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Abstract: The igneous complex consisting of mangerite and gabbro in the Odaesan area, the eastern part
of the Gyeonggi Massif, South Korea, intruded early Paleo-proterozoic migmatitic gneiss. The mangerite
is composed of orthopyroxene, clinopyroxene, amphibole, biotite, plagioclase, pethitic K-feldspar, quartz.
The gabbro has similar mineral assemblage but gabbro has minor amounts of amphibole and no perthitic
K-feldspar. The gabbro occurs as enclave and irregular shaped body within the mangerite, and the
boundary between the mangerite and gabbro is irregular. Leucocratic lenses with perthitic K-feldspar are
included in the gabbro enclaves. These textures represent mixing of two different magmas in liquid state.
SHRIMP U-Pb zircon age dating gave 234+1.2 Ma and 231+1.3 Ma for mangerite and gabbro, respectively.
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These ages are similar with the intrusion ages of post collision granitoids in the Hongseong (226~233 Ma)
and Yangpyeong (227~231 Ma) areas in the Gyeonggi Massif. The mangerite and gabbro are high Ba-Sr
granites, shoshonitic and formed in post collision tectonic setting, These rocks also show the characters of
subduction-related igneous rock such as enrichment in LREE, LILE and negative Nb-Ta-P-Ti anomalies.
These data represent that the mangerite and gabbro formed in the post collision tectonic setting by the
partial melting of an enriched lithospheric mantle during subduction which occurred before collision. The
heat for the partial melting was supplied by asthenospheric upwelling through the gab between continental
and oceanic slabs formed by slab break-off after continental collision. The distribution of pest-collisional
igneous rocks (ca. 230 Ma) in the Gyeonggi Massif including Odaesan mangerite and gabbro strongly
suggests that the tectonic boundary between the North and South China blocks in Korean peninsula passes
the Hongseong area and futher exteneds into the area between the Yangpyeong-Odaesan line and Ogcheon

metamorphic belt.

Key word: Gyeonggi Massif, Odaesan, Mangerite, Gabbro, Triassic, Post collision tectonic setting
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Fig. 1. (a) Simplified geologic map of Korean Peninsula and (b) Simplified tectonic map and metamorphic trend
along the Dabie-Hongseong collision belt (modified after Oh and kusky, 2007). Westward along the Dabie-
Hongseong collision belt, the metamorphism changes from UHT (uitrahigh-temperature metamorphism, stars) to
HP (high-pressure metamorphism, square) and UHP (ultrahigh-pressure metamorphism, circle). Abbreviations: KM,
Kwanmo Massif, NM, Nangrim Massif, PB, Pyeongnam Basin; IB, Imjingang beit; GM, Gyeonggi Massif, OMB,
Okcheon metamorphic belt; TB, Taebaeksan Basin; YM, Youngnam Massif; GB, Gyeongsang Basin.
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Fig. 2. Simplified geologic map of the Odaesan Area
(modified after Oh et al., 2006a) with simplified tectonic
map of northeast Asia. Abbreviations: HS, Hongseong
area; ODS, Odaesan area. Other abbreviations are
the same as those used in Figure 1.
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Fig. 3. Photographs of rock slabs and photomicrographs of samples from the Odaesan area. (a, b) Rock slab and
photomicrograph of the Odaesan mangerite showing porphyritic texture with the assemblage orthopyroxene (Opx) +
clinopyroxene(Cpx) + amphibole(Amp) + biotite(Bt) + plagiociase(Pl) + K-feldspar(K-feld) + quariz(Qtz). (c, d) Rock slab
and photomicrograph of the Odaesan gabbro showing granular texture with the assemblage Opx + Cpx + Amp + Bt
+Pl+Qtz.

Fig. 4. (a) Photograph of the outcrop showing gabbro enclaves within the Odaesan mangerite and leucocratic lenses
with K-feldspar in the gabbro enclaves. (b) Photograph of outcrop showing imegular boundary between the mangerite
and gabbro. {c) Photomicrograph of the Odaesan mangerite showing biotite(BY) inclusions in amphibole(Amp). (d)
Photomicrograph of the Odaesan gabbro showing acicular apatite(Ap) inclusions in plagioclase(P!).

Vol. 20, No. 2, 2011
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Table 1. Representative chemical compositions of clinopyroxenes and orthopyroxenes in the mangerite and gabbro

}t{;);é( Gabbro  Gabbro  Gabbro Mangerite Mangerite Mangerite Gabbro Gabbro  Gabbro Mangerite Mangerite Mangerite
Sample 0OD1002 ODI1002 OD1002 ODI1002 OD1002 0ODI1002 OD1002 ODI1002 ODI1002 ODI1002 ODI002 0ODI1002
05-1D  05-1D  05-1D  05-2C  05-2C  05-2C 05-1D  05-1D  05-1D  05-2C  05-2C  05-2C
Mineral  Cpx Cpx Cpx Cpx Cpx Cpx Opx Opx Opx pyr(i)tggle* pygkl))gl o pyr(i)ti))(i(l o
Sio, 52.28 53.01 5221 53.77 53.07 5347 5225 52.57 52.26 54.94 52.87 54.56
TiO, 0.24 0.10 0.31 0.22 0.25 0.14 027 0.22 0.18 0.07 0.10 0.09
ALO, 1.28 0.59 1.35 0.82 0.92 0.59 0.79 0.86 0.75 0.34 0.38 0.35
FeO* 8.96 8.33 9.00 9.50 9.61 10.08 22.66 23.29 23.30 20.86 23.59 22.23
MnO 0.24 0.26 0.24 0.31 0.31 0.42 0.56 0.53 0.53 0.90 1.16 1.27
MgO 14.23 14.62 14.13 12.18 12.51 12.01 21.06 21.27 21.24 16.51 16.20 15.69
CaO 22.57 23.56 2231 23.35 22.74 22.83 1.98 1.01 0.88 1.29 0.89 1.02
Na,0 0.28 0.17 0.27 0.17 0.24 0.22 0.02 0.00 0.00 0.05 0.04 0.04
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Total ).06 10065  99.82 - 99.90 99.89 99.59 99.75 99.13 95.01 95.29 95.30
R Number of ions on the basis of 60 ) ]
Si 94 1.96 195" 200 2.02 1.97 1.98 1.98 2.20 213 2.20
Al 0.06 0.03 0.06 0.04 0.03 0.04 0.04 0.03 0.02 0.02 0.02
Fe 0.22 0.19 023 0.30 0.32 0.69 0.73 0.73 0.70 0.80 0.75
Fe¥' 0.06 0.07 0.05 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.00
Ti 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00
Mg 0.79 0.81 0.79 0.70 0.68 1.18 1.19 1.20 0.99 0.97 0.94
Mn 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.04 0.04
Ca 0.90 0.93 0.89 0.92 0.93 0.08 0.04 0.04 0.06 0.04 0.04
Na 0.02 0.01 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Wo* 49 50 48 48 48 4 2 2 3 2 3
En* 43 43 42 37 35 61 61 61 57 54 54
Fgs* 8 7 10 16 17 35 37 37 40 44 43
Wo*=Ca/(CatMg+Fe)x 100, En*=Mg/(CatMg+Fe)x100 and Fs*=Fe/(Cat+Mg+Fe)x100.
Opx pyribole*: pyroxene-amphibole intergrowh. FeO*= Fe as total FeO.
Table 2. Representative chemical compositions of feldspars in the mangerite and gabbro
Rock type  Gabbro Gabbro  Mangerite Mangerite Mangerite Mangerite Mangerite Mangerite Mangerite Mangerite
Sample 0ODI1002 0OD1002 ODI002 ODI002 ODI002 ODI002 O0D1002 ODI1002 ODI1002  0OD1002
05-1D 05-1D 05-2C 05-2C 05-2C 05-2C 05-2C 05-2C 05-2C 05-2C
Mineral P1 Pl Pl Pl Pl Pl Pl P1 Ksp Ksp
Sio, 55.44 53.85 60.08 58.06 55.19 54.31 63.02 66.86 63.98 65.18
TiO, 0.03 0.04 0.01 0.03 0.00 0.03 0.00 0.00 0.08 0.06
ALO, 28.98 30.23 24.15 26.41 28.36 28.82 23.28 20.24 19.74 19.18
FeO* 0.23 0.12 0.04 0.06 0.05 0.08 0.03 0.02 0.06 0.05
MnO 0.02 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.01 0.00
MgO 0.01 0.00 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00
CaO 9.51 10.65 7.31 7.80 9.93 10.70 3.00 1.80 0.00 0.00
Na,0 6.30 5.54 7.56 7.04 6.06 5.75 9.90 10.70 1.64 1.74
K,O 0.29 0.26 0.09 0.39 0.24 0.16 0.11 0.12 13.69 14.07
Total 10081  100.72 99.26 99.81 99.87 99.86 99.34 99.75 99.20 100.27
. R Number of ions on the basis of 32 O .
Si 9.92 9.67 10.79 10.42 9.96 9.83 11.20 11.76 11.81 11.92
Al 6.11 6.39 S 5.58 6.03 6.14 4.87 4.19 429 413
Fe” 0.03 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01
Fe** 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1.82 2.05 1.41 1.50 1.92 2.08 0.57 0.34 0.00 0.00
Na 2.19 1.93 2.63 2.45 2.12 2.02 3.41 3.65 0.59 0.62
K 0.07 0.06 0.02 0.09 0.06 0.04 0.02 0.03 322 3.28
Ab* 54 48 65 61 52 49 85 91 I 16
An* 45 51 35 37 47 50 14 8 0 0
Or* 2 1 1 2 1 1 1 1 85 84

Ab*=Na/(Na+Ca+K)x 100, An*=Ca/(Na+Ca+K)x100, Or*=K/(Na+Ca+K)x100, FeO*=Fe as total FeO
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Table 3. Representative chemical compositions of amphiboles and biotites in the mangerite and gabbro

Az el

Rock type  Gabbro Gabbro Gabbro  Mangerite Mangerite Mangerite Gabbro Gabbro  Mangerite Mangerite
Sample 0ODI1002 ODI1002 OD1002 ODI1002 ODI1002 ODI1002 0OD1002  ODI1002  ODI1002 OD10Q2
05-1D 05-1D 05-1D 05-2C 05-2C 05-2C 05-1D 05-1D 05-2C 05-2C
Mineral Amp Amp Amp Amp Amp Amp Bt Bt Bt Bt
Sio, 51.59 51.70 52.98 52.04 53.89 53.09 36.70 36.82 36.22 36.32
TiO, 0.95 0.13 0.01 0.63 0.44 0.21 5.75 5.68 475 474
ALO; 433 374 1.50 3.79 2.36 0.94 14.10 14.49 14.20 14.13
FeO* 10.94 14.01 12.91 12.41 11.29 14.11 14.60 14.78 17.15 17.34
MnQO 0.18 0.32 0.33 0.26 0.39 0.25 0.11 0.09 0.19 0.17
MgO 16.48 14.68 15.73 13.77 15.45 14.39 14.28 13.95 1171 11.77
Ca0 12.10 12.03 12.28 13.03 12.19 12.93 0.00 0.00 0.00 0.00
Na,0 0.73 0.35 0.13 0.55 0.35 0.09 0.14 0.13 0.09 0.06
K,0 0.31 0.21 0.03 0.28 0.17 0.04 9.60 9.17 9.13 9.78
Total 97.61 97.16 95.89 96.64 96.50 95.97 95.28 95.10 93.43 94.30
Number of ions on the basis of 23 O Number(gt: lgﬁs’ (;?(t:];)e basis 0f 24 O
Si 739 750 7.74 7.66 7.83 7.85 5.75 5.76 5.85 5.83
ALY 0.61 0.50 0.25 0.34 0.17 0.15 2.25 2.24 2.16 2.17
Al" 0.12 0.14 0.01 0.32 0.23 0.01 0.35 0.43 0.54 0.51
Ti 0.10 0.01 0.00 0.07 0.05 0.02 0.68 0.67 0.58 0.57
Fe* 1.10 1.36 1.27 1.53 1.37 1.69 1.91 1.93 2.31 2.33
Fe* 0.21 0.34 0.31 0.00 0.00 0.05 0.00 0.00 0.00 0.00
Mn 0.02 0.04 0.04 0.03 0.05 0.03 0.01 0.01 0.03 0.02
Mg 3.52 3.17 3.42 3.02 335 3.17 3.33 3.25 2.82 2.82
Ca 1.86 1.87 1.92 2.06 1.90 2.05 0.00 0.00 0.00 0.00
Na 0.20 0.10 0.04 0.16 0.10 0.03 0.04 0.04 0.03 0.02
K 0.06 0.04 0.01 0.05 0.03 0.01 1.92 1.83 1.88 2.00
Fe/ 0.24 0.30 0.27 0.34 0.29 0.35 0.36 0.37 0.45 0.45
(FetMg)
FeO*=Fe as total FeO
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Table 4. Whole rock compositions of representative mangerites and gabbros in the Odaesan area

%?;é( Gabbro Gabbro Mangerite Mangerite Mangerite(Oh et al., 2006a)
Felsic mangerites(mangerite) Matfic mangerites(gabbro)
Sample OD1002 OD1002 ODI1002 ODI002 041005 041015 041015 041015 041015 041015 041015 041015 041015
Pl 05.1C 05-1D  05-2B 05-2C 2A -2B -4A -6 S71A -4B -7C -7D -8

Major elements(wt. %)

Sio, 5200 5125 55.55 56.69 60.60 5730 5655 5729 5590 5240 5420 53.09 5343
ALO, 1178 13.34 14.24 15.49 1399 1591 1598 1497 14.30 1313 1354 1323 1256
Fe,0, 1.18 1.26 0.90 0.74 N.A N.A N.A N.A N.A N.A N.A N.A N.A

FeO 8.06 7.36 6.31 5.12 5.90 6.45 6.06 6.57 6.66 9.61 8.06 8.66 9.37
MnO 0.16 0.15 0.12 0.09 0.08 0.08 0.08 0.09 0.08 0.14 0.11 0.12 0.14
MgO 8.52 8.28 591 4.51 3.61 4.03 443 5.05 4.95 8.67 6.92 7.71 8.37
Ca0 8.32 8.45 5.74 5.29 3.28 3.99 4.61 5.68 4.30 7.59 5.80 7.07 7.84
Na,O 1.97 221 2.24 242 2.80 2.98 2.78 2.70 2.51 2.19 243 2.17 2.15

K,0 2.56 2.31 4.60 5.01 3.48 5.07 5.06 4.15 4.21 2.64 337 2.57 2.62
TiO, 1.22 1.15 1.38 1.29 0.67 1.13 1.20 1.22 1.24 129 1.22 1.25 1.07
P,0. 0.60 0.60 0.50 0.39 0.29 0.35 0.40 042 0.41 0.60 0.52 0.58 0.56
LOI 222 1.32 1.66 1.13 4.53 222 1.94 0.90 422 1.18 3.30 329 1.34
Total 99.51 98.50 99.87 98.72 9923 99352  99.10 99.04 98.78 9943 9949 99.75  99.45
Trace elements (ppm)

Sc 32 27 20 16 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Be 2 2 2 2 N.A N.A N.A N.A N.A N.A N.A N.A N.A
\% 208 202 146 118 79 92 105 110 114 183 150 181 176
Cr 510 480 300 240 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Co 39 37 29 22 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Ni 110 110 30 60 4?2 62 58 63 63 115 86 110 111
Cu 20 40 40 30 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Zn 160 120 120 80 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Ga 22 20 21 20 20 23 20 21 20 21 21 19 18
Ge 2.1 1.8 1.7 1.5 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Rb 96 &7 140 124 116 183 115 124 139 121 118 104 94
Sr 690 929 1110 1184 569 709 1141 1142 920 928 997 914 774
Y 29 25 24 17 20 17 13 16 16 27 20 22 26
Zr 145 115 131 123 266 492 341 93 330 159 115 94 111
Nb 232 185 223 23.9 18.4 26.2 20.2 22.8 255 16.4 19.6 17.7 17.9
Ag 0.7 0.5 0.6 0.6 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Cs 1.9 2.3 33 22 2.8 53 1.9 2.1 3.1 1.8 22 32 2.3
Ba 1710 1628 3018 3697 2136 2099 3672 3966 2344 2323 3885 1957 1906
La 56.6 56.6 57.7 49.1 533 57.0 40.3 44.5 483 572 48.3 532 535
Ce 117.0 114.0 112.0 92.7 984 1083 77.0 85.4 932 117.8 982 1047 108.0
Pr 133 12.6 12.1 9.8 10.7 12.0 8.7 9.7 10.4 13.7 11.5 123 12,5
Nd 515 48.2 47.1 36.1 38.2 42.8 327 37.0 38.9 51.5 428 46.4 47.7
Sm 9.52 8.52 8.50 6.09 6.40 7.10 5.60 6.50 6.80 9.50 7.70 8.30 8.50
Eu 1.84 2.18 2.62 2.80 1.60 2.30 3.20 3.10 2.50 2.40 2.50 240 2.10
Gd 7.26 6.53 6.51 4.54 4.90 5.40 4.50 5.10 5.10 7.80 6.10 6.70 7.20
Tb 1.03 0.94 091 0.62 0.80 0.80 0.70 0.87 0.70 1.20 0.90 1.00 1.10
Dy 5.50 5.06 476 3.34 4.00 3.80 3.10 3.60 3.70 5.80 4.40 4.80 5.30
Ho 1.01 0.94 0.87 0.62 0.80 0.70 0.60 0.60 0.70 1.10 0.80 0.90 1.00
Er 2.69 2.58 2.36 1.70 2.20 2.00 1.60 1.70 1.90 3.00 2.30 2.50 2.90
Tm 0.37 0.36 0.33 0.24 0.30 0.30 0.20 0.20 0.30 0.40 0.30 0.30 0.40
Yb 2.30 2.26 2.04 1.50 2.20 1.80 1.50 1.50 1.70 2.80 2.00 2.20 2.60
Lu 0.34 0.35 0.31 0.23 0.30 0.30 0.20 0.20 0.30 0.40 0.30 0.30 0.40
Hf 35 3.0 33 3.1 7.4 12.4 8.0 2.7 8.2 4.1 32 2.9 33
Ta 0.83 0.79 1.22 1.27 1.50 1.40 1.10 1.20 1.50 0.60 1.10 1.00 1.00
TI 0.36 0.35 0.54 0.47 N.A N.A N.A N.A N.A N.A N.A N.A N.A
Pb 16 14 34 26 31 32 32 32 31 14 29 18 28
Th 341 4.93 531 4.77 9.40 7.50 2.00 2.40 6.60 1.00 3.90 5.50 4.80
U 0.94 1.18 1.57 121 2.40 2.80 0.70 1.00 1.60 0.50 1.30 1.60 1.30

N. A : Not Analyzed
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Fig. 11. Cathodoluminescence (CL) images of sectioned
zircon graing and analyzed positions with 2°Pb/%U
ages for (a) Mangerite and (b) Gabbro.
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stage before continental collision. Water and crustal elements were supplied to the lithospheric mantle from the
subducted oceanic crust and sediments. As a result, fithospheric mantle was enriched with water and crustal
elements. (b) During the final stages of collision, the oceanic slab broke off from the continental slab, making an
opening between the continental and oceanic slabs. The heat of the asthenosphere supplied through this opening
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asthenosphere and formed gabbroic magma which underplated the lower crust. (c) The opening became wider
resulting more heat supply from the asthenosphere. As a result, the underplated gabbro was partially melted to
produce shoshonitic mangeritic magma. The mangeritic magma intruded the crust together with gabbroic magma
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