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Inferred Differential Stress from Twinning in Calcite of Gounri Formation
in the Northern Area of Worak-san, Korea

Myeong Hyeok Ihm,* Young Eom Kim** and Tae Woo Chang*

ABSTRACT : Ogchon Supergroup directly contacts with Choseon Supergroup in the northern area
of Worak-san, where evidences indicating thrust-fault formed during D,-deformation are observed. On
footwall of thrust fault, calcite veins in Gounri Formation belonging to Choson Supergroup may be
deformed during thrust faulting(D,). Calcite veins are parallel to axial plane cleavage(S,) of F, fold and
truncate slaty cleavage(S,). Therefore, we can use deformation twins in calcite grains of the veins as a
marker for inferred differential stress operated upon thrust faulting. The inferred differential stresses are
estimated at 190 Mpa from K, sample. The stress from K, sample close to the contact between Ogchon
Supergroup and Choseon Supergroup shows a higher value than K,-K, samples, probably having an
important influence upon thrust faulting. The differential stress reveal again high value at K, sample,

which may suggest the presence of another thrust fault.
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Turner (1953)° <8l HEA BRIERES
(deformation twins) & FIFH3 HHES (paleostress) FIf]
of g SRl 44 (dynamic analysis) & HES LI
X2 B BES o9 HBiSEHT el SHHEH
< @fetele RE7E 8ol 7stodgd (Cater and
Raleigh, 1969; Friedman and Stearns, 1971; Groshong,
1972; Spang, 1972; Tullis, 1980; Barker, 1990:
Borradaile and McArthur, 1990; Rowe and Rutter,
1990).

53] Rowe and Rutter (1990) <l&lX H#AERS
BERER B BE 2 mWike] 2N R

‘B k24 MESH (Department of Geology, Kyungpook
National University, Taegu 702-701, Korea)

RN IREAH (Rural Development Coorperation,
Taegu, Korea)

B ol BBl S8l ®BIEALN, 25 o
3 R HES Bksln mEsith
A e HES BEHEY B BES b K
h SERERS #EEES (nferred differential
stress) o] R FAst RIEEET SRR
BRt EEEREY S sn HRA SMERES
o] i HET/RS BE(PE gl ) MRS RiisEayQl
RE7E 244 A€ Uehied
olfd HEE FRAIIZ 93 & HWEHB T &
ol & fi LEifEol #EEe RIMER JLER
Mg AL AL R REES BRRBERe) BRM
B SN i LETEe THQ SRR HZRE
< ERN S BRoR AT (Fig ).
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Fig. 1. Geological and sample locality map of the study area.

1; Hwanggangri Formation, 2; Munjuri Formation, 3; Gyemyongsan Formation, 4; Gounri Formation, 5;
Jurassic granite, 6; Thrust fault, 7; Fault, and 8; Geological boundary. Sample locality map is enlarged in the
middle section of the Figure (modified from Kim, 1991). Double frame marks the location of Fig. 2.
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s, Bhatt 2 SRERRS HRdded os
of ostd KIAEHS] BIERS KT 8k
FER 2 BRILECl fhfER o8 NSOE e
2 RESASH KRR SRR HERE
< D, #AEHS R EWEA FLstn A Fig
1.

o] i LErEe] Fi BT KR MiES o8 ZH
AN IR RS g Jded Figd), *
NFBES XRER Tige BRREENY SZ5R
AIKER #Edle F, fRihEms Yirslas 44 &
L= Ba (Fig.2-1), HLEES Sl HERR
Ao AKEAA S R T AERS YEshe
& LiE (Fig.2-2) 2 F, #hdhmst 7473 S, 8
w2t i Este Bitol BEET (Fig.2-9). 3 &
JRER obFAo] S BN RIERES AKAE
ZA e (sheath fold) & Hol=dl o] E3 thrustol Ff
#HE BES BIY 4 b (Fossen and Rykkelid
1990). HEE HERS R)IFEHS SRR BR
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Fig. 2, Sketches of the meso-scale thrust-faults (TH)
near the major thrust zone. 1 is schematic, 2 and 3 are
traced from photographs. Stippled domains in 2 are
quartz veinlets parallel to S;. S, cleavages in 3 are
parallel to F, - axial plane cleavage.
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HolN 94 gl BEEEd ol XFERY
TheadA EAY fat & 7HA7 GEEREES B
AN BASE ‘ramping F& BAT (Fig.3-2).

Fig. 3. Photographs showing the thrust-fault at the
contact between Ogchon Supergroup and Choson
Supergroup. 1; near Ahopsali village and 2; at Gounri
village.

#x ZR-S S

ol oJstd ZmE ol dal Hiaol 71 kst
A %5}% W twin gliding®] ## (mechanism) 2
fRAEEROl £, #iESTY (Spang, 1972; Spang,
1974), °]““°“ ARE RS SRR ¢
O (Barker, 1990). R% H#ERe SH/EMELS 14
(1 set) WA 2412 WS A3 Aol 374 B
#F3le 494 g8 (Rowe and Rutter, 1990) Ao
e QAR 242 EdT Figd. T3 HEAg
e Bo] KFAOA #ikE A% —kEE (orimary
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Fig. 4. Deformation twins which have 1 set or 2 sets
in calcite of Gounri Formation. Scale bar is 100um.

twin) & & 5o BolUARt #REAER &
RS SRR B, BHHEE (drain rate) 2 #
J (confining pressure) = AREE (fuid pressure) TH=
Blifo) Bm T2 HMSEHES (smple shear stress) <]
A7)q) whel BRERERS] HE 2 277 kel
T3 hRA BEHELS SAE B0 0% ol
old strain partitioning®] A dojubA 74 RIZHSHA
EEHS K3t (Marshak and Engelder, 1985). @

2X HiRE BAPREAS 2R el EEY 9
7} v, 53 HMNET TolA BRY SiEmRe
mUTE HAl FHSIY & thrust® il tusiol
A EESHY B ferErt 99 Y (amison
and Spang, 1976).

AE HiE

A A R AT BRRERS ER s G
friee o zsld HERRY AIREAAN HBAH
Ik O 9%5% H#A) S FHE FREIAY. o5 HBA
ke Aigel #Edle F, - #fEE )4 FMTtn
S-AGIEEEEE YTl A BhEsta ik =3 Aol
BEsle HLEES AR #RMEHE ¥ D, Bk
Mol 2Eah (B3R, 191 £0H %, 191). wet
A LR THd ZEsHe HZERRES 8¥E #
Ehe gz FERESE JSR ol
e KRR RRERRERN SRHAMTE Ko
2 3lodA fFitEEe & (NSOCE) o HEEOZ R
(K-K,: 2 50m BRE, KK;: 2 100m RRR, KoKp: 2
50m [ERR) st KA sttt (Fig D). #E &
HE Wh BES BERGRTOIA & HEE fiEsir
shgich

WHE 330 LLES HRARTE RIESIEE KT
7)o whe} H%Ested (Fig.5) #&9] 3 A4 2
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Fig. 5. Grain size distribution for K;-K,. The shape of the histograms shows the relative number of grains in

each division (Note 100um - 400um devision).
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Table 1, Inferred differential stress values (Mpa) for each grain classes by It, Dt and
V (%) methods of the calcite deformation twins.

Sample No. Grain Size Twinning-Incidence Twin-Density Volume % Twinning

(um) 1(%) Mpa Twins/mm Mpa V(%) Mpa
200-300 71.28 189.61 1346  141.18 33.51 234.42
K1 300-400 83.54 183.09 1311 139.22 48.23 239.88
400-500 81.36 148.88 11.51  129.49 2822 239.88
MEAN 346.95 75 165 15 149 38.95 218.78
200-300 44.74 129.92 1035  121.66 28.32 218.77
K2 300-400 83.33 181.71 10.75  124.34 39.54 218.77
400-500 80.48 153.60 1098  126.05 47.58 213.79
MEAN 311.94 61 144 15.3 151 30.95 204.17
200-300 59.59 156.92 1596  153.84 42.77 257.12
K3 300-400 83.33 181.71 17.62  161.19 41.41 223.87
400-500 80.48 153.60 18.12 163.27 47.23 223.87
MEAN 370.3 74 157 22.3 179 43.76 218.78
200-300 72.88 189.34 16.40 155.86 36.17 239.87
K4 300-400 77.63 168.83 14.59 147.17 42.40 223.87
400-500 86.27 166.49 17.87 162.24 37.56 194.98
MEAN 376.9 83 174 21.5 176 38.92 213.79
200-300 70.12 183.61 1201 132.71 36.63 239.88
KS 300-400 78.35 171.58 13.44 141.07 35.91 213.79
400-500 86.32 165.99 13.81 143.09 30.42 181.97
MEAN 375.8 96 202 15.4 151 33.59 186.21
200-300 83.33 211.58 16.88 157.12 62.10 288.40
Ké6 300-400 100.00  218.34 16.27 155.27 46.28 234.42
400-500 100.00 194.05 16.87 157.96 51.52 218.78

MEAN 3904 95 199 20.7 173 51.23 2238
200-300 8750  213.84 16.46 156.13 52.25 275.42
K7 300-400 88.46 193.01 16.45 156.99 48.23 239.88
400-500 100.00 194.61 16.46 156.13 44.36 208.93
MEAN 348.8 91 198 24.6 186 43.38 218.78

MEAN: JIE® KFE AAY (Om - 700um) 2] HifF Fy g

MR #&S] mES FAoW, 200m LITE RT3 (Twinning incidence: 1), #& % (Twin density: D)
71e BFRCAAY fixEe] FERS BHE B eror L Eﬁﬂj (Volume fraction: V%)Eo| EHEHT} FHEHY
& EEfbata, 500molde] A7 Ze fiTe HEH e BRE olele 2ol £HsIATh #iEEs
7b A& BifRE (Fig.5) BlE#Cl A%, T fHhs °W BB RFR7)AA #aS T3dete RFEe
B2 FAZAT (Table 1). R BART
MHE BR RS e FREHTH
= A e mrg 0G0l

Rowe and Rutter (1990) & A&l oJsjA &5 4%
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Fig, 6, The correlation of results by Volume fraction method (V%), twinning incidence method (It) and twin
density method (Dt) with grain size classes (Note It method at 200;m - 300um class).

te =9 #EE (srain rate) ol ERFIT ©A
RS EAET Rowe and Rutter, 199%0). It
&3 HkE e 2.

6=523+2131t - 204 log(d)
ojf ¢ : EMES (Mpa),

d @ ¥ HFR7] (m)o]n E#(REE 31 Mpa
ot}

°of A& AHKF BRAA 139 #HEHS wst
AU EEEBTAER SRS coaxaldt Aol Bl B
M3ttt (Borradaile and McArthur, 1990). Adge] 2%
9] BIMER-S oFdA A K, - K, b= D, B
fERT D, B MBhe s ok D, BERS we
Aoz AZ4Hne & #Ee 92 Aoz dAAY,
K, M E 190 MpaEA ¥md 2 328 < Ho
U, K, Ao 130 MpolA] K, AlRE 242 210
Mpa (Table 1) 24 A3} @ik i8S ¥ (Fig.
6).

BEEE (Twin density: Dol 98 Hie a9
Rl (twin lamellae trace) o] TEHEO.Z2 HTHEES HlE
stx ojwf vehd #89 HE ANAAL. = D=
mE $RATE FKRTh weby EREEE wFa
719 EBISIL EHE S0l w2t Emdtt Rowe and
Rutter, 1990).

6 =-520+17L1 log (D)
ojwj D : #EEEE

o]

TREMRE: 43 Mpa2 el qin)
EREEY AT Hike RES B #HS e A
ANE #ATRESTHE HolY (Row and Rutter, 1990)
SRt Ee) 98 I EgE gA BraEe
The Aol fficlaln &4 ok Ao BAE 150
Mpa - 180 Mpad] ko224 T2 % Hiko) oot gt
o RSS9l (Table 1),

EE (Volume fraction: V%)l <3 Kk ®fy
B RrFTREe) ohe 5] EHIE e,

=|_’

VO - g 0502 e
BAG KTk

T A3, EEHS O R
log &= 272+ 0.40 (og V - logd) ol &} 784 9
=3

old V: ik,

d- kT 271 (Rowe and Rutter, 1990)©]

ool AR HRRAN EASY HEs SR
DAt MRSl aiEel e AR rse] 2
BSiA) (preferred orfentation) & 7} AW & 5Hch w2 R
EHEL] o8 WhEe fibEr Be mES mgdos
hel Aigoll BHKER Th2 T ubd) ety BATHE
He A%l 93 EEH) RE —Eel B Ho)
A et (Fig.6).
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Al HELZ HHE ARAKS S EEE Y
s, S, FEEO| Ffrebd weEsIE 3 i LEE
o FEftE F, fRihfEmel & fBiEvx by, T3
i LETEED F, fihidie] —Behed S22 R
Holx HgAke] €8 AR D, #ERHKO
o D, #ERT FRHZ 44 & g '

ol BN EESS File M7EA KoM
Zyzhe] HERQ EEIAE —HEHA gou K, #E
JqMe EL ¢S Boltyl K, oA &3] ¥ 3
< YeREA K, #HE 25E o] oRlE —
A SAEAES BT Fig.6). 23U EREE DY
ok EHE (V%) ol o 2o EkEEE 41 - 43
MpaZ ) A4 Jehted Helo $REE e
31 Mpa2 HEHy 22 R RES 7W‘4 i d: ]
o Kk WEd B #E} Y-S FREF sl
Fig. 6ol M= &4 glRo] fuFA7]el EP—‘: EHENHY 4
b E3 vhav. $aERd o9 Ake BHMY
< B2 RBAE FIETESHRY 2 BEE B
(Rowe and Rutter, 1990) ©& F Jiko] vlsld tha
BNHEE S el ok T3 Aol fEHT B

Sl D, #RAFHS ERIATE SR SPERS a3}
# #UER D)3 RBEns gREE ik 713
Rgstin AZ4ES Qo

Tullis (1980) ol <}3hH eSS 125 - 280 Mpadll4l
BLERES FEs ddan KA =2 Rowe
and Rutter (1990) ] <J3td A# QA LA ELAEAA
=AY Huge 150 - 250 MpaZ #Estgoh o]
Az Bu Ao K& R BEE SRR A
ol i Liif/ge]l MEOZ 190 Mpad EL < e
Wi KoM K71l ZHESje] T4 150 Mpa ©] 4]

£ 7 ER EUE el RS R
o2 Fukdh

K, #o] KRt ¥& 21L& #EMigH (Fluexural
resistance) ©] Ak A BERate Rampoll 93 B
o] Ergtudolst B4 9o K, A9 & LirEe] -
o] overiding® FEUS mkIh £ KHEH K,
A HeEERET Ol Binshs AL K, LK) £0E 1§
LErEel RS B e 2 et

gRS FMAY HEEEH S 183

f& &

i LS e D, SRR o8 #FE &z
Bjg R aKRETY LR BIAFRERS o8
HEEMES (nferred differential stress) S 447e A,
R BERED BERER SRR & EEEd /g
7V K, Bl HEEERET0l 190 MpaZE e
3, K, @&%eAe 130 Mpadld K, Bkl E 214
MpaZ ¥k Hhshe e Jedd & K, #%=
FREHED BEEREEe S BEste HhE
Bl Hog #HE EESl ¥4 Jeky, K, 2

2 245 gol Eimste AL K, A8 LiRe] HiEER
B moll EOhE & RS i WEEES MBS
2 Rt

Rowe and Rutter (1990) 7} 3253 #5488, #a%
E 2 miEle] 2@ HREL ofF 48 H4dAH
A7 AT A 2ol HLEES BT MusiolA
v SRR fikel #E EHES el B Kol
g Azt

BZES EHAT) £2E & 45 2R 3
9 B GO o BPURT B0 9 e
Be RS TololE TE4 SRl 3¢ B %8
Uepan,

SER

FHE (19D KEE-AEF ko] MEEESD BRE B
KB BEHEERTC

FhUK, FERE(19%5) LR B S 1:50000). Bty
FEAT.

T, B3R, TRFN(9D) BIMHE KEFIL RS #F
B o 2 MIEAE. WESER 2R Q4%
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