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Gapais and Barbarin, 1986; Guineberteau et al.,
1987; Gapais, 1989; Paterson et al., 1989; Tullis
et al., 1990; Pryer, 1993).
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Fig. 1. (a) Index map of the study area. K.M.: Kyeonggi massif, R.M.: Ryeongnam massif, O.B.: Ogcheon belt, O.
M.Z.: Ogcheon metamorphic zone, 0.NM.Z.: Ogcheon non-metamorphic zone, K: Kangneung, O: Ogcheon, J: Jeonju,
M: Mogpo, thick arrow: Fig. 1b. (b) Geological map of the central part of the Ogcheon belt, Korea [modified from
Kang et 41.(1993)]). 1: Porphyry and granite of Cretaceous age, 2: Kyeongsang Supergroup, 3: Ogcheon granite, 4:
Cheongsan granite, 5: Boeun granite, 6: Baekrook granodiorite, 7: Pyeongan Supergroup, 8: Joseon Supergroup, 9
Ogcheon Supergroup, 10: Ryeongnam gneiss complex, 11: nappe boundaries, 12: faults
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Fig. 2. Geological map within the Cheongsan granite body [modified from Kim ef 1.(1977), Kim et al.(1978), Kim
and Hwang(1986), Kim and Lee(1986)] and orientation of foliations and stretching lineation in the Cheongsan
granite. 1: magmatic foliation by preferred orientation of euhedral feldspar megacrysts, 2! stretching lineation[not
showing shear sense(a) and showing shear sense(b) (arrow direction: the direction of relative motion of the upper
block], 3: solid-state foliation (C: shear foliation, S: mylonitic foliation, arrow direction: the direction of relative
motion of the upper block) [(a-b): SZ-1, (¢): SZ-11 and SZ-III]. Division of domain(D.) (I: western D., II: central D.,

III: eastern D.).

Vol. 7, No. 1, 1998



56 7 A

Fig. 3. Photomicrograph of metasedimentary rock of
the Pyeongan Supergroup distributed within the
Cheongsan granite body (near Haraegok bridge, 2 km
SE of Baekunri). Open nicol, G: garnet, F: fibrolite.
Scale bar is 0.3 mm.
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Fig. 4. Frequency distribution diagrams of the size (ave. :
13cm) (a) and aspect ratio (ave.:5) (b) of rocks in-
cluded in the Cheongsan granite (date number : 50).
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Fig. 5. Photographs of characteristic rock structures in the deformed Cheongsan granite. (a): Weakly deformed
rock. (b): SZ-I(top-to-the-north shearing). Shear foliation(C) cuts magmatic foliation(MF). Feldspar megacrysts
are dragged around the shear foliation{arrow). (¢): SZ-II (top-to-the-northeast shearing) showing S-C structure.
(d): SZ-UI (top-to-the-northeast shearing) showing homogeneous foliation(C) and extensional crenulation
cleavage(C"). (e): Stretching lineation(L) on the shear foliation(C).
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Fig. 6. Stereoplots (equal-area, jower-hemisphere projections) of foliations(a-b) and stretching lineation(c) in the
western domain of the Cheongsan granite in Fig. 2. (a): Magmatic foliation [n=56 (number of data) and contours
at 0.5-2-4-6-8% per 1% of area]. (b): Shear foliation (n=34 and 0.5-3-6-9-12%). (c): Stretching lineation (n=28

and 1-4-8-11-14%).
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Fig. 7. Photomicrographs of characteristic microstructures of K-feldspar megacrysts in more deformed Cheong-
san granite. All are cross nicols. Scale bars are 0.3 mm. (a): Core and mantle structures [microfractured K-
feldspars(K) surrounded by dynamically recrystallized mantle feldspar grains and myrmekites (My: short arrows)]
and conjugate microkinks(long arrows). Cl: cleavages of feldspars. (b) Oblique foliation{Qq) defined by elongation
direction of dynamically recrystallized fine-grained feldspars within microfracture zone (top-to-the-north shear-
ing). PFR: microfracture parallel to the shear plane, SFR: synthetic microfracture. (c): Homogeneous texture of
K-feldspars(K), quartzs{(Q) and biotites(B) in the most deformed rocks. (d) Conjugate microkinks(arrows) cut by
microfractures. (e): Strain-related myrmekitic intergrowths (subround, bulbous, comma shape) (My: arrows) on
the long side (S-surface) of fractured K-feldspars(Ksp) that faces the finite shorting direction (top-to-the
northeast shearing). Note: no subgrain near boundary of the Ksp. MK: microkinks. (f): Microline structure near
microfractures of K-feldspars(K). M: microcline. {g): Flame perthite in microfractured K-feldspars. Flames(F)
are widest at the grain boundary and taper to a point within K-feldspar. (h): Type II S-C microstructure within
quartz aggregate (top-to-the-north shearing). Q: Quartzs, B: biotites, K: K-feldspars.

50°

C-Surface

Fig. 8. Frequency distribution diagram of mi-
crofracturing orientation developed in K-feldspar me-
gacrysts from more deformed Cheongsan granite (122
data measured from 4 thin sections). Microfractures
were measured relative to the shear foliation (C-surface)
showing dextral shear sense. Plus value: synthetic mi-
crofracture, minus value: antithetic microfracture.
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Fig. 9. Photomicrographs of characteristic microstructures of plagioclase megacrysts in more deformed Cheong-
san granite. All are cross nicols. Scale bars are 0.3 mm. (a): Deformation twins(D.T) and conjugate kink bands(K.
B). An obtuse-angled bisector of conjugate kink bands is parallel to twin lamellae. Note: twin lamellae are mi-
crofractured or microfaulted(arrows). (b): Single kink bands with diffusion and sharp boundaries(K.B) which
trend at a high angle to cleavages(Cl) of plagioclases(P). (c): Different microstructures between plagioclases(P)
and K-feldspars(K) divided by biotite aggregate(B). Both plagioclase and K-feldspar are microfractured but core
and mantle structure is not observed in the plagioclase. Lamellae of deformation twins in the plagioclase are bent,

microfractured or microfaulted and are randomly oriented.
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(grain boundary migration : GBM) #}Z#zl8-& =
1Al W32kg- Fabel] AE= AAWS- strain-
free AR & 2= $83 ARYL -8
25l HE FA7ITe} Astelx] mAAke] EAlS

thet 7o) sl glt. SR AAA 2R A9
EeHd(climb)e] AFEE WIFZAA 3B
(recovery) 3 ol o3 A3 o}zl AAZ A9
o] A& Frigd] mel oljlal AA A}
Ate]e] ZhE(misorientation)”}t HAAHo 2 A=A
A2t (5° wmE) siAS] olqlRlEo] a7} glA AlY]
A5 YA E HAHoln, GBM A AA L 4
A3h= Wawk) vl e Fepido] AFA &
T gz 2 ANLE il FAdE A
qAF #e] 1 ANUEE e AF e B3
&(bulging)# M2 & AYUEE Z7 o]-23}
= 7 7k A 2 AL EE 2 jiAE e
2 o]F3h= sdAlel sl o) AR} s
FAolct. 223 7 slellA] SR A A 2L o}q]

Fig. 10. Photomicrographs of characteristic microstructures of quartzs and feldspars in less deformed Cheongsan
granite. All are cross nicols. Scale bars are 0.3 mm. (a): Deformation twins(D.T) overlap zoning structures of igne-
ous origin in plagioclase. (b): Growth of myrmekite(my) on boundary of plagioclase(P) and K-feldspar(K). Note:
subround boundaries between feldspars and feldspars. (¢) New grains defined by sharp grain boundaries and
subgrains defined by diffusion grain boundaries within quartz aggregate which is derived from original single coar-
se-grained quartz. (d): Sharp boundaries(arrows) between quartzs(Q) and feldspars(F).
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2} ZAA B} F233 A AAE Bl AR o
=7} 9 olgizl §lxe} ARl o3 A|E 3
(cf. Fig. 10c), GBM A ZAA2H8-& Alq)zlel 74)#}
2lole) gl zpole} AlQI}L-EqIRF] AL iz}
Z o 2 Aglshs Bl o3 A€t

A4k 7keke] w sl viA ddE =
] K-ANES ZolZ stu F2 AZAE AR %
AP e TAR v RE RER = Zop-d
E7x7} &3] A=k (Fig. 7). 22y, A4 3t
gte] 27ksl K- 9] zol-HEFRE, SR 2R
21go) o3 A EE White(1976)2] A&Hl =
of-METR [Fole] FA M FHEZ e o}
o] whde] ez WEA o}l A 3HA
7t 29 Y lEe] AR AFAR He|How
w318 White, 19762} Fig. 2 33)19} 2=, 3o}

(a) p4

W Bo] o]]j]x}E0] o] fae]R] ¢ky Fol-A
o} AAe F2 AR AHERE 748 dEd 9
FAl3) FEE 2ot K-AAMEY A= AR
£ A5 Aol o8 FUA HeE Hw
olcH(Figs. 7a, 7b, 7d and 7e). ¢)= AAAE AH
WE AHEL 274 K- 9] o= zhael 3
z245] K-A4%0 2 GBMe 93t AAAYzE-02
YA RS A sk A 2(Urai, 1983; Drury
and Urai, 1990), A4l ol8idt nlze A4
Felglo] gelakx] E¥ Wy -2%(400-500C) 4
o ekl 27 K- e v 245 K-
A glAlel ASdE o FHEe Ao duA
olcH(Vidal et al., 1980; Pryer, 1993, Passchier
and Trouw, 1996°] p49-50).

o oAske] 27 K- elx E8 faEs

2 2 e N

(b) z

Fig. 11. Quartz c-axis fabrics (equal-area, lower-hemisphere projections) in the Cheongsan granite (a-c) and the me-
tasedimentary rock of the Pyeongan Supergroup(d). X, Y, Z: principal axes of strain ellipsoid (X>Y>Z). (a): Single
girdle (top-to-the north shearing) [n=200 (number of grain) and contours at 1-2-3-4-6% per 1% of areal. (b): Single
girdle (top-to-the north shearing) (n=200 and 1-2-3-5-7%). (c): Type-II crossed girdle (top-to-the northeast shearing)
(n=200 and 0.5-1-2-3-5%). (d): Single girdle (top-to-the northwest shearing) (n=200 and 1-2-3-5-7%).
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A7) 2w FH4 22 JYehta(Figs. 7a, 7d and
7e), T4 PAZ A Fo ke v Fo] £
v AdddE TRele 22 K-AME Alo]olA
2 QA el £ lglck(Fig. 7d). o= K-A4A
Z7Z ol WhdE vlAI7) 2 vlA] whdahg o] 3
A= 90L8-& AJAHke, Tullis and Yund(1987)2] A
g At wag K-AHeMe] v as Ay
Zelgdo] folalA] F37F oF 450°C AF2| W=
(Tullis and Yund, 1980; Pryer, 1993)¢ll4] 4= c}
2 vn@AE 23 olFdhs HAE Aol 97
HAtel o3 Y= Aoz deix qlct. o My
shell A K-AAe] mlA| shdubake oubd o 2 PFR,
SFR, AFR9] 22 A8 el (Fig. 8),
Pryer(1993)2 A%} & <& 7hvbc} Gren-
ville el A4 2] AFR-2 300-400°CellA 12w
7 2] SFRL 400-500°Coll A Zb2h 41514 s
o} ¥ gk uprl it

2 gl Urigle| B 2 Fo} K-AH
2] BE MAIAelA] Fol K-AHFo g BF F4
el 2 A2 (Fig. 7a). Simpson(1985)<- 813
% 3okl A "ellzlo] B} Aty 28] WAy
s dEeke $3EHA F9 K- AR
A =2 w7 s} a(eg. Fig. 7e) @ul7le] E2] A2
< wygzlg9 Ay g4k 9 felxhgo o3 3
A5 05-& Akt vzt ) gy A 33t
oA == U7lo] E5= Simpson(1985)e}
A} 2] Fof K-A4e] v E AN A FAH
}H(Fig. 7a). ol&ldt 7Is}8b4al AbEefd2 ofn]
QA% vle} o] 7 Wiggo] T2 22bE K-AH4
o} iAlel AT AR A=A, HAb 373t
xe] "ufjslo] B 224E] K- o] Zeol-WET-=
2 YA=E A4 Simpson(1985)2] S35} 7ho]
wezkgal gy g4 Y gelakao) o3 HAlH
& Aoz ) Hysl kst A duzlo]
Ex o 400C olake] W2 molx] SABHA et
e ez d#A 3lch(Simpson, 1985; Gapais,
1989; Pryer, 1993; Passchier and Trouw, 19962
p49-50). B} & H3E v wgele] F7bg K-A4
A= 2R 3ol YANA iz WH-2 sl
el A= B2A Hle] ZHY FHojre|Er} &
% == (Fig. 7g), o113 dele] gojrlelE:
K-A4o] AAstd xrr} B 25(300-5000C)
AN HYE of KAl A4 Lelo s
A== HA o2 delA cH(Passchier, 1982; Pry-
er, 1993; Passchier and Trouw, 19962] p49-50).

BA o] g Fol AA Vo] & A& g 7Ee]

A

¥

A Zizpr) ARl el w3 (Figs.
9a and 10a)3 4t WA A4 AAZE FAA WA
24 e vehdes ) =3d)(Figs. 9a and 9b)
= AP oA dubd oz ARl x22bE Al
AellA] QA== HERAL rlAdd WX vl
Eo ola WA 9wk ohs A
gt vl & RoJF=u|(Figs. 9a and 9¢), °|+= AP
Aol A My A L vlA| whdz - o] A =]g]
& XK} Pryer(1993)8 HA £ 57} & o+
A 7y} Grenville tollx] Ao} w345
7= 300-500°Ce] HAEolA AlsHA v}
el B gk uprt elel

3 HYE HAE 3PFeN(Figs. 11a-11c)7} 43}
H gobraT WAARKFig. 11d)9] 493 A &4
gt e c-29f wld el FZ prism<a> (c.
500°C : Mainprice and Bouchez, 1987), ¥<r3 o2
rhomb<a>¢} basal<a> (300-500°C : Mainprice
and Bouchez, 1987)7} ©4 & vl A2 2h-8-351
HAS single girdle(Figs. 11a, 11b and 11d)%}
type II crossed girdle(Fig, 11c)-& ¥t} o]z
gt single girdle 3l (Figs. 11a, 11b and 11d)+ 2+
Alotatell 4] HAE Schmid and Casey(1986)2] P
248 e} FABEE AR =4 BgkAtolA] AAdet
2} Ato]o] WA Eo A Wgsl ghaelx]s Uuby o
2 type II crossed girdle(Fig. 11c)e] $-AlslA 1}t
ehbe Zlew o= Qlch(Wilson, 1975; Miller
and Christie, 1981).

Gapais(1989)= 32wl AAdA sF¢ja 49
oF 183 W3kl 29-5]o] 3l7kstell M A==
dAdd=del eyl B4 ADd(SZ-1), %
A(SZ-ID, T4 AL (SZ-NIDE e A
}eta SZ-MI7 SZ-II+= #Y FAlo HEH 3
ZFob-utanly) 378 EE Fote] WE 3)7)et-d
A dubd ez fEEY SZ-12 AAH o]Fe H
R s73k-vtavrl nAR o] 3ol Wd st
F-oll A A3 A VebdE 2] A3 v}l =8
3= 9F 500°C o W2kl walake) A&
g 7= A9l GBM AAA =S 93t Q=
AR3HE AlSH o2 2PAA XA P9 o
I A o ZU1E e =] SZ-19]
el SZ-11 2 SZ-IIZ Aolghrtw shgdc).

Hak 317dtel] Wl QARG Gapais(1989)
9] SZ-1(Fig. 5b), SZ-(Fig. 5¢), SZ-I(Fig. 5d)=
e BFSh o)F Y= Ak i) A
F Fellxnt A= AGISE 9, 1977 A5
I} o|HF, 1986; HARE 9], 1996; Kwon e dl.,
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1997)0] ohe} S4-of 54 o EellM e AaE
kel O] Wk 3% F3-54 At o
b o2 SAlsHA Jeh hHA&E 9, 1977 A%
a3} oW, 1986; WAME 9, 1996; Kwon e dl.,
1997) 28 F3-8ZF 7l A F3F-5F 74t
74A] elekatA vebde}(Figs. 2 and 6b). zeivh A
hde] CaAdollA AR AFeE BE 94y
A FdaA Cel FEkat A ol F . 5
Aol x) A AREEE o|F SZ-1, SZ-1I, SZ-1IeA]
Zpzre) Atz (7t AR E37
3 FakolE)e Bd el U Vehdet
(Fig. 2). o]+ o]5 AAA o7} g W whA|oll4
HA =98-S 2| Ajk)

A HEE AA ity 249 K-S
B} 23 o2 259 3L opAl g e s
e =(Fig. 10b) dbdel o waetels] 2245
K-AA-e FUAL IAE Bol: dat ellde] o
T4 FeHE FZol-WETRE o]F UrKFig.
72). Fo} K-ANE9] Qe F2 A 422 &
APER AR vlAgd e Z3 uha)HHel 3
AE 2alekcf. Figs. 7a and 7d). =3+ -]
2uk A no 3 H3E 7oAl 24
K-AA& v} Ao dejz 23 e 27
5 K-AA 2] o322 4oz} zto] Ag] cbAdA A
FAE o]F3 gl AAAQ w22 & FA 5
vehdth(Fig. 7c). olepzde] A w¥stellA] 3 ¥
yoro g 8 27y K-A4 9] 418 W3} (o}zh
A oA YA slAlel et eljig o g)e}
A F2 A AFA APz A" oA
o] Fo] Z7|3He o)n] AFH ule} Zo] A4
oAlA e Felsle] folatA] F3F W3 L% (400-
500°C) ol W ke] T2 2745 K- 2] qlA o
AEH =248 K-A4o] GBM ANZAA 28 9
& 29 7} Had A2 =, M4k 3
bl 2] At SZ-I(Fig. 5b)ell4] SZ-1I(Fig.
5¢) 18)3 SZ-MI(Fig. 5d)&e) &e) M3 (Figs.
5b-5d)& A A9 FElslo] fol3iA] £ WL
E(400-500°C)oll A W] Frle}l A 22
K-A4 S0 GBM AAA =M o3t qlx Afst
o} wAgede] Zo] ZFvid AR nARC
(Gapais, 1989).
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o oja) AP=|Ae). vlA] g K- 2759
dAA = W 2ha) Fuis]e] Wwdgl Yrvle|E
(400°C o]xh)ek E8 #oirte) E(300-500°C)7} 2t
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vl =3k ofe] o Auiztol =28 & ¢k
ek A8k wala) oiakie] eA8 oA 2
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The temperature condition for the mylonitization of the
Cheongsan granite, Korea
~Structural analysis of the deformed
Cheongsan granite, Korea -

Ji Hoon Kang

Department of Earth and Environmental Sciences, College of Natural Science,
Andong National University, Andong 760-749, Korea

ABSTRACT : Microstructural and rock structural analyses on the deformed Cheongsan granite
characterized by abundant K-feldspar megacrysts have been carried out to understand the tem-
perature condition for the ductile shear deformation. In K-feldspar, microkinks, microfractures and
core-and-mantle structures without the development of subgrains in outer core-zone are the most
common microstructures observed. Myrmekites and flame perthites are developed at the strain-lo-
calized areas along the microfractured K-feldspar. In plagioclase, microfractures, deformation twins
and kink bands are predominant. The deformation twins cut across the igneous zonation of the pla-
gioclase. Patterns of c-axis fabrics of dynamically recrystallized new quartz grains display single girdle
and type I crossed girdie where prism<a> slip system is predominant. These characteristic mi-
crostructures produced during the ductile shearing suggest that the ductile shear deformation in the
Cheongsan granite occurred under epidote-amphibolite conditions(400-500°C). Three main shear zones
are recognized at outcrop scale : discrete shear zone with anastomosing high-strain domain, shear zone
with pervasive S-C structure and shear zone with homogeneously foliated domain. Geometric features
of these shear zones produced during the ductile shear deformation are controlled by amount of strain
under the 400-500°C deformation temperature.

Key words : Cheongsan granite, ductile shear deformation, microstructure, rock structure, deformation
temperature '
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