1521.

Middlemost, E.A K., 1994, Naming materials in the mag-
ma/igneous rock system. Earth-Science Reviews, 37,
215-224.

Mitchell, T.M., Toy, V., Di Toro, G., Renner, J. and Sibson,



21 AN
22 %

Z TEZ0IE: e 8 191

R.H., 2016, Fault welding by pseudotachylyte formation.
Geology, 44, 1059-1062.

Moon, T.-H., Son, M., Chang, T.-W. and Kim, 1.-S., 2000,
Paleostress reconstruction in the Tertiary basin areas in
southeastern Korea. Journal of the Korean Earth Science
Society, 21, 230-249 (in Korean with English abstract).

Park, J.C., Kim, W., Chung, T.W., Baag, C.E. and Ree, J.H.,
2007, Focal mechanism of recent earthquakes in the
Southern Korean Peninsula. Geophysical Journal International,
169, 1103-1114.

Park, Y.D. and Yoon, H.D., 1968, Explanatory Text of the
Geological Map of 1: 50,000 Ulsan Sheet. Geological
Survey of Korea, 20 p.

Passchier, C.W., 1982, Pseudotachylyte and the develop-
ment of ultramylonite bands in the Saint-Barthelemy
Massif, French Pyrenees. Journal of Structural Geology,
4, 69-79.

Passchier, C.W. and Trouw, R.A.J., 2005, Microtectonics.
Springer-Verlag, Berlin, 366 p.

Proctor, B. and Lockner, D.A., 2016, Pseudotachylyte in-
creases the post-slip strength of faults. Geology, 44,
1003-1006, doi:10.1130/G38349.1.

Ryoo, C.-R., Lee, B.J., Son, M., Lee, Y.H., Choi, S.-J. and
Chwae, W.C., 2002, Quaternary faults in Gaegok-ri,
Oedong-eup, Gyeongju, Korea. Journal of the Geological
Society of Korea, 38, 309-323 (in Korean with English
abstract).

Sherlock, S.C., Jones, K.A. and Park, R.G., 2008, Grenville-
age pseudotachylite in the Lewisian: Laserprobe 40Ar/
39Ar ages from the Gairloch region of Scotland (UK).
Journal of the Geological Society, 165, 73-83, doi:10.1144/
0016-76492006-134.

Sibson, R.H., 1975, Generation of pseudotachylyte by an-
cient seismic faulting, Geophysical Journal of the Royal
Astronomical Society, 43,775-43,794.

Sibson, R.H. and Toy, V.G., 2006, The habit of fault-gen-
erated pseudotachylyte: presence vs. absence of fric-
tion-melt. In: Abercrombie, R.A., McGarr, A., DiToro,
G., Kanamori, H. (eds.), Earthquakes: Radiated Energy
and the Physics of Faulting: Geophysical Monograph
Series, 170, 153-166.

Son, M., Kim, J.-S., Cheong, H.-Y., Lee, Y.H. and Kim,
1.-S., 2007, Characteristics of the Cenozoic crustal de-
formation in SE Korea and their tectonic implications.
Korean Journal of Petroleum Geology, 13, 1-16 (in
Korean with English abstract).

Son, M., Song, C.W., Kim, M.-C., Cheon, Y., Cho, H. and
Sohn, Y.K., 2015, Miocene tectonic evolution of the ba-
sins and fault systems, SE Korea: Dextral, simple shear

during the East Sea (Sea of Japan) opening. Journal of
the Geological Society, 172, 664-680.

Son, M., Song, W.S., Kim., M.-C., Cheon, Y., Jung, S., Cho,
H., Kim, H.-G., Kim, J.S. and Sohn, Y.K., 2013, Miocene
Crustal Deformation, Basin Development, and Tectonic
Implication in the southeastern Korean Peninsula. Journal
of the Geological Society of Korea, 49, 93-118 (in
Korean with English abstract).

Spray, J.G., 1987, Artificial generation of pseudotachylyte
using friction welding apparatus: Simulation of melting
on a fault plane. Journal of Structural Geology, 9, 49-60.

Spray, J.G., 1995, Pseudotachylyte controversy: Fact or
friction? Geology, 23, 1119-1122.

Spray, J.G., 1997, Superfaults. Geology, 25, 579-582.

Spray, J.G., Kelly, S.P. and Reimold, W.U., 1995, Laser
probe argon-40/argon-39 dating of coesite- and stisho-
vite-bearing pseudotachylytes and the age of the Vredefort
impact event. Meteoritics, 30, 335-343.

Spray, J.G. and Thompson, L.M., 1995, Friction melt dis-
tribution in a multiring impact basin. Nature, 373, 130-132.

Sun, S.-S. and McDonough, W.E., 1989, Chemical and iso-
topic systematics of oceanic basalts: implications for
mantle composition and processes. In Magmatism in
Ocean Basins (eds. Saunders, A.D. and Norry, M.J.),
Geological Society of London, Special Publications,
42, 313-345.

Thompson, L.M. and Spray, J.G., 1994, Pseudotachylitic
rock distribution and genesis within the Sudbury impact
structure. In Large meteorite impacts and planetary evo-
lution, edited by Dressler, B.O., Grieve, R.A.F. and
Sharpton, V.L., GSA Special Paper, 293. Boulder: Geological
Society of America, 275-288.

Yoon, S.H. and Chough, S.K., 1995, Regional strike slip
in the eastern continental margin of Korea and its tec-
tonic implications for the evolution of Ulleung basin,
East Sea (Sea of Japan). Geological Society of America
Bulletin, 107, 83-97.

Yoon, S.H., Sohn, Y.K. and Chough, S.K., 2014, Tectonic,
sedimentary, and volcanic evolution of a back-arc basin in
the East Sea (Sea of Japan). Marine Geology, 352, 70-88.

Yoon, S.W., Kim, M.-C., Song, C.W. and Son, M., 2014,
Basin-fill lithostratigraphy of the Early Miocene Haseo
basin in SE Korea. Journal of the Geological Society of
Korea, 50, 193-214 (in Korean with English abstract).

Received : January 31, 2017
Revised : February 20, 2017
Accepted : February 28, 2017



	봉길 슈도타킬라이트
	요약
	ABSTRACT
	1. 서론
	2. 지구조적 환경
	3. 지질
	4. 슈도타킬라이트의 산상과 특성
	5. 결언
	REFERENCES


