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The Tectono-metamorphic Evolution of Metasedimentary Rocks of the
Nampo Group Outcropped in the Area of the Daecheon Beach and
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Abstract: The metasedimentary rocks of the Nampo Group consisting of metaconglomerates, metasandstones,
phyllites are exposed in the area of the Daecheon beach and Maryangri, Seocheon-gun. Their typical
metamorphic assemblages of Bt-Mus-Grt-Qtz (+PI+Chl) and Bt-Mus-Qtz (+P1+Chl) indicate that they
have been under intermediate P/T type metamorphism and were metamorphosed to garnet zone grade of
amphibolite-facies during the Daebo Orogeny. Pressure-temperature conditions of peak metamorphism
estimated from geothermobarometries are 560~595°C, 6.9~8.2 kb respectively. The results of K-Ar biotite
age determination are 143.2+3.6Ma, 122.6+24Ma and 124.8424Ma and the last two ages are
considered as the results of later-stage thermal perturbation. On the bases of the formation age of Daedong
Supergroup of 187~172 Ma (Han et al., 2006; Jeon et al., 2007) combined with the results of this study,
the hypothetical model of tectonometamorphic evolution of the study area during Daebo Orogeny is
proposed. Crustal thickening resulted from folding and duplexing of thrusts in the area initiated at around
175 Ma just after sedimentation of Nampo Group. And then rapid cooling by normal faulting due to
crustal extention followed immediately after the peak metamorphism to the closure temperature of biotite.

Key words: Nampo Group, Daedong Supergroup, Daebo Orogeny, Metasediments, Metamorphism, Tectono-
metamorphic evolution, K-Ar biotite age
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Fig. 1. Simplified geological map of the study area around Chungnam coal field, Korea modified after Lee et al. (1996).

Douce et al., 1993; Kleemann and Reinhardt, 1994;

Holdaway et al., 1997; Gessman et al., 1997)2} X%
AN B .5 2 (GPMB) A4 Al(Ghent  and
Stout, 1981; Hodges and Crowley, 1985; Powell and
Holland, 1988; Holdaway er al, 1997; Hoisch, 1990,
1991)% o] &3ttt g S22 -4 {724 (GB) A4
(Holdaway, 2000)%} 419 -3 & R-AFEA A F4(GBPQ)
ALA(Wu et al., 2000)E 283t gk HAG 229
HxAH ¥l

AL AHLE T SR g K-Ar Al E &
ettt SRS IAYNEE "HEHvntel=

)
Ao} Jaw Crusher® w3¢t &= A ZE 80~120 mesh =

2eAHE 5 A

& AA it QSAHLS 7| 2AsHA A
AT FEad 23t K-Ar oz AhE
Aottt Kol Aol = dA-3E3EA4 7| (2.
Unicam 989), Ar S l= MicromassAtS]
VG5400 AFEA 715 o) &siet AAgE 4
oL 233 912001)00 whskch,

il

E

e O

b s

A

N

Vol. 17, No. 1, 2008

7K
CHESH =8 XY

a5 $E 2 st £l WAdE g9,
RN, Alhe) 353 Wuidst @ AdEe= 7
e =570 =FEHY Ao =Fe AR 100m
= Hed WEEe F2 WA AndEde
2 ANES FE QO A 5522 P H 3
o 9GS 29E JS52 4, A, e
Gol] Foli ofF2 Mol A HAWY 9 ke
3G dEx 22X o AeHT 982 UiFE
Yvp=rt wlg- T2 oFg A HHW7A 9 =
A= ZdEEx 7he 2FHY, [EE mE ARE
A} He A= 12emolA 10em7F @& A7HA]

ot g2 B33 Holtk(Fig. 2a). ©HAAE AFY
ARQtoll A g @ AR 7lA] abHSH}



84 - 3w - A

-
-
.
—
L
—
-~
-
—
—
fal
—

Fig. 2. Outcrop photographs of the Nampo group metasedimentary rocks. (a) Boulders and cobbles in metaconglomer-
ate formation mainly consisting of quartzite and gneisses with well-rounded shape. Some sedimentary cobbles (dark)
showing rather angular shape. (b) Biotite porphyroblasts bearing preferred orientation parallel to foliation of phyllite.
(¢) Recumbent fold in alternating formation of metaconglomerate and phyllite. (d) Lenses of metamorphosed black
shale arranged along with recumbent fold plane indicating necking into boudins. (e) Tight to isoclinal fold in the
Nampo Group metasediments. (f) Cross-bedding in metasandstones.
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Fig. 3. Photomicrographs of metamorphic textures from metasedimentary rocks of the Nampo group. (a) Phyllites show-
ing strong foliation according to preferred orientation of biotite, muscovites and elongated quartz grains. (b) Phyllite
from Daecheon area with lots of porphyroblasts of biotites and garnets showing strongly foliated texture. (c) Phyllite
from Mariangri area showing glomeroporphyritic texture of biotites. (d) Metasandstone including rather small grains

of mica.
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Fig. 5. X-ray composition maps of Mn, Ca, Fe and Mg of the garnet porphyroblast (JB-10 (2)).
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Table 1. Compositions of garnets from metasediments of Nampo Group.
Specimen JB-10a JB-10b
rim ¢ center > rim rim < center > rim
Point No. 1-16 1-17 1-18 1-19 1-20 1-21 2-2 2-1 2-3 2-4 2-5 2-6 2-7
Si0, 36.88 36.78 36.51 3670 37.00 3671 3645 3674 3650 40.55 36.64 37.12 36.61
TiO, 0.03 0.06 0.09 0.08 0.06 0.07 0.09 0.04 0.22 0.03 0.10 0.05 0.06
ALO, 20.75 20.59 2026 2069 2072 2078 20.77 20.69 20.71 1924 20.73 20.65 21.07
FeO* 3499 3341 3097 3166 3280 3492 3472 3239 3272 3064 33.04 3417 3528
MnO 0.72 2.36 4,63 424 2.47 0.98 0.62 2.36 2.84 2.89 2.12 1.49 0.42
MgO 1.26 1.02 0.81 0.75 0.96 1.14 1.31 1.04 0.97 0.85 1.11 1.11 1.39
Ca0O 5.41 5.65 6.42 6.16 6.13 5.42 5.39 5.99 5.69 5.68 5.74 5.56 5.25
Cr,0, 0.01 0.00 0.00 0.02 0.02 0.03 0.03 0.00 0.03 0.05 0.00 0.02 0.04
Total  100.05 99.87 99.69 10031 100.17 100.06 9938 9924 99.69 9994 9947 100.18 100.12
Numbers of cations on the basis of 24 oxygens
Si 5979 5982 5965 5954 5989 5958 5948 5991 5947 6460 5969 6.008 5.931
Ti 0.003 0.007 0.011 0.009 0.007 0.009 0.011 0.005 0.028 0.003 0012 0.006 0.008
Al 3964 3947 3901 3957 3953 3975 3995 3976 3976 3613 3982 3938 4.022
Fe 4744 4544 4232 4296 4440 4741 4738 4417 4459 4083 4502 4.625 4780
Mn 0.099 0326 0.640 0583 0339 0.135 0.085 0326 0392 038 0292 0204 0.058
Mg 0304 0247 0.198 0182 0231 0276 0318 0253 0237 0203 0269 0269 0.336
Ca 0940 0984 1.124 1071 1.063 0943 0942 1.047 0993 0969 1.001 0.964 0.910
Cr 0.001 0.000 0000 0003 0.003 0.004 0.004 0000 0004 0.006 0.000 0.002 0.005
Total  16.034 16.037 16.071 16.055 16.025 16.041 16.041 16.015 16.036 15.726 16.027 16.016 16.050
Xalm 0779 0745 0.683 0.701 0.731 0.778 0.779 0.731 0.733 0.723 0742 0.763 0.786
Xprp 0.050 0.040 0.032 0.030 0.038 0.045 0.052 0.042 0.039 0.036 0.044 0.044 0.055
Xgrs 0.154 0.161 0.181 0.175 0.175 0.155 0.155 0173 0.163 0.172 0.165 0.159 0.150
Xsps 0.016 0.053 0.103 0.095 0.056 0.022 0.014 0.054 0.064 0.069 0.048 0.034 0.010
Xfe 0940 0948 0955 0959 0951 0945 0937 0946 0950 0953 0944 0945 0934
*total Fe as FeO |

*Xalm=Fe/(Fe+Mg+Ca-+Mn),

XFe=Fe/(Fet+tMg)
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Fig. 6. Zoning profiles of garnet porphyroblasts. (a) JB-10 (1), (b) JB-10 (2).
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Table 2. Compositions of biotites, muscovites and plagioclases from metasediments of Nampo Group.

11

Mineral Biotite Muscovite Plagioclase
Sample
No. IB-10a JB-10b JB-10-=7 JB-13-0 JB-13 JB-10a JB-i0b JB-10- JB-13-2 JB-13 JB-10- JB-10-Z JB-10-
Point
No. 1-29 2-10 3-35 b-53 a-47 1-28 2-11 3-37 b-61 a-44 38 39 40

Si0O, 3429 3432 3466 33.68 34.07 4841 478 4822 4628 4631 61.04 58.58 58.9
TiO, 1.77 1.9 2.13 2.85 2.54 0.46 0.6 0.77 0.98 0.67 0.02 0 0.04
AL O, 1891 1868 1832 17.14 172 3732 3769 3671 3585 3456 2454 2588 25.79
FeO 2449 2375 23.04 26.17 2442 1.67 1.49 1.69 2.17 1.79 0.07 0.15 0.08
MnO 0.02 0.08 0.19 0.11 0.1 0 0.04 0.01 0 0
MgO 6.39 6.34 7.14 4.9 55 0.74 0.58 0.79 0.6 0.71 0.01 0.02 0.01
CaO 0 0.08 0 0.09 0.01 0 0 0 0.01 0 55 7.55 7.14
Na,O 0.15 0.18 0.21 0.11 0.06 0.61 0.65 0.45 0.37 0.4 8.5 7.56 7.69
K,O 8.53 8.38 8.76 8.34 8.53 9.76 9.56 9.8 10.24 9.62 0.11 0.1 0.09

0455 9371 9445 9339 9243 9897 9841 9844 96.5 9406 9979 9984 99.75
Total 984 9753 9832 97.13 96.18 103.7 103.11 103.14 101.07 98.52

220 360

Si 5401 5444 5451 5436 5.513 6.19 6.122 6.194 6.096 622 2716 2.625 2.637
AllV 2.599 2556 2549 2564 2487 1.81 1.878 1806 1904 1.78 1287 1.367 1.36
AlVI 0912 0936 0846 0.696 0.793 3.814 381 3.752 3.661 3.69 4.003 3992 3,997
T 021 0226 0251 0345 0309 0.044 0.058 0074 0097 0.067 0.001 0 0.001
Fe 3226 3.151 3.031 3533 3305 0.178 0159 018 0239 0201 0003 0006 0.003
Mn 0.002 0.011 0.026 0016 0.014 0 0.004 0.001 0 0
Mg 1.501 1.5 1673 1179 1.326 0.14 0.111  0.151 0.119 0.143 0.001 0.001 0.001
Ca 0 0.013 0 0.015 0.002 0 0 0 0.002 0 0262 0362 0.343
Na 0.046 0.054 0.064 0.034 0.018 0.15 0.161 0.112 0.095 0.105 0.733 0.657 0.667
K 1.714  1.695 1.757 1.717 1.761 1592 1562 1606 1721 1.648 0.006 0.006 0.005
F 0.193  0.257 0.277 0.14 0.2 0.188 0.057 0.135 0 0
Total 15.804 15.843 15925 15.675 15.728 14.106 13.922 14.013 13934 13854 1.002 1.026 1.016
Xmg 0318 0323 035 0250 0286 0440 0411 0453 0332 0416
X(Ti) 0.036 0.039 0.043 0.060 0.054 0011 0.014 0.018 0.024 0.016
XAI(VD) 0.156 0.161 0.145 0121 0.138 0913 0920 0902 0.889 0.900
XAn* 0.262 0353 0338
XADb* 0.732 0.641 0.657
XOr* 0.006 0.006 0.005
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Fig. 7. Results of geothermobarometric calculations for
the assemblage of garnet-muscovite-biotite-plagioclase-
quartz from metasedimentary rocks of the Nampo
Group using GeoThermoBarometry program (Spear and
Kohn, 1999). Grt-Bt thermometer calibrations: 1= Ferry
and Spear (1978), 2=Hodges and Spear (1982), 3=
Ganguly and Saxena (1984; symmetric Garnet solution
model), 4 = Ganguly and Saxena (1984; asymmetric Gar-
net solution model), S = Perchuk and Lavrent'eva (1983),
6 = Indares and Martignole (1985), 7= Ferry and Spear
with Berman (1990) garnet solution model, 8= Patino
Douce et al. (1993), 9=Holdaway et al. (1997), 10=
Gessmann et al. (1997), 11 = Kleemann and Reinhardt
(1994). Grt-Pl-Mus-Bt barometer calibrations: a = Ghent
and Stout (1981; Fe end member), b= Ghent and Stout
(1981; Mg end member), c¢=Hodges and Crowley
(1985), d =Powell and Holland (1988) with Hodges and
Spear (1982) garnet activity model, e = Powell and Hol-
land (1988) with Ganguly and Saxena (1984) garnet
activity model, f=Hoisch (1990; Fe end member),
¢ = Hoisch (1990; Mg end member).
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Table 3. Pressure-Temperature conditions of peak meta-
morphism of metasediments from Nampo Group.

GeoThermoBarometry GB-GBPQ. .
Sample No. thermobarometer
™C* PKb® T™C PK
JB-10al 574 7.8 564 8.1
JB-10a2 570 6.8 562 7
JB-10b1 595 8.2 578 8.2
JB-10b2 590 7.1 575 7.1

a: Average temperatures of 11 geothermometric calculations
from Spear, F.S. & Kohn, M (1999)’s GeoThermoBarometry pro-
gram v. 2.1.

b: Average pressures of 7 geobarometric calculations from
Spear, F.S. & Kohn, M (1999)’s GeoThermoBarometry program
v. 2.1,

¢: GB-GBPQ thermobarometer by Wu et al. (2004).

| I
P-T eastimate from
GHE-GRBPQ thermobarometry

—

P~T eastimate from
GTB program

400 500 600 700 800

Fig. 8. P-T diagram illustrating simplified KFMASH
petrogenic grid with XMnGrt isopleths (modified after
Figure 10-9 in Spear, 1993) and P-T estimates for meta-
morphism of the Nampo Group metasedimentary rocks.
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Table 4. K-Ar ages of biotites from metasediments of Nampc Group.

Sample weight 40 radiogenic  delta 40 radiogenic ¥Ar1071°

0

Sample No. K (wt%) (g) 10 %ccSTP/g 107%ccSTP/g ccSTP/g T(Ma)
JB10 5.941 0.00459 2979.37 2.45 56.51 124.77+£2.41
JB-13a 6.236 0.00461 3606.96 29.63 46.92 143.17+2.98
JB-13b 7.075 0.00431 3484.42 2.84 107.17 122.61+2.37
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Fig. 9. P-T-t paths for metasedimentary rocks of the
Nampo group. Dashed and solid arrows represent hypo-
thetical prograde and proposed retrograde P-T paths.
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