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Fig. 1. Mineral assemblage map of the study area.
Geologic map is adopted from Park ef al. (1974) and
Son et al. (1975). Sample locations of Lee ef al. (1991)
are shown as solid triangles. Numbers represent
those of three samples which occur in the vicinity
of kyanite-bearing samples of this study. For mineral
abbreviations, see the footnote of Table 1. Other abb-
reviations are: BtGn=biotite gneiss; GrGn= granitic
gneiss; GrtGn=garnetiferous gneiss; and QfGn=
quartzofeldspathic gneiss.

224 olEe] AEe
= AFdt o)E T dRAo] AEss

FEx3 2 10003 A<(point counting)e]

EX(mode) #t2 Table 13} Zc|

HA T

)
=

TAE Rt =
2]&8(prismatic)e] 2% #AHcKFig 2a).

FF 25 58 EiH(modal) %o} FAAT QAT
Aqell e 7Hg B 05 22 %] FAgde]
ek AL ER 025~1mm 379 e}y
Ao AN} FEse(Fig. 2b), =EAE 5F
Are] WAt e dg g ey Ygele o)
(Fig. 2c) 4o aec}
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Fig. 2. Photomicrographs of kyanite-bearing samples: (a) Sillimanite occurring as both fibrous and prismatic
(center) forms in sp. 25; (b) Two fine grains of anhedral kyanite grains coexisting with sillimanite (top leit;
sp. 25); (c) Sillimanite cross-cutting the subhedral grain of kyanite (sp. 25); (d) Kyanite (right center) occurring
as fine relict grain, together with sillimanite (left) and biotite (dark plates) in sp. 67; (e) Relict kyanite grain
replaced by sillimanite (sp. 67); (f) Kyanite and biotite occurring as relict grains (sp. 75-A). All scales represent

0.5 mm.

stable) FEZ &g},

EE 67 AE 22~46 2 %2 F44T 0.1~
0.3 22 %2 WdAHe] hadgci(Table 1), HA 4L
B AFER ol 9low(Fig 2d), Tl
o4 HFEE ALw (Fig 2¢) =E74 #2=c)
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Table 1. Mineral modes of the kyanite-bearing samples

Sample no. Fib Sil Ky Grt Bt Pl Kfs Qtz Chl Mus Opaq
25 4.1 17 0.5 10.6 343 55 133 21.9 2.2 34 2.5
67-1* 3.9 0.7 0.3 1.7 14.5 32 12.9 58.2 29 1.8 tr
67-2% 1.8 04 0.1 1.1 233 49 144 50.5 0.9 19 04
75-A1* nd.** n.d. 0.1 1.8 115 54 26.8 494 2.9 19 tr
75-A2*% 0.5 04 0.2 36 12.2 11.6 20.7 46.1 04 42 0.2
80 n.d. n.d. 0.2 04 22 1.6 294 435 16.5 6.3 tr

*Two thin sections are respectively examined for modal analyses of sp. 67 and 75-A. **n.d.=not detected.
[Abbreviations (adopted from Kretz, 1983)]

Bt: biotite, Chl: chlorite, Fib: fibrolite, Grt: garnet, Kfs: K-feldspar, Ky: kyanite, Mus: muscovite, Opaq: opaque
mineral, Pl: plagioclase, Sil: sillimanite, Qtz: quartz.

%94 ‘ELZE]@]O] ﬂ-iﬁvﬂ' %\:11—7/]] EE’E‘ t\’_}%—?—i é_% 10 Chuncheonamphibolitc‘
HrHFig. 20. FHHL AFTR gol glom, o (e e and Cho, 1999)
- ~ o ~ ~ 9 Li__iYongduri gneiss complex
R EE WAztae] ofgkon wlewd olF) 3 (.cc etal, 1991)
k. AAL JAA e EYe] By P, 5
NEE Foll o3 A r)e o) wpeby EE 75
AdlAE AT FAM BF 3 oagted 5,
dghe okl )
EF 808 T8 WAAE uEe] 4FAe] ¥ w6
Map mgwo) ofs) A AwHen) £04 7
R Tte] AFER o} ok o] EFeld 7 0 E°
Axe BaAEz o 02 By %] G @
4
el el FAM ZA FH gk wgnol
Wr}h SAHoR wdsie, dAAe A4 E4A ,
FEE AEdT)
2 1 1. - 1 1
450 500 550 600 650 700 750 800
HiAl okaq
HdErst e Temperature (°C)
. Fig. 3. Pressure and temperature estimates of ten
£] 3| A1 o . : ;
A7 Ao} A=Al t‘ﬂi 212 Fig 1e] Hefxl samples from the Yongduri gneiss complex. Analytical
FE23e B¥XEHE FHE 4 o) 458 # data of Lee et al. (1991) are used together with the
nhel Al ofHE Aol gAx wi shrieral garnet-biotite geothermometry of Kretz (1990) and
Hulelo . o1 R P, the GASP geobarometry of Newton and Haselton
HopgdoZ FA450] 9l7) Wel] HAdxzzs %3 (1981; solid square) and Koziol and Newton (1989;
5] A F 4 Y FERITY AL 2H) open square). Patterned and dashed boxes represent
oit), o] 9 H 0B FAM 4+ EL T LKA 4 A EA the P-T conditions of Chuncheon amphibolite and Yo-
. L . oo . ngduri gneiss complex, estimated by Lee and Cho
tulE+ g v 28E A7 A9 WA (1093) and Lee et al. (1991), respectively. All of the
Z7e] M3 4+ e =K- A+ FA449 +H,09) v reaction curves are calculated using the GEO-CALC
P ol s A o= olal me program of Berman (1988). Sample numbers desig-
e _d(Flg 3)0‘” AR “%?ﬂ nate three samples of Lee et al. (1991) occurring in
A AAgel gzl WS HO & the vicinity of kyanite-bearing samples of this study.
EEE vEa Asa BT 2R Tl
2 A gl dig S8l A4e) A7) 9g A4S Lee et al.(1991)2 Ferry and Spear(1978), Ga-
o) ukg-4lg o) gale] WA EAL AHegxo g =4 nguly and Saxena(1984) 9] MEN.ETLW )
A7) W5 webd A7 Aode) dAujafel Uig AR A8l 107) BE| el BYeE S Tk
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Table 2. Temperatures (in °C) estimated from the garnet-biotite geothermometry. Chemical data of garnet

and biotite are from Lee et al. (1991)

Sample no. 212 046 039 244 241 066 047 151 200 205 Mean T (+15)
Xre,Grt 0.753 0.743 0835 0.875 0.830 0.884 0855 0.823 0692 0.771

Xaime 0.721 0712 0.783 0.752 0.761 0.767 0.779 0.763 0.664 0.736

Ko 0.237 0.246 0.155 0108 0.156 0.101 0.132 0.164 0295 0218

Xorer 0.028 0.027 0.027 0.027 0.029 0.047 0.024 0.044 0.030 0.012

Xepsr 0.015 0.016 0.036 0.113 0.053 0.085 0.065 0.030 0.012 0.016

Kre, 51 0.503 0474 0568 0585 0516 0599 0581 0504 0404 0415

Ko 3.006 3212 3842 4.972 4576 5084 4.256 4.579 3321 4.759

Kretz (1990) 792 766 700 620 644 613 667 644 753 633 683.1+ 62.1
Ferry and Spear (1978) 873 834 741 631 664 623 694 663 815 648 7185+ 86.8
Ganguly and Saxena (1984) 660 617 660 629 591 628 652 580 543 499 6058+ 505

*Kam=100Fe/>M; Xp,,=100Mg/>M;

Eo] AEAE AHEle] 6531 60°Ce] HALEE
Axfsledet. Zehv o]2dk Alms 72 A2AlE
Abgate] o1& 719+ 87°CeF 606+ 51°C2) #h(Table
e Azr] wE s Ao} ulgzEa] X
stk AR} @vshd Ganguly and Saxena
(1984)7} Ackat AFH zaAe dejatd wag
AR A A BARFE QL HAR " R
BlAE 500~590°Ce] whe exrt 47) HFo|A
deixj7] wgolr}l. H]s=gh 7%47]— o]r] Hoinkes
(1986), Bdwards and Essene(1988) < 2} A
A5 wprk gloh wheba] S8 #H Kretz(1990)7F
A g, 7129 AE A3}E-E(Ferry and Spear,
1978; Perchuck and Lavrent'eva, 1983) =5 "=
At A EE

WlE AFH-EeR AeAE
E d%ich
Kretz(1990)2] z]2-A4l% o}l Aoz F3FTh
In Kp=(2780/T)—1.51
XFE Grt (1 B XFE. Bt)
w Kpe : . 2 AHexx
P (I,XFe G\t) Xl"e Bt .

Xre.on @b Xpe pes 22 S22} 75419 Fe/(Fet
Mg) wigolw, TE Aotk Kretz(1990)=
Xre5ed] Fke] 035 WA 0.68¢) sl S22
A8 R T, Kpe on Fhel 0.66 WA 093012 22
Felgrossular)®]  TEFe] 1~24 mol%,
(spessartine)$] 3tefo] 1~
gaigdch AT A4
B olE Wffo] Setrr 9o Ale A4F
sty Kretz(1990)2] A&7 A-43)e] Akt
Fex = Table 20] 5] gjow, JFem
2:1]

2 mol%?3]

pe
R |

O = A
1‘554 A5 8]

LN

683% 62°Celc}). &1} Lee et al.(1990)2] 7]
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Xars=100Ca/2M; and Xsp,=100Mn/> M, where »M=Fe+Mg+Ca+Mn.

372l FFo|AE Ferry and Spear(1978)8] #|-&
AZFE g 2E(815~873°C) Hrl= @xnh
753~792°Ce] &2 &7} Aabgoh Al 7
FEF A 613~700°Ce] vlarE dxH 2= H
A7b F-E Fck

tﬂ"c’! % Kretz(1990)2] XA ZHE] & 2
wol MEA L ALTANS] BB+ Hod + AFFAGASP)
21k l(Newton and Haselton, 1981; Hodges and
Spear, 1982; Koziol and Newton, 1989)% A}-&3j

Tt olE A 9AE 47 4.9+ 1.0 kbar, 55+
1.0 kbar 28] 3 55+ 1.2 kbare] ¢FHEzhe =23ty

(Table 3), A& o}& 22xele) ol Ale]E(anor-
thite)®] %= FAES A Sdz £
Hlad dxske dFHE HoFoh meba A
odo} HAFUHL 49~55khar2 FA =T

Fig. 3% Kretz(1990)2] #2749} &7 Newton
and Haselton(1981)3} Koziol and Newton(1989)2]
A GAE AHgste] P& 7 HEF] I 2=
%i—;‘?_% Hoj ZFr}l Berman(1988)e] Al-4fAted #E
P A BAE ol g, £F 1518 AlYe
Fol A ek i) o]zl
e FAM =AY ) i HE HE
A3Bohlen ef al., 19912 HLsle]m nlztzx]o]
t}h Fig. 3oi4] @A4le] wrAg TE3 77l X
A A E Lee ef al(1991)¢] 374 F32(039, 046,
047; Fig. 1) =5 FAA MY A 34 F
dezfe #ZHd) 150°C A= Belznl 2 WS

Z Holoh Al-aked 457 & J B SR E
oral el (Kerrick, 1990) w3
5] 2 232 (temperature overstepping)
A A=A o o8 717HEQE el gl

=
r{n o
‘:m r°"
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Table 3. Pressures estimated from the GASP geobarometry. Chemical data are from Lee et al. (1991)

Sample no. 212 046 039 244 241 066 047 151 200 205 Mean P (£ 13)
Kin 0.306 0303 0293 0289 0257 0346 0260 0240 0290 0.260

Koss 0.028 0027 0027 0027 0029 0047 0024 0044 0030 0012

T (°Cr 792 766 700 620 644 613 667 644 753 633

P (kbar) 6.06 5.56 4.27 344 4.36 421 3.78 6.49 6.26 4.67 491+ 1.04
P (kbar) 6.43 5.98 4.82 4.16 494 4.97 4.32 7.00 6.68 5.28 546+ 0.95
P (kbar) 6.94 6.44 4.88 3.75 4.92 4.42 4.24 6.99 7.13 5.37 551+ 1.20

eCalculated from the garnet-biotite geothermometry of Kretz (1990); *Calculated from the GASP geobarometry
of Newton and Haselton (1981); “Calculated from the GASP geobarometry of Hodges and Spear (1982); “Calcula-
ted from the GASP geobarometry of Koziol and Newton (1989).

2ha wl7)7} WSk mebd of 150°CY 2AeeE
Hol: JdAAo £3e JH AA - Aoz A

o115 e 7F5 4

& ARk 22 olEg AME A Sl
A dEAE gheke B T AN 8
st Qgr) gro saseiof & Aolth

23-33 A A FAA 0] AFER A&
ae) fAuojel BehA S 23shs 4757 A
A3 HAL grs)=d Fa38 ARE AFIrh o]
DA} 22A4(1992)2) A7 Axpel g opH A
T2 AZSHY AHolw dRI} FAHe] bt
Zolglo] wiAAE-L FH9se HolFrh ol
Z2arg] WA AT 9] HZ| FEde
23z oty FRALET] WAZAd = (Fig. 3

1241]‘— 04—? Zede] FHa A Z8-(peak meta-
morphism)®] 683+ 62°C2} 4.9~5.5 kbare] 333}
TR+ K- Boel] mdal g8 Haloh ol
an‘j’j ;(}_E‘:_ oﬂiz—]o]ﬂ Er/}.‘:

& wWrkFig 3). Wb EE EEE K

) = -
AL QuHe g AFA-FLE

s 2+ = gHA(Hollister ef
%%—(1992)01 o1& 54 kbar9)

A Ak AR

h=4 |

= A Bol (1) %%‘ﬂ 4 sl Ao 2= 7}
(isobaric heating) =& (2) U3t

s+ 7}4-(isothermal decompresswn)OH o) 49
2 4 Qo ey 45 vk BgAer d4E
ZH Zbotsl FrEAREe] WAV Ak g o
T #A33=(Fig. 3; Lee and Cho, 1993) ¥x}9] 7}
44 AAz) £ WAV AkEsE
MFA e AR W3tz e 92 2=z A
3 &% ZA(607°C~ 699°C) ofgfjell A <k 5
kbare] 91 shapol lolyke-g woiEeh o volrh
oF 150°Ce] Z3}-&Tolx B3l wAAe] A5
B2 HEFH s AAAZ FbE
WA= o) F 2 FA=EH=
A2 Fel

pson and England, 1984). 017}}01]/1% Xﬂ ]‘q} 7hd-&
ko @ ]S wo ohrlalr 7l A A A EA oo

)& AEx o} v, E3) ML ANE at
ge aEel A7usE Fushed ol
% 4 gl
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Occurrence of kyanite in the Yongduri gneiss complex of the
Chuncheon-Hongcheon area: its tectonometamorphic implication

Moonsup Cho and Jongwook Kim

Department of Geological Sciences, Seoul National University,
Seoul, 151-742 Korea

ABSTRACT : We report on kyanite newly found in the Yongduri gneiss complex of the Chun-
cheon-Hongcheon area, central Gyeonggi massif. Major mineral assemblage of quartzofeldspathic
gneisses in the study area consists of biotite+garnet+ sillimanite + plagioclase + quartz+ kyanite
+ K-feldspar+ muscovite. Kyanite occurs in four samples, and coexists with sillimanite in three
of these samples. In most cases, kyanite is anhedral to subhedral, ranges up to 1mm in the
maximum dimension, and occurs as metastable relict grains. These observations indicate that the
Yongduri gneiss complex has experienced a medium-pressure type metamorphism, followed by
low-pressure type one belonging to the sillimanite + K-feldspar zone. Average temperature and
pressure of the peak metamorphism are 683+ 62°C and 4.9~5.5 kbar, respectively, when the exis-
ting chemical data are re-interpreted. In conjunction with the finding of kyanite in the Cheongpye-
ong-Gapyeong area (Lee and Cho, 1992), this study demonstrates that kyanite may occur regionally
in central Gyeonggi gneiss complex. Moreover, the persistence of kyanite even after the high-T
metamorphism of the sillimanite +K-feldspar zone suggests that the central Gyeonggi massif has
experienced a tectonometamorphic evolution characterized by a rapid uplift.

Key Words : Kyanite, medium-P type metamorphism, tectonometamorphic evolution, Yongduri
gneiss complex
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