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Magamtism and Metamorphism of the Proterozoic in the Northeastern Part of
Korea: Tectonomagmatic Characteristics of the Imgye Hornblendites

Ho Wan Chang* and Dong Hwa Lee*

ABSTRACT: The Imgye hornblendites occur as intrusive sills or dykes within the mylonite zone developed along
the contact boundary between Precambrian Jungbongsan granite and Cambrian Jangsan quartzite or Myobong
slate formations. The hornlendites belong to the subalkaline and tholeiitic series. In tectonomagmatic discrimination
diagrams such as TiO,-K;0-P,0s, 2Nb-Zr/4Y and TiO,-10MnO-10P,0s, the hornblendites are classified into conti-
nental- and island-arc tholeiites. The hornblendites show fractionated REE patterns with (La/Yb)cn ranging from
3.734.56. In incompatible element abundance variations, the hornblendites show distinctive positive and negative
anomalies for Rb and Nb, respectively, and unfractionated patterns of immobile incompatible elements such as
Y and Yb. The REE patterns of the hornblendites are also similar to those of typical continental back-arc tholeiites
and those of the Precambrian Okbang amphibolites in the Socheon-meon, Bonghwa-gun. According to geochemical
characteristics above-mentioned, the hornblendites seem to have been formed from tholeiitic magmas of depleted
upper mantle source, contaminated by crustal material en route to continental back-arc basin.
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Fig.1. Geologic map of the Imagy area.
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Table 1. Major and trace element data for the Imgye hornbiendites.

Sample

W% Im6 Im2-1 Im434 Im39 Im2 Im60 GY12 Im55 Average
SiO, 5240 51.50 55.80 62.30 51.50 52.30 46.20 4790 5249
AL, 1448 14.27 12.80 14.24 14.01 14.23 1643 15.38 14.48
Fe,0; 341 4.05 3.21 372 3.84 3.61 3.05 4.05 3.62
FeO 732 9.06 9.26 847 8.18 8.22 7.68 8.83 8.38
MgO 6.09 441 6.11 5.51 5.38 7.00 595 6.51 5.87
Ca0O 8.01 7.28 7.89 790 793 8.01 10.75 7.82 8.20
Na,O 296 2.89 0.95 2.54 2.89 265 2.19 282 249
K;O 1.26 1.07 0.83 1.21 145 1.10 1.16 1.55 1.20
TiO, 1.30 1.34 0.88 1.20 114 1.04 1.38 1.21 1.19
P,0;s 0.19 0.19 0.08 0.17 0.16 0.15 0.19 0.16 0.16
MnO 0.15 0.15 0.18 0.16 0.17 0.19 042 0.21 0.21
Total 98.39 97.25 99.02 98.36 97.56 98.61 96.25 97.43 97.86
ppm

Rb 104 86 64 69 126 54 73 125 88.0
Ba 276 244 58 295 168 231 193 342 2384
Co 36 37 32 37 37 43 4 42 373
Cr 173 245 408 177 173 185 190 144 2119
Cu 66 97 5 93 85 95 3 433 109.6
Li 34 40 20 42 55 22 43 70 40.8
Nb 7 7 3 6 6 6 7 6 6.0
Ni 79 48 9 63 62 115 68 78 76.5
Sc 32 37 51 35 35 31 40 37 373
Sr 226 243 71 219 182 210 212 231 199.3
\' 254 278 342 267 262 229 302 275 276.1
Y 34 37 24 32 30 27 48 31 329
Zn 86 113 277 98 98 95 137 117 127.6
Zr 122 127 137 110 106 101 140 109 119.0
Ti/Zr 63.86 63.23 3849 65.37 6445 61.71 59.07 66.52 59.74
Y 3.59 343 571 34 353 3.74 2.92 352 3.62
K/Rb 100.58 103.29 107.66 145.58 95.53 169.11 131.92 102.94 114.04
K/Ba 37.90 36.40 118.80 34.05 4.92 39.53 49.90 37.62 41.92
St/Ba 0.82 1.00 1.22 0.74 0.68 091 1.10 0.68 0.84
Rb/Sr 046 0.35 0.90 0.32 0.69 0.26 0.34 0.54 0.44

HaA w5 olm Ay 124 TiO7} 27}t
w2t ALOsSt PO 37Hsle Si0 9 MgOe 7Hashe
A% BofF3 19 Ca0, NayO % K,0% Feist Aas
237 %t} (Table 1). 317} Aol B2 Si0,9)
Aae 2Aviavle) EAS Yehd dog x5 gzn
ol wE Si0,9) £2E Eape Faubv)z 24z A
ol e 2E3} ez} ol e oujdicin @ 4 ok
ET ALO:9 F7he AR S Az slalel: How
A},

Na,0+ K09 Fuv}e] @eke 5wt% nighos njor
7H] Aol £8th Si0,9] ek 4620 wt.%el 4 62.30
wt.%e] Helel A wahe olo oja FeO*/MgO
(FeO* : all iron as FeO)H]& 15041 30 wujuto = Miya-

shiro (1975)9] F-Froll 9fshd 2 delo] £ 4 okale) 23}
Irvine and Baragar (1971)7} #j<}& AFM 22 (Fig.2)
AME xdelo|ee] £35S w2y 9, QA 7+
el MgO e A 44 wt%ol A H1 70 wt.%2 A
ML wke dHolwl ALO, ke HA 12.80 wt.o] A
L 1643wt R FAF Ho g regjo]Ey P
S 2deel B 2 A veelo) Eol L3} e
T3t 249 2¥2ko] E (normal tholeiite)z} 7 & T gl
x#etelEd qre. g9k x@alo]E (oceanic thole-
iite)2} H& A#2}o]E (continental tholeiite)2 v}
ojAick AdutH o2 sjof xalelolEE sokx]ztuto) g
Al YA T el dgx 2w oo 9
Ex W54 dg we} B9) e 22 YAy
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Table 2. Rare earth element abundances for the Imgye
hornblendites.

(ppm) sample Gyl2 Im60 Average
La 19.85 16.70 18.28
Ce 55.24 36.42 45.83
Pr 7.95 4.28 6.12
Nd 36.70 19.10 2790
Sm 8.28 3.95 6.12
Eu 205 1.19 1.62
Gd 9.38 444 6.91
Dy 8.16 470 643
Ho 1.50 0.89 1.20
Er 4.05 278 342
Yb 3.56 245 3.01
Lu 0.56 0.38 0.47
ZREE 157.28 97.28 127.28
ZLREE 130.07 81.64 105.86
ZHREE 27.21 15.64 2143
N

La 60.33 50.76 55.55
Ce 63.86 4210 5298
Pr 61.15 3292 44.29
Nd 5825 30.32 44.29
Sm 40.79 19.46 30.12
Eu 26.62 1545 21.04
Gd 3399 16.09 25.04
Dy 23.79 13.70 18.75
Ho 19.48 11.56 15.52
Er 18.00 12.36 15.18
Yb 16.18 11.14 13.66
Lu 16.52 11.21 13.86
(La/Sm)cn 1.48 2,61 2.4
(La/Yb)en 373 4.56 4.14
Eu/Eu* 0.71 0.87 0.79

J1REE; La to Eu and ZHREE; Gd to Lu
CN; Chondrite-normalized values using chondrite abun-
dance data from Sun (1980).

Moz 1 stzAle AAAdA57t 29 (N-type)s
A7 53 (E-type)d HE 7|99 Sz ol e
(MORB)¢} ). & dis xdgloles FHE Ui
A7) g3tz AlA E4o] Frid e 7|9 x#elo)
Eg &3] dEA2e 27] d0A1Y (initial rifting re-
gime)olu} thEA Zhte] SRR s okz] o] AlqlabH A
W52 7t Al fe] ddx 3] (fore-arc basin) & ¥
A% B2 w2 w3 B3 (back-arc basin)e] wWdkals
Ey EREE R EERE B

B 9 g xdeolEg T¥a: TiOKO0P0;
A2 (Pearce et al, 1975)el A 749 4 THASE
Z—]A]—g}_tﬁ o]z“ 7H 0)o. \:}] &aﬂa}o]

tholeiitic

M

Fig.2. AFM diagram for the Imgye hornblendites. The
solid lines show typical tholeiitic and calc-alkaline differ-
entiation trends. A; Na,0O+K,0, F; total FeOQ, and M;
MgO (after Irvine and Baragar, 1971).
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Fig.3. TiOrK,O-P;0s diagram, discriminating between
oceanic and continental tholeiites (after Pearce et al.,
1975).

“}1“} Aele EE} &3] 87 4
4 (Mn, Nb)g“ Hlf5A KR E S
(Ty, P, Zr, V)& —?—”51 TiO,-10MnO-10P,05 A+7t%= (Mul-
len, 1983)2} 2Nb-Zr/4-Y A4S (Meschede, 1986)e]
A3 AAR A3 (Fig 4a, 4b) 7 21Ho)A 257 &
ARle 34 Ao EEss 2 elo]E (VAB, IAT)S)
533 F #Hdelq AEEE 2¥o]E (MORB, N-
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Zr/4 Y
Fig.4. Tectonomagmatic discrimination diagrams for ba-
saltic rocks. (a) TiO10MnO-10P,0;s diagram (after Mul-
len, 1983). Compositional fields are: OIT; oceanic island
tholeiites, OIA; oceanic island alkalic, MORB; midocean
ridge basalt, IAT; islang-arc basalt, and CAB; island arc
calc-alkaline basalt. (b) 2Nb-Zr/4-Y diagram (after Mes-
chede, 1986). Compositional fields are: Al within-plate
alkalic, All; within-plate tholeiite (WPT), B; enriched
MORB (E-type MORB), C; volcanic-arc basalt (VAB)
and WPT, and D; nomal MORB (N-type MORB) and
VAB.

ok & & ik

9AIZHA k9] K/Rb 34#4]7} 114 (Table 1)2 4] N-type
MORB®] 44 == {334 2eeto] 29 u] 40080}
A4 vt} (Basaltic Volcanism Study Project, 1981). =3
A7 el Rb/Sr tu]7} 044208 whsho] Netype
MORB= 0.008, E-type MORB: 0.04 % 4 FzAd
22t B 0.04~0.0124 o)A zH4 ske] Rb/Sre] w]7}
- %48 2 4 Ao Basaltic Volcanism Study Pro-
Ject, 1981). ol A4k 2724 wpant Aalo)
A e 2R} obde WMoz Yepidy & &
Atk
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Rock / chondrite

[ back-ara tholeiite field

.
island-arc tholeiite field

b B I 1 1 i 1 L L i I i I
La Ce Pr Nd Sm Eu Ga Dy Ho Er Yb Lu

Fig.5. Chondrite-normalized REE patterns for the Imgye
hornblendites, compared to fields for Okbang amphibol-
ites (Chang et al,, 1993), island-arc tholeiites (IAT) from
the South Sandwich island arc (after Hawkesworth et al,
1977) and for back-arc tholeiites (BAT) from the associa-
ted marginal basin, the East Scotia Sea (after Saunders
and Tarney, 1979). Data for N-type MORB are from Sun
(1980).
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Fig. 6. Incompatible element abundance patterns, normal-
ized to chondrite and primordial mantle values for K,
Rb, and P (after Thompson et al., 1984), in the Imgye
hornblendites, compared to those in tholeiitic basalts of
modern tectonic settings. Data for N-type MORB from
Sun (1980), IAT and CBAT from Holm (1985), and Ok-
bang amphibolites from Chang et al. (1993).
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(Chang et al, 1993)x EZ88 ¥ 3 =Alsbqich
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