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Abstract The Dengfeng Group in Songshan area is a part of the ancient crystalline basement in the southern part of the North China
Craton. The Group mainly consists of metamorphosed volcanogenic and sedimentogenic supracrustal rocks, in which the amphibolite is
a very common type. The amphibolite includes two types which occur as rock body in Dengfeng Group and as enclaves in TTG gneiss,
respectively. Both types have similar major components, they are all rich in Fe,0;, Al,0; and CaO but poor in TiO, ( ranging from
0.50% to 1.11% ), and have SiO,content ranging from 45% to 63% . These features indicate that they are orthometamorphite and are
similar to sub-alkaline basalts and andesite. Nevertheless, the trace and rare earth element characteristics of amphibolites body in
Dengfeng Group and amphibolites enclaves in TTG gneiss are different, the former has relatively flat REE pattern ( (La/Yb) y is from
0.99 t0 2.07) with no Eu anomalies (S§Eu is about 1) on the chondrite-normalized REE patterns, and exhibit negative Ti but positive
Ba and Sr anomalies with slightly negative Nb, Ta and Y anomalies on the primitive-mantle normalized spidergrams, similar to MORB
and island arc tholeiite. The whole rock Nd isotopic compositions ( gy, (¢) is 4.43) of the amphibolite body indicate that they may
originate from a depleted mantle. In contrast, the enclaves in TTG gneiss have relatively higher HREE/HREE ratios with negative Eu
anomalies (8Eu =0.46 to 0.87). It has higher Rb, Cs and Ba contents but lower Ti content than the amphibolites body, and exhibits
negative Nb, Ta and Y anomalies, similar to island arc basalts. The whole rock Nd isotopic compositions ( &y, () are 2.56 and 4.08)
indicate that the enclaves may originate from a depleted mantle with the assimilation of older crust. We propose that the amphibolite
body in Dengfeng Group may have formed by partial melting of mantle wedge in a subduction zone and erupted through the back-arc
basin, whereas the enclaves in TTG geniss may have formed by partial melting of mantle wedge with assimilation of melts formed by
slight partial melting of subducted oceanic slab. The geochemical characteristics of the both types of amphibolites indicate that the
geodynamic background of Dengfeng Group is oceanic slab subducting in a convergent plate margin, reflecting that the continent crust
in the Neo-Archean could grow in a parallel way.
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Fig.1 The geological map of Dengfeng Group in Songshan Area

1-Phanerozoic stratum, 2-Archean TTG genisses, 3-moyite, 4-Proterozoic stratum, 5-Guojiayao Formation, DengfengGroup ( Arg) , 6-Laoyanggou

Formation, DengfengGroup ( Arl), 7-Jinjiamen Formation, Dengfeng Group ( Arj), 8-Qingyanggou meta-gabbrodiorite, 9-Lijiagou basic dike

swarm(}) , 10-Jinyao pegmatite(p3 ), 11-samples position, 12-fault
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R EBHENKARNER TTC #EFHNKBENEEFER (W% ) HEBLEMBLITE( x107°) HHER
Table I Major (wt% ) , trace and rare earth element( x 10 ~®) composition of Dengfeng Group amphibolite and amphibolite enclaves

in TTG gneiss

TTG F ks AR AN Lk HERERH AN
Df2  Df4 D6 D7 Df29 Di46 Df-17  DE-18  DEI9  Df20  DE22 D23 Df25  DE31L D51

FbhS

Si0, 46.73 53.13  54.29 56.54 47.38 49.10 47.69 48.18 48.04 48.64 49.70 48.92 47.79 50.11 48.56
TiO, 0.50 0.57 0.60 0.55 1.42 0.99 1.11 1.11 1.01 0.8 0.92 0.81 1.11 1.04  1.31
ALO;  15.93 13.33 14.30 13.27 15.35 13.62 15.62 15.23 15.65 15.59 14.30 15.61 15.01 14.17 14.85
Fe,0;  10.83 10.17 10.56 9.74 13.65 14.72 12.42 13.18 11.27 11.63 12.68 10.66 12.17 14.24 13.52
MnO 0.17 0.19 0.17 0.16 0.17 0.20 0.21 0.20 0.17 0.17 0.20 0.17 0.17 0.25 0.18
MgO 8.72 88 7.67 7.20 7.88 7.12 7.19 7.98 8.03 876 7.80 7.38 8.68 6.60 7.30
CaO 4.11 8.35 6.90 8.20 9.42 10.58 10.78 9.98 9.94 10.12 11.62 11.64 8.60 10.69 10.32
Na, O 4.51  2.64 248 2.17 2.89 2.22 3.74 2.54 3.61 2,35 2.10 2.79 3.5 229 2.08
K,0 2.70 1.47 1.45 1.06  0.68 0.80 0.55 0.93 1.05 1.01 0.30 0.55 0.98 0.24 0.62
P, 0y 0.06 0.07 0.07 0.08 0.14 0.08 0.08 0.07 0.07 0.05 0.06 0.04 0.07 0.07 0.12
LOI 3.70 1.8l 1.88 1.45 1.55 1.15 1.07 1.08 1.18 .21 0.76 1.10 1.53 0.56 0.86
total 97.96 100.58 100.37 100.42 100.53 100.59 100.46 100.48 100.02 100.42 100.45 99.68 99.71 100.25 99.71
) 13.95 1.67 1.37 0.77 2.91 1.50 3.93 2.32 4.31] 2.00 0.8 1.88 4.36  0.90 1.31
Na, O +
K,0 7.21 4.11 3.93  3.23  3.57 3.02 4.29 3.47 4.66 3.36 2.40 3.34 457 2.53 2.70

mg” 44.96 46.90 42.43 42.85 36.90 32.89 37.00 38.05 41.95 43.30 38.40 41.20 41.96 31.99 35.40

Sc 30.9 34.3 34.8 32.2 34.2 47.4 41.2 41.0 36.0 40.3  40.37 49.1 40.1 47.9 39.4

Ti 3088 3422 3588 3530 7745 5649 6543 6198 5754 5398 5604 4881 6691 5999 7053
v 125 189 194 175 306 281 308 296 278 266 275 264 308 322 290
Cr 242 374 242 238 95.1 167 198 188 179 265 208 38.1 226 82.9 153
Co 40.2 42.0  40.8 29.7 53.9 46.4 39.7 43.2  44.9 45.0  46.9 38.2 45.5 51.2 50.8
Ni 85.2 120 94.1 75.7 133 69.9 116 112 144 135 105 50.9 111 80.5 116

Mn 1336 1449 1311 1307 122 1492 1625 1434 1261 1323 1535 1375 1402 1897 1279
Cu 2.18 2.57 12.0 2.20 68.0 35.5 110 66. 1 52.3 87.4 94.5 68.9 115 71.9 152

Zn 140 88.2 126 90.4 101 125 88.1 83.0 111 57.1 100 57.9 101 98.1 68.4
Ga 16.6 14.8 13.8 12.4 17.8 17.6 17.7 17.4 17.2 16.9 15.9 17.1 18.6 17.1 16.8
Ge 1.63 2.21 2.08 1.79 1.65 2.06 1.62 1.81 1.74 1.78 1.92 1.96 1.80 2.03 1.66

Cs 4.25 2.15 2.12 2.50 0.28 0.20 0.64 0.8 0.53 0.78 0.12  0.29 0.60 0.04 0.66
Rb 94.8 67.5 66. 1 41.9 28.6 11.3 18.4 33.2 39.4 455 8.25 17.5 38.1 6.00 26.5

Sr 107 158 172 159 411 172 137 145 163 162 131 156 158 180 202
Ba 539 299 367 186 171 154 75.7 229 262 166 59.5 81.9 165 48.7 147
Th 1.33 2.07 2.69 2.39 0.43 0.43 0.31 0.26 0.25 0.20 0.22 0.16 0.30 0.23 0.42
U 0.23 0.44 0.53 0.57 0.08 0.13 0.08 0.07 0.06 0.05 0.06  0.04 0.08 0.06 0.09

Nb 2.21 3.20 2.84 2.79 2.98 2.52 2.78 2.54 2.44 1.94 2.18 1.66 2.86 2.40 2.67
Ta 0.13 0.22 0.24  0.22 0.10 0.19 0.20 0.18 0.18 0.13 0.16 0.11 0.21 0.17 0.19
Zr 39.8 62.6 72.8 68.3 60.2 50.6 68.3 60.9 60.4  47.3 52.1 42.4 67.1 57.9 59.3
Hf 1.19 1.93 2.13 1.92 1.73 1.58 2.09 1.87 1.78 1.44 1.56 1.28 1.98 1.78 1.77
Pb 4.18 5.58 47.9 5.34 10.7 2.48 4.23 2.43 9.82 0.61 1.37 1.14 2.71 2.25 2.41
Nb/Ta 16.5 14.7 11.77 12.5 16.0 13.1 13.9 13.9 13.9 14.6 13.9 14.9 13.8 13.9 13.9

Nd 7.81 1.0 7.65 13.6 10.9 8.53 9.23
Sm 1.87 2.32 1.97 2.83 2.72 2.59 2.79

17 7.83 6.24 6.96 5.53 8.56 7.42 10.3
.57 2.43 1.94 2.11 1.82 2.65 2.38 2.72

Th/U 5.76 4.69 5.12 4.21 4.47 3.37 3.84 3.95 4.34  4.26 3.88 3.79 3.65 3.78 4.83
Nb/Th 1.67 1.55 1.06 1.17 6.87 5.89 9.11 9.73 9.67 9.69 10.0 10.2 9.45 10.6 6.42
La 8.77 9.78 5.66 12.6  7.18 4.36 3.93 3.34 3.08 2.77 2.92 2.11 3.61 2.85 6.15
Ce 16.7 21.8 12.4 28.2 17.2 11.3 11.4  9.63 9.17 8.04 8.13 6.38 10.3 8.75 15.5
Pr 2.01 2.67 1.80 3.43 2.45 1.71 1.74 1.61 1.51 1.27 1.38 1.03 1.68 1.42 2.20
8.
2
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Continoued Table 1
- TTG Fr ik P ARH A A a1k BERERH A A
Df-2 Df4 Df-6 Df-7 Df-29  Df46  Df-17 Df-18 Df-19  Df20 Df-22  Df-23 Df-25 Df-31 Df-51
Eu 0.72 0.76 0.62 0.64 1.04 0.93 1.01 0.96 0.93 0.77 0.81 0.71 0.88 0.82 1.05
Gd 2.36 2.50 2.30 2.85 3.18 3.37 3.67 3.35 3.12 2.56 2.79 2.46 3.41 3.16 3.26
Th 0.46 0.43 0.43 0.48 0.58 0. 66 0.69 0.65 0. 60 0.51 0.53 0.48 0.67 0.62 0.63
Dy 3.18 2.69 2.69 2.96 3.55 4.30 4.59 4.10 3.96 3.22 3.56 3.14 4.39 4.18 3.88
Ho 0.71 0.55 0.55 0. 60 0.77 0.92 0.98 0.86 0.82 0.71 0.74 0. 66 0.89 0.87 0.81
Er 2.05 1.61 1.55 1.74 2.02 2.59 2.69 2.50 2.31 1.94 2.10 1.87 2.62 2.59 2.23
Tm 0.32 0.23 0.24 0.26 0.32 0.38 0.39 0.37 0.34 0.29 0.32 0.28 0.38 0.37 0.34
Yb 2.14 1.51 1.52 1.77 1.99 2.56 2.58 2.39 2.23 1.87 2.01 1.83 2.49 2.48 2.13
Lu 0.36 0.24 0.25 0.28 0.32 0.42 0.40 0.38 0.35 0.29 0.32 0.28 0.40 0.38 0.34
Y 19.5 16.1 15.6 17.6 21.9 26.1 25.8 23.3 22.4 19.9 20.7 18.8 25.4 25.0 23.5
YREE 56.3 67.9 92.6 82.1 67.2 49.2 53.0 45.6 50.7 34.8 38.0 31.3 48.1 42.7 56.3
SEu 0.85 0.67 0.73 0.46 0.87 0.46 0.99 1.01 1.02 1.01 0.93 1.03 0.95 0.97 1.01
Th/La 0.15 0.21 0.48 0.19 0.06 0.10 0.08 0.08 0.08 0.07 0.07 0.08 0.08 0.08 0.07
(La/Yb)y 10.2 5.67 4.37 5.01 32.8 26.6 1.09 1.00 0.99 1.06 1.04 0.83 1.04 0.82 2.07
(Gd/Yb)y 0.91 1.37 1.25 1.33 1.32 1.09 1.18 1.16 1.13 1.14 1.12 1.14 1.05 1.27 0.04
(La/Sm)y 3.03 2.72 1.86 2.87 1.71 1.09 0.91 0.84 0.82 0.92 0.89 0.75 0.88 0.77 1.46
Ti/Zx 77.6 54.7 49.3 51.7 129 112 95.8 102 95.3 114 108 115 99.7 104 119

W Mg® =M@* /(Mg?* +Fe?* ) x100, 6 =[w(K,0 +Na,0)?]/[ w(Si0,) —43], 8Eu =2Fuy/(Smy + Gdy)

1000 1000z

e
[ B O

100 ¢

BB A

1 i 1
La Ce Pr Nd Sm Eu Gd Tb Dy Hoe Er Tm Y¥Yb Lu

+— Df-2 -
m- -4 .
A Df-6 *

Df-7
Df-29

DE-46 b

La Ce Pr Nd SmEu Gd Tb Dy Ho Er Tm Yb Lu

K2 RHC AN A B B (a) F TTG RS RHS A TN A EL R B REE B2 85X (b) (4 Sun and

McDonough, 1989)

Fig.2 REE distribution patterns of amphibolite in Dengfeng Group (a) and amphibolite enclaves in TTG gneiss (b)

(from Sun and McDonough, 1989)

(¥ 48.63% ) 1 K, 0 & (FF¥ 1. 36% ) ¢ TTG JjkA
PIRHE AN B AR Si0, (-3 51.19% ) 1 K, O & & (71
0.69% ) fiffk, —H MW HEFEILEGFTHENAKR, WK E
Fe,0, (F#712.10% ) AL O, (37 14.79% ) \MgO (6. 60% ~
8.72% ) fik TiO, (0. 81% ~ 1.42%),Mg" = Mg**/(Mg** +
Fe’*) x 100 = 32.0 ~46.90, (K,O + Na,0) =2.40% ~
4.11% 58 8([w(K,0 +Na,0)* /[ w(Si0, -43) ] =0.77 ~
2.91, B WA 2 A RHE (8 <3.3) o DEEE S K,0 A
Na, O S5, I REAZ R 3 32 J S TV FH Y s

4.2 HETEHE

BEHBAKANARER LR AT/TF ((La/Yb) =
0.82~2.07) (K 2a),JG Eu 7% (8Eu = 2Euy/(Smy + Gdy )
=~1) o TTG FfA AR A I A AR 1 B 55 (49. 4 x
107°~92.6 x 107°) , & H Fid 70 A X 8 s 59 10 e R+ 4
((La/Yb)y =1.71 ~7.14) , - FH ((Gd/Yb), =0.91
~1.37) (E 2b) ,Eu £t 7% B & (8Eu = 2Euy/(Smy + Gdy)
=0.46 ~0.87) .
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RbBaTh U NbTalaCe PrSrNdZr HF SmEuTi Gd ThDy Y HoEr TmYb Lu

K3 BEERERHCA N () FIRHC A N A G AR ST R Wk M5 (b) (4 Sun and McDonough, 1989)
Fig.3 The spider diagrams of amphibolite in Dengfeng Group (a) and amphibolite enclaves in TTG gneiss (b) (from Sun and

McDonough, 1989)

R2 EHHEMNKANER TIC AREPHRKANEEME NdBIRSTER

Table 2 Nd isotopic compositions of Dengfeng Group amphibolite and amphibolite enclaves in TTG gneiss

S B Nd/ 1 Nd Sm( x107°) Nd( x107¢) ¥ Sm/ " Nd© ena (1) Lopy (Ma) Ssmnd
Di4 0.511609 2.316 11.03 0. 126992 2.56 2722 -0.35
Df46 0.512648 2.591 8.526 0. 1837951 4.43 2599 -0.03
Df-18 0.512771 2.567 8.172 0. 1899806 4.08 2570 -0.06

A =6.54 x 10 ' (Lugmair and Marti, 1978), t =2550Ma, [ ' Sm/'*Nd] yur =0. 1967 (Peucat et al. , 1988), ['"*Nd/" Nd] qyup =0.
512638 (Goldstein et al. , 1984 ), B[ “*Nd/" Nd],y =0.513151, [ Sm/"™ Nd]py =0.2136 (Miller et al. , 1985)

BEBRHS AN TTG Fr RS i RHS A I A AL
i G R Wk UL 3a b, % %X Rb(Ri# 6 x107° ~
45.5x107° 5% 11.3x10°° ~94.8 x10™°) ,Sr( Fii % 131 x
107° ~202 x 107, J53 107 x107° ~411 x 10°°) , H& L1
Rb/Sr L{H (F# 0.03 ~0.28, J53# 0.07 ~0.89 ), Hrfiz
PR AINA W RE T HRATEWRART TTC F ke
FRHE f N A AR, 7R e £ s TiTh 71 535 ,Nb Ta Y
T w ak i S AN R, Zr/Nb =22.3 ~25.6, Ti/Zr (95.3 ~
119,33 105) F1 Zr/Y (2.25 ~2.69) EaL BB A 191% LA
(435 116 F12.46) ,Nb/Ta=13.8 ~14.9,Th/U =3. 65 ~
4.83, TTG FiRET MR AN AR RS RITER T
Ti (45 4503 x 10 ~°) A BEHAKAT , Ze Nb 1Y £ 435 6l A8
BERH A TN A FEAFH L,/ Nb Ta Ti f1Y 2 E 775,
Th/Nb =0.09 ~0. 16, Ti/Zr(49. 3 ~ 129, - 78.9) &k ki
B A (116) , Zr/Nb = 18.0 ~25.6,Zt/Y =1.94 ~3. 89,
La/Nb=1.73 ~4.52,

5 Nd M #ERFAE

ZEHRAE (1996) HEHY , T4 Nd AR AT i i 3 RN I B
P AT S A i DAL 3 2 1 A K i b 52 5 70 AR S 174 i)
HLA A K Bl #5219 Sm/Nd BB, Kl 7 e K i 5% 19
Sm/Nd “EY{E 24 0. 19( McLennan and Hemming, 1992) ,#H

MFY S/ M Nd=0. 115, fi, g = (Sm/Nd) / (Sm/Nd) gyon — 1
=0.40 X T founa = 0.3 ~ —0.4 Z ] FES, T B
KA oy A EN. EX T MAR#FE Sm/Nd H(E
AHZEBRIIRER fona < = 0.5 Fl fona > —0. 3, IR B B A
AT 1y BES 77 AR BRI I 22 , 7 R R 9 B A 2 47
BRI 1y o

AW TAE Nd W R e R LR 2, BEBFRHC AN
SERE S DE-18 SR [ % BB 3, Nd/™ Nd = 0. 512771,
“Sm/"™Nd =0. 19, f,, na = —0.03, KT 0.3, K E R FHH
BB AR IS TE 5 £y 0 B Nd/™Nd) = 0. 513151,
(""Sm/"™Nd) ,y, =0. 2136, 1 =2550Ma, 13 oy, (1) =4.43 1,y
=2570Ma,

PIERHC A TN A AL PR BE i DE4  DI46 4351 5% 5 23 35 5F
AR BB R A R R B SR S = N KRR A .
WNA/™NA43 518 0. 511609 F10. 512648 "7 Sm/ ™ Nd FUAE 4y
2R 0.18 £ 0. 13, fo, na 23514 = 0.35 1 - 0. 06, k£ i Df4
"7 S/ N HEAE R fi na % FE8038E & FH 20 BERRE S04 I
KA 1B 1oy, A F I Sm/Nd B (0. 21) KFREFHLFE )%
FLMB (29 0.19) , R AT SR SR I PR B Be S AR I T H R, A
Df-46 1" Sm/" Nd =0. 18 , fy,na = = 0. 13, KT -0.3, &4
SR A B B A AR S T STt B NA/Nd )y =
0.513151,("'Sm/"*Nd) ,y =0.2136,¢ =2550Ma, 15 £y, (1)
SRk 2,25 F1 4. 08, 1,0, 5051k 2722Ma 1 2599Ma,,
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K4 EERERHMING I TTC Rbca RN A NS ELR B Ti0,-Si0, (a) K (al +fm)-(c +alk) -Si Ffi# (b, 35

Simonen, 1953)

Sum =mol [ Al,0; +2Fe, 05 + Ca0) +mol (MgO) +mol (MnO +K,0 +Na,0) ; al =100 x mol ( Al,05)/sum; ¢ =100 X mol (CaO)/

Sum; fm =100 x mol (2Fe, 05 + FeO + MgO + MnO) /Sum; alk =100 x mol (K, O + Na,0)/Sum; Si =100 x mol (SiO,)

Fig. 4

Group and amphibolite enclaves in TTG gneiss

the diagrams of Ti0,-Si0, (a) and (al +fm)-(c +alk)-Si (b, after Simonen, 1953) of amphibolite in Dengfeng

Sum =mol [ Al,0; +2Fe, 05 + Ca0) +mol (MgO) +mol(MnO + K, 0 + Na,0) ; al =100 x mol (Al,05)/sum; ¢ =100 x mol (CaO)/

Sum; fm =100 x mol (2Fe, 05 + FeO + MgO + MnO) /Sum; alk =100 x mol (K, O + Na,0)/Sum; Si =100 x mol (SiO,)

6 e
6.1 EEE

BEPERHSAINGG K TTG R R 1 B RH A NS AL A
AT DLEAR % BEAR S5 48 AV AR 3, SR R KL R AE
SHAERICRENAK (R 1), e B K i Ti0,-Si0,
([ 4a) Fil (al +fm)-(c +alk)-Si0, ([ 4b) i, B3k A KOSEH
D3, Ui I U AL iU

BEFERHSAA N R 2 5Cs R 5 (18 Sa) , BA
PUBE 2R RFAE , IS BE 2 T A S5 A I (5] 5b) o
TTG Fr bR PR S TR A PR DR 0 s M Bk 2 i
(18 5a) ,7E Si0,-FeO " /MgO [&lfift (€] 5b) Fraf ok b T
BN R L R RHIE, A AHEEE 2 B 1) 5 0 2 e
RS T.8) o 1E Si0,-Nb/Y [Elffr (K 6a) , A =1
R TR AL LS DX AH R S (6a F ik =N A2 1L
X Nb/Y J FeO ™ /MgO HUE AL EREdh 22 5 A K,
FU Si0, S B ( >53% ) , n] RESR 52 3 e sV H o 2
Wi o 25 P AR TR E B9 AL-CCPI [Efige b (18] 6b) , B it 5
A AT E] 7 HE 55 B A D3, BRI, DA b R R T R AL
FHIE RS WA BT

6.2 HMEIREE: ICRINRAKIFE?
DA ARG B B R AT A T At

JE AW AATE — 265 B0 1) PR IR T RNIE R (1994) | H B 45
(1993) (hZE555 (1998 ) I\ a3 TTG Fr ks Fek 3%
SEAERSE TR T AR -G R TR Tl SRR 2)
Tk EE A (1982) FIZEBE LA (1987 ) IAH J8 BB RI/NGA Y
3) e LA (2005 ) TA A 5 35 B TOUHS W1 B Sk o ol 7 7 10 1) 22 9
P LT Bl A I8 DA Dy Rty v R oo oy o 0 22 /04
desahimpE O AR IR B B, IRATIA K B H BB
WS RGN IR B A IR T o
6.2.1 KL-ARE @i

BHBIS FEA Z BB a %R A, B
A A 5 AR SRR BT A B AR M DT, B B A DR A
(5575, 1989) , EHA FE M E IR, =
NP RBARCN R R, HA T 5 5 Re SR AL 5 R 1) oK i
GAAN B A B V) R (7 B RFIXIFE R, 2000) , —
JBEAE A LD L B T A R B IR AR 1 B TA A
T AR S ol A i A AE B IR 3 (Tsozaki er al. , 1990
Polat et al. , 1996 ; Kusky et al. , 1997) , FHLH), TEARESEE
A I ST AR R R BIRIIR A A A BRI A 2 R T A e
14 2 A ( Hoffman, 1991 ; Kimura et al. , 1993)
6.2.2 4K A A ERRAF T @G iEE

OB EBERHE A INE MgO(F-7.75% ) \Th(*F-150.26
x107°) Nb(F-35 2.39 x 10 ) Fl 5 4 4t 18 2 245 (1) MgO
(7.64% ) ' Th(0.29 x107%) \Nb(2.39 x 10 %) #3iF, F B L
T RETE AL N A8 (Kerrich er al. , 2008) o £ 5 #AR 1k
ARFRBER) ATI-CCPI Elfigtrh (& 6b) , 22T J5 24 R A i A2



3050 Acta Petrologica Sinica £ %53 2009, 25(11)

8 80

*
a . i b
I B RS

6  WtERY 0
E - i i
Q 4t . " w60
i z
2 PE R R
z 3 ] N 50 | o

Bk 2 s R Y -
U.m T 5Iu T (\‘n 70 ¥ 1 2 3 1 i
Si02(%) FeO % MgO

KIS BERERHK AN A A TTG A B ARHC A IR R IR Y 2 8- RE I # (TAS) (a, 4 Maitre e al. , 1989) FI

Si0,-FeO ™ /MgO [ fi# (b, 3 Miyashiro, 1974)

A BEFRH AN & TIG FRs H RHS A IN A ik
Fig.5 the total alkalis versus silica (TAS) (a, from Maitre et al. , 1989) and Si0,-FeO " /MgO (b, from Miyashiro,

1974) diagrams of amphibolite in Dengfeng Group and amphibolite enclaves in TTG gneiss

A amphibolite in DengfengGroup; 4 amphibolite enclaves in TTG gneiss
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A EIXBEFERHCA NG & TIG 1A P RIRHCAINARIR
AT=100 (K,0 +Mg0)/(K,0 + Nay0 + MgO + Ca0) ; CCPI =100( K, 0 + Mg0)/(MgO + FeO * + Na, 0 +K,0)
Fig. 6 the Si0,-Nb/Y diagram (a, from Winchester and Floyd, 1977) and the AI-CPPI diagram of amphibolite in Dengfeng

Group and amphibolite enclaves in TTG (b, from Large et al. , 2001 )

A amphibolite in Dengfeng Group; 4 amphibolite enclaves in TTG gneiss
Al =100(K,0 +Mg0)/(K,0 + Na, 0 + MgO + CaO) ; CCPI =100(FeO " + Mg0)/(MgO + FeO " +Na,0 +K,0)

A BT R v ) 5 HE Sy s8R DX, 5 AR ARG A
DN A Vi 55 OBk 28 DI, BT L, H: REE S22 176 BR Y
(Whitford et al. , 1988) , W] LA MU X 40 0451 . 53558 00
Z U Th Nb, Ta Zr % — #5235 30 9 (MacLean, 1990
Kerrich and Wyman, 1996; Barrett and MacLean, 1999),
It , REE B 4389 20730, Nb  Ta JC 5 8 81 5 5 A W] W,

Zt/Nb=22.3 ~25.6,Nb/Ta =13.8 ~14.9, 55 E-MORB 4,
ena(1) =4.43 BIHIRH M INA AR B 5 S IR .
PR T 2R A0 T0 3R IE 53 T il 52 3 5 00— S 7 1) 722 T
i TR

7E Th/Yb-Ta/ Yb( [l 7a) LKy it 3RE5EH 51 i (1 8)
HERFRRMINA Z R TR A LU 2 8 2 A
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BEFERHC NG & TTG Fr s T B RHC A NG G R Ta/ Yb-Th/Yb [&lfi# (a, §i§ Pearce, 1983, N-MORB,

E-MORB #1 OIB [X 3 #}# Sun and McDonough, 1989) il Nb/Y-Zr/Y [&fi# (b, #& Condie, 2005)
S-THAE S C-RlsTIR IS W-tRN & R aF F-oressl e as

A BEBERHAMINE; & TTG F R P RHS A A a ik

Fig.7 diagrams of Ta/Yb-Th/Yb (a, from Pearce, 1983, the fields of N-MORB, E-MORB and OIB from Sun and
McDonough, 1989) and Nb/Y-Zr/Y (b, from Condie, 2005) of amphibolite in Dengfeng Group and amphibolite

enclaves in TTG gneiss

S-subduction trend; C-continental contamination trend; W-within plate enriching trend; F-fractional crystallization trend.

A amphibolite in Dengfeng Group; 4 amphibolite enclaves in TTG geniss

Ti/100 (X 1076)
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K8 Ll DO BERHS A N 5 A TTG 7 bR I RS A N A B R 1 Ti/100-Ze-3Y 8T fi# () F1 Ti-Ze i (b)

(## Pearce and Cann, 1973)

A E X BEBAHCMAING ; € TIG FRRAE P RIRHS M IN A ik

Fig. 8
TTG gneiss (from Pearce and Cann, 1973)

the diagrams of Ti/100-Zr-3Y (a) and Ti-Zr (b) of amphibolite in Dengfeng Group and amphibolite enclaves in

A amphibolite in Dengfeng Group; 4 amphibolite enclaves in TTG gneiss

Ml ¥ X 3 (E-MORB X 3 ). H f, Nb/Y-Zr/Y [& f#
(I 7h) R % 5 Z10 52 350 43 4 il 0 43 89 445 i 722 Ak, Wyman
(2003 ) Fil Wyman and Hollings (2006 ) 5% ) it 15 51 H RS ] 21 43
JCBUE T A b S T s P R X R (MORB) -

B LR (OIB) o T4 BlakeRiver Group 45514 2 i~
11 Al Kidd-Munro-Malartic 7} 5 i 5 Je 3 B 20 05 #5014
Fhb sl R Z BUA (MORB) - 8 Z 5l (OIB) X,
HOT SR Ry 5 b e A Ve e R IR Mt i 2 o Al
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Fr R RIE 1114 3535 58 B M (Wyman and Hollings, 2006 )
FHE BB FERHC A R AR A i s Xk, Fnis
AR IMBE e )T R —F (Polat et al. , 1998)

QTTG F R I AHE A IN A AL IR LE AL-CCPT & fif
(FE 6b) FeATE A TS IR 10 AR X, 368 H REE s %58 70
FAF IR 2 R IR A S A P BT, A3 441 Rb/Sr e fE
(0.07 ~0.89) Bk, =375t N Nb Ta [ Ti B 71 54, B
A BINKERAFHE, Ta/Yb Z246 /N, 1 Th/Yb T, B b
YE R # % (E 7a, Sun and McDonough, 1989; Pearce and
Peate, 1995; Rudnick and Gao, 2004) , )z 5% ZIF vl /E FH 5%
M ( Ryerson and Watson, 1987) , ##i + & 4 ((La/Yb) =
L71~7.14) (18 2b) , E /i - 0 AP ((Gd/Yh) y =
0.91 ~1.37) ,— e A Pl s, Ao B o4 72 K T 90km
R 7 fiefa g , M 7E 20 Tkm J& B K7 %5 4 B8l ( Hirschmann
and Stolper, 1996 ) , BA 5% H i 43 7 1Y JE R R i = 70/ T
90km [IFHL R 774 T 9 A MG a6 s 1K, il AN R AE T IR 2%
PR AE BT A RO A AR A 33k SRR ORT i B ) 3 B A58 0 75 451
HE P IX
6.2.3 kB TTG X sk & WLk

— 8, TTG B’ A B A i L R W RAAAE TTG Ji
A R I S T 45 ) 1 [ I B I Y T Bl (TR
&, 2008) , i H, B HTERHCMAINE Nd [ R AR
2570Ma, TTG Jy fE B RHS A I A AR Y Nd Rl 67 R e K
B AEIE Dy 2722Ma, A AE S 1] B R A SIS HBERTE
B TTG R R T AR 15 >4 2500 ~ 2600 Ma, 14 A & df 1 A8
BT PR K LA R TTG Fr AT AR AR Y | R TE R (s
V] T R AT ol PRI, 25 9 DR Mt v 3 5 5 g A () 508 1
— A BTG A AR

Z5T, B DO KR TTG A s TR H S T &R,
AR TR JO B LUAE SR RAE 5 3200 ot 5 7K S A5 Tl £
BERRFUA Gl M AR (L BR (7. 71 ~56.9) , R W14 Hy
IR AR B A A% Nd Fgs A JE 646 R Rk 8w
FATERE T HEHE, TH & ILHIX TTG Bra A A4 I
SE B ANIRER , Na, O/K, O — 0 > 1, T 40 AR 2 58 25 38 i e
R HES R U R — S T 0 (Marting, 1987) o DA EAFAE
BEWT, B LM X TTG B R A2 i 2. 66Ga FY )AL LR
SEAEARA BE IR o 258 R 3 BT i, i fin B2 2 B e
TR RO B (R HE AR, 2009) .

I, FATIA 8 B 0T IS I AR S 5 R S5 R
XK, B2 AR VR IS IR, 46 75 AT BT )T 5 IR B U 2 3R
TEREE PR H N E e b (181 8) BB RFRIK AN G2 £ T
TR AT -8 90 i B P X, AR 4 Taylor and Martinez
(2003 ) i FERIFSE PUAN DI ot 20 5 Bk Ak 2 SRR 5 15
AR IS A RE = AR BR AT v s K R 1 Bt ( MORB-
like ) A7 8 90 A PR 5T (Are-like) B X iAo JF H, TTG
R T ARH A DA A A R Ak 22 R AE 1 B IR A
R, LD 2R B 3 52 SR i T e R A T A% 79 552 1

ELFH 2009, 25(11)
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& RIS B AL Thisk W B IS RS . 45
SETRAT R T N M0 AR A A AE (A VR OR R RN R R, 1994
Polat et al. , 1998; Hollings and Kerrich, 2000; Kerrich and
Xie, 2002; Polat and Kerrich, 2001, 2006) , 15 B 34 i} () 11 Bk
EIPAEE SRR 3 ieSUE Qi GRULETS:

6.3 IRXERRAE L
6.3.1 REMR

BERERHC AN AT LA (& 22) , A TE Eu 5
W (8Eu 2y ~ 1) o PEERIALITCR Ce T 255 19 971 57
# Nb/Ta(13. 8 ~14.9) 352 3 JF 4 H11& L (17) (Sun and
McDonough, 1989) ,Zr/Nb(22.3 ~25.6) H{H{E MORB(3F-1y
32) FIRACE bR U 2 IR BE X R 5 1 (9 ~ 87) i LG i 1]
P ,Ti/Zr (95.3 ~119,5F 4] 105) . Zr/Y (2.25 ~2. 69,1
2.51) W AR U BB IS A7 (4302 116 F12.46) £y, (1) =
4.43 PR AR TN 5 U8 5 120k IR T 75 3 g ( Polat et
al. , 1998, 1999),

TTG Fr ks A RHS A TN A A 1A 7 55 B B s ot 4R
((La/¥b)y =171 ~7. 14) ([ 2b) , T - 40 4 B 41
((Gd/Yb) =0.91~1.37) (& 2b) ,Eu 157 % (8Eu =0. 46
~0.87) 5% TRHCA WSS for o T Ti 5 T BE 2 Fe-
Ti E ALY 0057 B 45 i 38 B 7 ( Fowler and Jensen, 1988) ., iX
BUAEAE KL 7K F Pearce and Peate (1995 ) & Rudnick and Gao
(2004) 2 3 1y By IR A FAAESE L. PIAFEM Y &y (1) 43
AR 2.56 Fl1 4. 08, ty, 73518 2722Ma F1 2599 Ma, 56 B HC 5
R T, B R AR S LR B BB AR I (24
2600Ma) 7§k, Nb/La (0. 57 ~0.22) t/NF 1 (1 g J5 i Hubs
{8, Weaver, 1991) , LW Al e & bl 72 W B AR Bt
6.3.2  #K A A5 &G B AU

— i TEVC R AR A %, 5 K AR R 4 53 R B R 25
e S X R R A 3 (Perfit et al., 1980; Sun and
McDonough, 1989; Hawkesworth et al. , 1993; Pearce and
Peate, 1995) . {HRAEMR A B % 25 i K S I, 3 88 42 74
SRR, SR 2R B R £ 0 R R AIE R, A K
R L SRR 5 B OR b A T AR AT AR J6 il
U AT P HERIB SE BT A, R ¥ 3R A1 LR M Cs \Ba \Rb
K .Pb F1%4H% + 0% Z F) 5 W ( McCulloch and Gamble, 1991 ;
Woodhead et al. , 1993; Gamble et al. , 1994; Pearce et al. ,
2000), Th, Nb il Zr 28 51 % 3% 1 i BK ( Pearce and Peate,
1995; Drummond et al. , 1996; Hawkesworth et al. , 1997;
Plank, 2005) ,

OB ERERHC A N R B R HEATE A 5 ((La/Yb)
=0.82~2.07) (K 2a) ,La/Nb(1.19 ~2.31) i s, 3f H
La/Sm-La ELAT AR I LM AR SC R, 45 45 8 00 15 lRRAE . Mg”
(Mg" =Mg**/(Mg** +Fe’*) x100 =32 ~42,Th/U = (3. 65
~4.82) A THHNBINZ R A Th/U WE (3 ~5) MW
(Hawkesworth et al. , 1997; Polat and Kerrich, 2000, 2001 ;
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Kerrich and Xie, 2002) ey, (1) =4. 43, Ui RHC A N B A
S A2 5 1 L 2H 43 4 AE (21 Sun and McDonough, 1989
Bennett, 2004) , /& #2350 704 RO B

QTTG Kk I ARHS M N A AR I Mg® (Mg" = Mg**/
(Mg +Fe’) x100 = 33 ~47 ¥+ 54, La/Nb = 1. 73
~4.52,Jf H La/Sm-La W HAT—& ML MEAR G, 455 38 43
FEBIEEAF . Th/Nb = 0.09 ~ 0. 16, Ti/Zr (49. 3 ~ 129, ¢ 1
78.9) B BR K A WA (116) , Zr/Nb = 18.0 ~25.6,7r/Y =
1.94 ~3.89, Th/U H{H =3.37 ~5.76, ¥4 55 715 1 9 A 45 45 i
(Sun and McDonough, 1989) , KB T+ A6 (Cs . Ba Rb,
K.Pb) FI 2 % + & 52 2] 5% i ) ( McCulloch and Gamble,
1991; Woodhead et al. , 1993 ; Gamble et al. , 1994 ; Pearce et
al. , 2000) , NG 3 AMEILR P WIFA LERTEE T
RHCAIN A A ITR Cr F AR, PIFER Y £y, (1)
=2.56 i1 4. 08, BLWIRHE M A TR S G KR IR T 77 Fl
s, I HL3Z SR R 485 7 A 338 5 B (AR 1 52

TTG Fr R i RHC A IN A AL T TTG FJfk ik
A, S B FERHC AN AT BRI B S R o R FRAT]
PN B BEERHR A TN AR TTG R RRA B RHS M TN A ik
TRIX W) BORIEA A 1) LR 2, v 7e X BT
TP S IRERARE N IRF ol , 3 3K — & TR BE R AR oK, Ak 1 7
ZAR EAL T A I AR, 51 5 45 8 R A A R TR R -
S ANl VR A X BB I T AR R R S, 1997)
AT YIS AT O L TR BT A R P A S IR
PERRAIPLSEZ A (181 8) 5 2) BEAE IR vh M T B9 1A, Al BE /S
AR R BTG & AR IETE B TTG k3K, 5 3 g s 4 5
T LA 2B 2 ph TR AR RS & TRA TTG 4%, 0F
BRI AR i TTG Bk 3% 20 43 ( Castro, 2001) , JE 30
AR L RS SN TR BUE 0, IF B Ak
FERIIE U TTG 0 4 B2 SR A 30 15 11T 1Y, 2 4B B -
S MR I I T

25 P TIAR e 1 L DT R T ARAE B -2 A ) B A B
HTFERHCAIN G S TTG J R v (0 RH A DR A 1 Bk
AR IE s HOE i) 3 g 2 1 5 BRI R AR R A G o
AR ol 124 312 3 5 AR P iz 3 AR FE SRV RIFAE |-
2200, HHEA R AR ALY (Zhai and Windley, 1990) , 2 it
0 tioe LAKF 5 A AR

7 &

BETERHC A N S TTG R IR RS A TN LA
AR A2 A Nd R ZR IR BE R A2 T P 1) B 9L
BEZRA R R R R TG SR, IREok A T
OUTE 2 S F) S S AT b 2 T S AR S e il
Il UG Y kD mH o R B B I Z RO IR,
UAoK B g, A7 s 5e 4 B TR G, L RT RE I BE A I o
YRR BERT , /N AR 1 TR BT B TTG B3R, 75 i

AR RO BRI AR 7 TTG KK I Bt S E i) TTG
AL EAE il 5 AT BUARH AR TN LA, = AE R -2
AR A PSR T

Bugt  eSCEE R BIRRAT AT ST S B0 B, BOOR
TRSESKIIETFE O3 PRI ST BRI — o7 B 24 PP o L SR I %
SEPFH L, FE A AT — 23 Ll !
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