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Abstract: Trachytic rocks among the bimodal metavolcanic rocks of the Gyemyeongsan Formation and
adjacent areas are investigated. Some rocks reveal very high content of iron and most rocks show very
high abundances of rare earth elements and high field strength elements. Most rocks show significant Eu
negative anomaly, which can be interpreted as the result of plagioclase fractionation. Lack of noticeable
Nb negative anomaly indicates not-involvement of crustal material in their generation, which excludes the
arc environment or remelting of continental crust from their genetic process. Metatrachytes of the
Gymyeongsan Formation are plotted within the within-plate environment of the tectonic discrimination
diagram utilizing immobile high field strength element Nb and Y. They also show typical characteristics
of A-type magma, such as high Ga content. Considering their affinity to Al-type of Eby (1992) and their
age of 750 Ma (Lee et al., 1998), they seem to have been produced by the differentiation of mantle-
derived within-plate magmatism at the rift, related with the separation of Neoproterozoic supercontinent
Rodinia. Possible connection of Gyemyeongsan and Munjuri Formations of the Okcheon metamorphic belt,
at least part of them, to the Cathaysia block of South China during the Neoproterozoic is strongly
suggested.

Key words: Okcheon metamorphic belt, Gymyeongsan Formation, Munjuri Formation, metavolcanics, A-
type, rift, Neoproterozoic

"Retired
*Corresponding author: Tel: 82-51-620-6241, Fax: 82-51-628-6432, E-mail: khpark@pknu.ac.kr

157



158 AR - 7S - v

M B

SAMAE e xFo] AFE7| A& o
2 =] giielNd gl dAx &
A3 WAl i3t =t Ald FEHL
ond, 2843 A8, 2002; 9E4 9, 2003;
Cheong et al., 2003; Kim et al, 2005), ol 3%
9] Az}AsAE FEster SHWI ¢ FaTS
D2 ok SREAd e o8 FAUHE FelA
T BER 9X% AuitE 2 #5EE2e
ol& T, 1965y o8 =gk F4lolgt B 4

A& Eo] AWLEY AHAZIH Haie 24D
2ZHRE Al o]27171A] Tkt o] Ao] e,
olthA 9], 1972; ¥ 9, 2003), M A YA E &
A o2& AEFEe FHGFNA FHHEe] o]27]
7R ofg 7k As7t IchAEE 9, 1991). Eg
FAGM GA HAER G 2R WA IgrA] o
W3 olAo] AAEHL deniE, A7IEH o] Ft,
1965; Reedman et al, 1973; U713 9], 1982; Clu-
zel, 1992; AR &3 754, 1997), HFEe] #AE2
oA = 43| AHR 2T N2 Folodr)

FH LANA e AWLES AHY EFEF A
Aoz 483 (bimodal) 3HiTE-Fol 2|3 WAt
Eo] Zx3o] L4HHHH(Cluzel, 1992; AEF 9,
1995; A &3 F23, 1997) o] F A WAt
9] A& U-Pb Ath7} 7958 7hd 02 R EUTHLee
et al., 1998; &4 9], 2004). ol A= AN
o] 2|& 2rjyole] EFA| sEsl, BAlg
IR E s BQsted it X7 A
3] < @ % U2 AARRH o9t o
BE23 GET FoA ofd A
2PA =R E GEE F YoH, o FF9 F Xy

0% AYexe s

=2
N
)
N
2%
o gg

=d v Fasitha Azhgit
o] =EME 7|& 1:5% AAEoA e AgatE
o2 BAYE Ao hRR FeE Ao 4P
B, 23y 3EE AYe dyelA Fld 4eF
HASHAEE 2], 1995) FolH FE 4Hde] WA
PG ES dAFUdez 3. FU4 E Vs
1518

EAZ8E AEH 2(1995)9] A7AM 58 w
E ASEL uigoz 7 A7aety 538 Aun

[

ARAES TS A WYSIGEY 5L A
AEsle] ogo] offl N7 BN WEold A
o] dhate] welgtoem AN 2L Fuel &
L EER.EERT B R R

X&NR

o] A thate 1:5% IIAAE FF =
712k o] B, 1965)04 AYAFoZ HHE A
7 EFdEe d8E ¥gshe FHAY
EqM e AEaEe Hopd WA AARE 2te
o ARG R, B5EEE HAoEYLR 7]
ARG o (7713} ©)&Tt, 1965), o1¢F 7ol AL
Z3 FFeZe) yiEo]l WAHZYo|ge At
Aol gREd 93] W o)A glo] wolsoA &
tHl, Reedman et al, 1973; Reedman and Um,
1975; ©1%4, 1999). &} Y713 2(1982)7F o A
Fo) A Fro| WAgshitdelste A E AASHA
I, Cluzel(1992y& Szt 7] A 2171 &
YRoA grEolgow o BA| tiE e 57
#dgE g5 AT H42Y nfaalgEe] U
the= AdE AAlstsnh o8t A 2 E9 ¢
2 e A E v griw agkEchdEg 9, 1995
BAEH} T2, 1997; Lee et al, 1998; ©HF71 9
2003; ZEA 9, 2004).

Lee et al(1998)> Alrg4t
o ¥¥sle A8y WAs
tsle] Ao EF3EE 750 Mae] HE A
zalgem, o] ddls 2FA 22004 238k
At oy dule AARLE B o A
ZUF Zojyole] EEA 7o, Sxwdujele] <
A 7FsAde] AVHER e dEaelA® 2 Al71¢
okzly] A EEo] RuEe] dthkel, Li et al, 2005).
ol vk 2](2003) AlHAEe]l AUy Ad)
2 7icky wEslgh 2Ey v £ F
7k B3 Nd 5994 #el 84 3 AgdE
Az Jehl)7] g A4ue dals e
g AFEo] XFEHU] WiEY Aoz Adst
Atk

A2 91(1995)2] AT U713 21(1982)7F A3
3 AXNY AWAE EEeFe] e € S
o2 FAIE X9ge] dF 9A wAgete g FAE
91g-o] WA KFig. 1). o]2% WAsIgE 7}
WAl Tgele F-Eol FFEEAAM ABdEe

A

e x|ool7] el o] ERelME AW

I

F <
A

lo]

2 )

o ol

=
oleh

J. Petrol. Soc. Korea



SHWY 37

127°4500°

o A AF SIEE 159

37 000d

N

L S T T S S

A T Y

N 0, L =S A S ¥ Coam 2 -A-L:)a- G ‘i:':i
+ + + S A A S + + +“':.—5 o Y
+ + o 4+ o+ 4.“'433.“1] 4=
W- E Q + o+ o+ o+ o+ o+ H 'a < : S )
]
+
¥
-

Chungju

&4 4
AR T
iy

o

R
e o
Lz

A I T T S S U
L I A S R L T T U + + o+
R T T T S
L S S S T S S AU S O

A T T T I T T B T

Quatemary [ @a}  Afluvium
Mesozaic | 1:{:‘: Granite
%' Meto-trachyte
piisy Amphibolite
Hmies MR roriarsohist
Psammitic rocks
Q:interbedded quartzite

Ogcheon | e Calcareous pelitic rocks
Group use Upper pelific rocks
¥ups  USP:sandy pnviite
b UBS : Black phyliite

W EE

X0 Pebble bearing phyllite

Lower pelitic rocks

o interbedded limestona(L)
% quartzite(@)
Joseon ;
ﬁ Limestone
Group C @ @ quartzite

-t~ Anticiine, plunging
Adas Thiust

4—X—S neline, plungin:
Fault v plunging

—ﬁ—~ Syncline, overtuined .
36 4500

128 0000

Fig. 1. Geologic map of the study area, modified after Kim ef al. (1995). Sample locations are also shown. The metatra-
chytes are not restricted within the area formerly known as Gyemyeongsan Formation.
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Table 1. Major element composition of the metavolcanic rocks of the Gyemyeongsan Formation.

Sample Si0, ALO, Fe,0* MnO MgO CaO0 NaO KO0 TiO, PO, LO** Total
1 4953 501 4008 002 017 015 044 360 035 008 049  100.02
2 5594 1311 12.83 055 266 557 336 270 248  LI9 038 10077
3 6051 666 2680 001 022 032 050 498 051 010 019  100.80
4 6127 1748 895 011 055 016 362 728 048 009 099 10098
5 6353 1464 1076 012 033 037 38 614 056 005 050 100.86
6 6358 11.81 1266 028 08 207 073 665 063 006 095 10025
7 6359 1169 915 032 071 320 210 616 057 004 314 10067
8 6406 1327 930 016 033 137 229 663 054 006 137 9938
9 6452 1496 551 025 168 272 426 417 095 017 107 10026
10 6580 1289 882 023 033 08 413 514 053 005 080 9952
11 66.13 1323 859 024 059 129 432 503 08 010 019 10057
12 6712 1180 893 019 053 130 312 452 055 006 079 9891
13 6945 1542 337 006 060 122 365 349 062 008  LI6 9912
14 6946 1227 938 007 038 090 022 474 061 010 215 10028
15 7334 854 839 007 047 101 133 561 047 004 038  99.65
16 7351 1185 588 001 005 005 308 58 035 003 031 10096
17 7736 111 261 005 014 034 365 339 017 003 059 9944
188 5741 1496 1029 022 09 262 572 50l 127 056 094 9996
19* 5884 1250 1876 013 037 071 524 401 049 008 001 10114
20° 6357 1422 852 032 027 174 553 48 058 008 090 10055
*Total iron as Fe,0,. **LOI = loss on ignition. *Eoraesan core samples.
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Fig. 2. (a) Na,O and (b) K,O versus SiO, plots of the
acidic metavolcanic rocks from the study area. They do
not show clear differentiation trends but considerable
scatter, probably due to mobility of alkali elements dur-
ing the metamorphism and/or hydrothermal alteration.
It is worthwhile to notice the very high abundances of
the alkali elements in these rocks.
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Fig. 3. Zr/TiO,-Nb/Y classification diagram of Winches-
ter and Floyd (1976) is applied to the acidic metavolca-
nic rocks of the study area. This diagram uses high field
strength elements which are immobile during the meta-
morphism and/or weathering.
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Fig. 4. Chondrite normalized rare earth element abun-
dances of the acidic metavolcanic rocks of the study
area. Most metatrachytes (solid triangles) reveal obvious
negative Eu anomalies. However, Eoraesan core samples
(open triangles) do not show strong negative Eu anoma-
lies. See text for the discussion. Extremely low Er value
of sample #2 seems to reflect some error and is omitted
from the plot.
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Fig. 5. ALO, versus Eu/Eu* diagram for the acidic
metavolcanic rocks of the northeastern Okcheon meta-
morphic belt. The rocks with more severe negative Eu
anomaly (low Euw/Eu*) show lower Al,O, contents,
reflecting fractionation of feldspar. Solid triangles are
from this study, crosses are from Park er al. (2003), and
open triangles are from Park et al. (2005).
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Fig. 6. Spidergrams for the (a) metatrachytes analyzed
in study and (b) acidic metavolcanic rocks of Park et al.
(2003). Two typical samples (solid triangles) from this
study are also shown in (b) for the comparison. Both
plots show well developed negative peaks at Ba, K, Sr
and Ti, which seem to reflect fractionation of feldspars
and Ti-bearing minerals. Notice the difference in Nb.
See further discussion in the text.
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Fig. 7. The Nb-Y tectonic discrimination diagram for
granites (after Pearce ef al., 1984), showing the fields of
voleanic-arc grantes (VAG), syn-collisional granites (syn-
COLG), whithin-plate granites (WPG) and ocean-ridge
granites (ORG). The broken line is the field boundary
for ORG from anomalous ridges. All the analyzed
metatrachytes (solid triangles) are plotted within the
WPG field. Acidic metavolcanic rocks of the others (Lee
et al., 1998, open squares; Park, J.G et al., 2003, crosses;
Park, M.-E. ef al., 2005, open triangles) are also shown.
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lower left corner in each diagram indicates non-A type magmas (I-, S- and M=type granitic magmas).
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UL 7l~s*é° HoFs Joa Fo|Hr) 1998)41‘ Az g}, wEiA AlEAEe] HAgstdEe
T el Do) W= FAoaRE YAE o}
APx=ghy meHs a2 RE feig Aoy B,
AYE HEY e AFze BEE 9%
Nb-Y =3 (Pearce et al, 1984)4] AlmArE wAdzy olaof G8-Ag siaeiso 3
& Alg BFUF BT 3o TARFig 7). ¥ ZFA e AASIRIES 7 B 2L o
HY2E EFsl= (Y+Nb) -Rb =F& 2uEs 3 - E2 9 44 ¥ 3FHYLE9 ghefoln). of
ﬂl%ﬂ—ﬁ 4 de 47 ARE AYstae 2T ) gk 2L A-Y mlavbeld AEHo= Jehe
5 A zAED A AES Rabe g7 9 dol7|w i), ¢k A FZFA WY o) TR
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Fig. 9. Y-Nb-Ce plot of Eby (1992) to subdivide A-type magma. The acidic metavolcanic rocks of the study area are

plotted within Al field.

Table 2. Trace element composition of the metavolcanic rocks of the Gyemyeongsan Formation,

Sample Ba Cs Ga Hf Mo Nb Pb Rb Sb Sn S Ta Th U W Y Zn Zr
1 1525 150 21 354 1119 237 3 117 1348 127 303 160 264 543 34 886 37 1340
2 673 1.02 34 39 499 143 3 107 095 86 2894 101 212 555 14 921 678 221
3 668 037 30 373 3074 292 2 146 437 112 204 210 353 17.11 150 1493 13 1422
4 888 274 122 289 115 166 21 164 029 214 782 108 151 255 25 937 218 1163
5 333 114 46 105 165 221 9 139 018 70 1346 157 192 228 26 915 50 821
6 870 190 63 521 145 462 26 183 066 186 1357 320 488 2.85 3.7 1925 338 1938
7 155 077 44 300 173 265 19 127 029 13.0 1313 184 368 4.09 29 1445 118 1201
8 775 041 37 347 173 281 9 137 037 1L1 907 203 328 12.12 57 1382 69 1667
9 348 113 41 332 227 249 5 126 069 105 1330 166 265 4.53 24 1156 87 1295
10 132 118 46 371 3.8 289 7 1001 015 128 985 223 372 4.64 28 1257 152 1439
11 84 056 46 337 166 271 3 11020 122 386 189 306 424 22 1244 57 1335
12 69 006 50 809 190 530 17 102 056 260 398 420 798 899 47 2429 84 2816
13 476 344 34 203 438 204 16 166 025 160 856 152 545 655 48 940 71 736
14 373 218 45 458 505 324 7 152 050 122 669 271 441 1501 118 1843 141 1758
15 112 024 56 3328 250 1715 12226 175 1699 207 1706 3583 9293 6.5 9214 24 10652
16 97 085 44 409 056 198 32 149 057 128 359 156 362 437 35 2119 65 1813
17 185 0.87 22 147 7.66 145 15 104 014 123 495 179 483 459 31 405 26 459
18 661 048 29 120 192 94 3 254 181 18 853 58 147 291 06 564 36 525
19 237 886 35 173 173 71 3 127 030 266 646 60 173 244 08 700 72 743
20 155 339 .39 190 179 143 2 129 085 72 443 89 207 414 09 797 41 797

g0 £NHo] HeHUTh BRY B BE B e al, 19870 BABE L & Uk

2 3P HZ24hF (anorogenic) T olghe 2jm|o]7] A-% VoS thA] AR Eby(1992)9) A3}

ol P A-F whartel] SaheA] HESE ¥
27} 9ltk ol EklaE] Y8 Ga/Al ¥ the 9
AE0

FHAZTE A-Y wanE dEse =Y
E(Whalen er al., 1987)& =3I tHFig. 8). 2 A7}
AEES HAZELES A3 A & Ga/Al
BlE&T £ Nb R Zr FF 53 22 YA A-Y
373k vwlaeke] A9 (Collins e al., 1982; Whalen
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82 715 mEY o5& ALY ey oo &
StohFig. 9). ol A28 o2 ¥REE sk
&5 9, 1998)01vt Fatsbdd(Lee er al, 1995; 17
A9, 1996)3 e st el g2 AE stetEs
< o8 Fdoly, AR Wl velves gz 8t
FEEAA 9, 1998)F 22 BFo] &3t} Eby
(1992)°] WEH Al-Y PLe F2 439 2L
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Table 3. Rare earth element composition of the metavolcanic rocks of the Gyemyeongsan Formation.

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1 56.8  106.8 11.1 422 11.8 133 1420 263 1495  3.28 10.51 1.67 10.16 1.39
2 113.9 2441 26.2 1057 21.7 438 1932 3.13 1540  3.10 0.17 1.35 7.35 1.05
3 47.7 93.9 11.6 499 224 286 3488 622 3100 6.12 17.61 2.51 13.76 1.76
4 809 1523 19.5 75.3 15.8 2.25 14.71 2.1 1493 338 10.71 1.63 10.36 1.52
5 1584 3182 344 130.5 264 407 2073 333 1724 335 9.77 1.45 8.20 1.12
6 4119 7790 865 3180 581 543 4397 702 3490 708 2045 316 1731 2.29
7 2226 4389 455 1669 314 307 2620 452 2361 5.15 1570 243 13.77 1.92
8 2646 5426 602 2294 435 464 3294 493 2418 5.06 14.91 2.20 12.19 1.67
9 186.7 3637 377 136.5  26.1 465 2266 402 203t 4.09 12.57 1.81 11.05 1.53
10 264.5 5068 542 1938 354 333 2816 436 2168 455 1412 2.18 12.77 1.88
11 216.5 4035 435 158.1 30.3 475 2553 441 2226 453 13.58 201 11.28 1.57
12 457.1  825.1 88.1 3040 569 368 4710 817 4302 89 2728 439 2497 333
13 2872 5300  50.6 164.5 265 2.24 1845  2.83 1430  3.20 1033 1.80 10.82 1.61
14 2047 5409 584 2100 367 443 3474 627 3432 728 2138 321 1789 236
15 9479 1812.8 2308 8281 1824 8.07 17064 3346 18194 39.71 12422 1984 11466 1442
16 4174 6137 782 2714 490 190 4178 705 3642 774 2428 395 2286 334
17 704 153.1 143 50.1 10.5 0.18 7.83 1.46 8.04 1.79 644 121 8.10 1.17
18 95.1 1915 19.8 715 152 4.86 13.14 202 10.06  2.02 578 080 483 065
19 2483  459.0 433 1439 231 444 17.84 271 1346  2.56 7.26 1.01 6.12 087
20 1162 2387 253 98.1 19.7 374 1609 274 1424 283 845 128 785  1.07

oA s Zog dA gdow, HYE A¥ IR LTS AU A A7xH EHE ¢

9H(oceanic istand basalt)Z FAFE ZHEDZHE FE ¢ S DAoth FHAGY AdddY &

3 vlavte) E8Ee Yepitha Stk ot tE
7 FBol} £58740 slantate B3 HEA7
o §g07 WEollE A2E Ha e Aol

al
ES

A-ASY AS siESel Mol W xPEY

Fagtie) BAHE A-
oz ofe 77t AL
Aol A7k @ WE 29 84
olaupe] BEAE 2 2A)7F gAe T
3}2+g-o|tH(Collins et al., 1982; Whalen ef al., 1987,
Eby, 1992; Bohrson and Reid, 1997; Barbarin, 1999;
Tura et al, 1998; Li et al., 2002; Peccerillo et al.,

2003). AEAFEe] WAAZHERS Eby(1992)9] Al-E B
Aol £317] W] WEA F 3 vlznle] E3}E
o 7HsAo] =oh w3 A7tEA AA YE}E
Nb o7} BAE A o e (T) Ftol %ol #e
7t (Lee et al, 1998y 1= Z3td edfd Ui
ARAZ EAo] TFEA AEE vEhdTh F A
g HAEEge Bl dIdd WETEE
vrepdiet,
A% AgzEgel vehle ALY

2 SHEFS AvEd AUz A4 e
¢z EEol RHAOH(Lee ef al, 2003), 'F
ZZojx Adgt)el 824 (anorogenic) M ¢EC]
BIES QUKL er al, 1999; 2002, 2003; Ling et
al., 2003). 53] FE5=9 A4 sRirES A8t
g EAo] u|$- v|sdith. olg g A17]1H, A 5}EHA
FA L o]Bo] Ao E F-EISE AAFET
Li er al(2003)2 Ztjuo} olefie] WIE FHEE0]
830~740 Madll 28] Hzl A5y AL, dFe &
TP 2 2Foe 2UF £EE /A =HAG
I ArEITh. Li et al 2005 'F59] Cathaysia
B2 Yol 820Ma2| 538 shileto] EXEE WAl

o

B

£ L o fo

dlg ob
£
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AN FAE Ao Foer)
£ Ga T 212 AYHA A-F rlarle
2 HelFn, Eby(1992)8) 7iEeg FREH
A-18 FGel &3}, o] olEo] EA3AoAM HE
2954 B3l2 APHAS ulgit.

750 Ma2] A4l olE9 AA7I(Lee et al,
1908)9} ol o] =348z 542 o)So] Al
ZU5 Zouole) 2d3 #HE3 3o wdol wh
Z R R vkaeiEhge] AEY S 7RI
ol SHHEAY FolAH Holx AW EFESE
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AL AL
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