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Geochemistry and Tectonic Environment of Amphibolites of the Zanhuang Metamorphic Complex

XIAO Ling ling, JIANG Zongsheng
The Graduate School of the Chinese Academy of Sciences, Beijing 100049, China

Abstract: Amphibolites, one of the kinds of Precambrian basement rocks, are exposed in the southrmiddle Zanhuang
Metamorphic Complex, centratsouth segment of the TransNorth China Orogen. These metamorphic rocks were
carefully studied through field investigations and petrographical and geochemical analyses. It was found that proto-
liths of the Zanhuang amphibolites are cale alkaline and tholeiitic rocks with a large range of 2REE (41.38x 10°°
~ 232.55% 10°%) and weak LREE enrichment. The multr element variation results showed that K, Rb and Ba
were relatively concentrated, Nb and Ta were of evident depletion while Ti was of weak depletion. Geochemical
characteristics and various relevant geochemical discrimination diagrams showed that the Zanhuang amphibolites
were formed in volcanic arcs of continental margin similar to the current continental margin, which was resulted
from the subduction between the Western Block and the Eastern Block.

Key words: North China Craton; TransNorth China Orogen; Zanhuang metamorphic complex; amphibolite; tec

tonic discrimination

[ ¥]

[ 14, 15]

:2009- 07 30 ,20106 0421
: (40672129, 40730315) ; (XMXX280734)
(1982—), , s . E amil: xiaolingl05@ mails. gucas. ac. en.



340 /

) R 3900
? , ka, « 2 ,
? R NNE- SSW
3 (21,
TTG
2 2 2 b T TG
[16~ 21]
. . ST W e A Lk
1 X35 L 2 EA R B e A AR
A
110°
/‘LI/ = g
- P e ‘-‘il‘{‘_}}_‘uug\"
/‘éﬂ—ﬂf' <yl LB"»
AN
ot
0
HB24 1iB26
% HB30 HB32
o HBISIHB1SS Semmmn
HBIS8HBI61 5=
1HBI170
HB167
35 35
S— Eil
2(20 400 Il,(m
(&) > fii Bl Iy L T A
) = ‘; / == Kb A
: / (T o st e i
Py SR / e
¢ Lt e A iy T I
1 Bl vivaL s
400 km T
= (@) L7 degosmin gt
1 (a) (bt
Fig. 1 Geological sket ch map of the North China Craton ( a), showing location of

the Zanhuang metamorphic complex (b) including locations"™



341

, (2 (3, HBI5) ,
. , (
)
( )
« 3
HB178) s ,
Fig. 2 The field occurrence of the Zanhuang amphibolites [22,23]
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Fig. 3 Micropet rography photos of the Zanhuang amphibolites (left, HB54; right, HB178) under single polarized light
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Table 1 Chemical composition of amphibolites of the Zanhuang complex
HB24 HB26 HB30 HB32 HB74 HB104 HB131 HBI133 HB151 HB154 HBI158 HB161 HB167 HB170 HB178
Si0, 54.33 49.22 48.82 47.77 51.37 46.48 45.61 44.73 49.53 48.09 48.95 49.64 50.08 53.49 48.24
Ti0, 0.56 0.65 1.01 1.01 1.01 1.87 1.44 1.87 0.91 1.37  0.72 1.49 1.05 0.96 1.10
AlL,03 14.37 14.58 16.07 15.68 13.82 13.90 15.16 14.49 13.68 16.12 13.06 13.16 14.17 14.63 14.10
TFe; 03 9.78 10.98 13.00 14.33 22.81 18.80 14.98 16.08 13.88 14.51 17.68 16.81 14.85 12.01 15.41
FeO 7.56 8.55 10.40 8.59 18.56 11.86 9.38 9.84 8.95 8.39 12.50 11.42 10.24 6.13 9.95
MnO 0.16 0.18 0.15 0.19 0.47 0.23 0.56 0.56 0.20 0.16 0.22 0.22 0.21 0.16 0.22
MgO 7.87 8.49 7.60 7.70 3.31 5.98 5.69 6.61 6.83 6.8 591 562 6.37 583 6.39
CaO 9.88 12.41 10.43 10.34 6.71 9.00 12.19 12.24 9.34 7.42 9.12 9.40 9.30 7.66 10.54
Na, O 2.36 2.33 2.12 1.87 0.19 1.91 1.19 1.28 2.80 4.14 2.13 2.31 2.41 2.79  2.72
K»0 0.38 0.66 0.41 0.42 0.19 0.98 1.31 0.69 1.66 0.67 1.19 1.05 0.81 1.32 0.72
P,05 0.07 0.06 0.15 0.15 0.11 0.49 0.32 0.36 0.10 0.23 0.29 0.21 0.13 0.19 0.10
LOI 0.24 0.56 0.40 0.54 0.08 0.36 1.02 0.46 0.9 0.60 0.36 0.26 0.52 1.10 0.54
Total 100. 00 100. 13 100. 17 100. 00 100.07 100.01 99.48 99.36 99.88 100.19 99.63 100.16 99.90 100.14 100. 08
La 6.34 6.43 10.1 9.91 41.1 23.0 16.5 14.7 7.41 15.6 24.1 16.2  9.60 17.9 5.55
Ce 13.7 14. 1 22.7 22.4 96.5 50.8 35.5 33.7 16.3 36.3 57.9 34.9 22.0 38.3 13.3
Pr 1. 86 1.92  3.12 3.10 10.7  6.65 4.67 4.64 2.17 4.91 7.29 4.72  2.93 5.02 1.91
Nd 8.00 8.42 14.1 12.9 44.5 29.8 20.9 19.5 10.0 21.7 29.3 21.0 13.2 21.6 9.35
Sm 1.90 1.98 3.47 3.21 8.87 6.34 4.46 4.47 2.65 4.78 6.37 512 3.07 4.43 2.86
Eu 0. 68 0.74 1.36 1.16 2.76 2.71 1.82 1.41  0.97 1. 68 .35 1.57 1.09 1.42  1.03
Gd 2.12 2,30 3.71 3.41 8.16 6.07 4.45 4.38 3.09 4.70 6.06 5.51 3.62 4.16 3.55
Th 0.37 0.35 0.55 0.58 1.15 0.89 0.68 0.73 0.51 0.68 0.91 0.8 0.55 0.59 0.55
Dy 2.38 2.43  3.61 3.76 7.25 5.39 4.43 4.54 3.55 4.13 5.46 5.74 3.69 3.62  4.15
Ho 0.56 0.61 0.82 0.78 1.66 1.19 1.04 0.94 0.90 0.90 1.17  1.33 0.87 0.82 0.99
Er 1.53 1.53  2.17 2.24 4.46 3.00 2.98 2.69 2.34 237 3.16 3.55 2.38 2.19  2.71
Tm 0.22 0.21 0.28 0.34 0.56 0.37 0.39 0.41 0.32 0.29 0.41 0.46 0.30 0.27 0.32
Yb 1.47 1.48 1.97 2.26 4.25 2.71 3.15 2.70  2.26 2.09 2.95 3.34 2.25 2.00 2.63
Lu 0.26 0.25 0.30 0.34 0.63 0.39 0.50 0.41 0.33 0.30 0.42 0.48 0.34 0.29 0.38
Y REE 41.38 42.75 68.25 66.39 232.55 139.32 101.46 95.19 52.81 100.42 146.85 104.76 65.89 102.60 49.28
Ba 94.6 145 47.9 51.7 13.9 423 383 87.7 124 270 691 285 205 311 79.8
Rb 8.40 13.9 4.67 4.20 2.98 17.5 25.8 7.02 39.9 7.24 34.1 27.6 32.9 29.2  10.8
Th 0.95 0.94 0.84 0.77 5.95 1.87 0.50 0.42 0.75 0.85 1.52 2,15 1.41 0.81 0.49
Nb 1.81 1.98 3.06 3.57 5.81 6.11 4.37 4.77 4.61 4.31 8.86 5.88 3.36 4.30 3.58
Ta 0.20 0.19 0.24 0.19 0.54 0.45 0.31 0.24 0.45 0.29 0.50 0.44 0.25 0.24 0.27
Sr 298 325 368 283 22.4 200 109 132 97.1 241 240 207 242 265 124
Zr 30.7 31.5 29.7 58.3 145 39.4  43.2 84.4 29.5 45,7 90.9 96.3 52.1 27.3  50.4
Hf 1.03 1.06 1.08 1.69 3.88 1.41 1.43 2.29 1.19 1.55 2.44 2.90 1.58 0.93 1.51
Y 13.0 13.0 18.6 20.5 42.3 27.1 24.8 23.9 20.0 20.4 29.7 31.7 20.9 20.1 23.6
Se 29.2 35,8 29.7 357 21.3 36.6 33.5 40.0 40.0 26.9 34,5 39.3 38.4 29.6 37.9
v 185 211 236 226 225 346 272 300 284 234 205 361 291 225 310
Co 46.7 57.1 54.4 56.3 69.7 61.8 56.6 59.8 58.9 62.2 54.1 53.4 61.7 48.1 55.0
Cs 0.19 0.19 0.11 6.38 0.11 0.09 0.25 0.66 0.10 0.17 0.35 0.23 0.28 0.14 0.08
Pb 1.93 1.47 3.91 15.2 2.08 4.14 162 8.22 6.54 230 7.73 4.29 8.63 2.08 3.45
U 0.28 0.24 0.19 0.13 1.27 0.29 0.8 0.08 0.26 0.19 0.72 0.77 0.35 0.11 0.20
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Table 2 Element ratios of amphibolites of the Zanhuang complex

HB24 HB26 HB30 HB32 HB74 HB104 HB131 HB133 HB151 HB154 HBI158 HB161 HB167 HB170 HB178
Na, O+ K,0 2.74 2.99  2.53  2.29 0.38 2.89 2.50 1.97 4.46 4.81 3.32 3.36 3.22 4. 11 3.44
K,0/Na,O 0.16 0.28 0.19 0.22 0.98 0.51 1.10 0.54 0.59 0.16 0.56 0.45 0.34 0.47 0.26
A/CNK .14 0.95 1.24 1.24 .95 1.17 1.03 1.02  0.99 1.32 1.05 1.03 1.13 1.24 1.0l
Mg# 47.20 46.21 39.39 37.41 13.90 26.12 29.70 31.35 35.35 34.51 27.09 27.09 32.28 35.04 31.55
Nb/Y 0.14 0.15 0.16 0.17 0.14 0.23 0.18 0.20 0.23 0.21 0.30 0.19 0.16 0.21 0.15
Zr/ Ti0, 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
Th/Yb 0.65 0.64 0.42 0.34 1.40 0.69 0.16 0.16 0.33 0.41 0.52 0.64 0.63 0.41 0.19
Ta/Yb 0.13 0.13 0.12 0.08 0.13 0.17 0.10 0.09 0.20 0.14 0.17 0.13 0.11 0.12 0.10
Ba/Nb 52.27 73.23 15.65 14.47 2.39 69.23 87.64 18.39 26.90 62.65 77.99 48.47 61.01 72.33 22.29
Nb/Th 1.91 2.10 3.66 4.66 0.98 3.27 8.78 11.33 6.13 5.006 5.83 2.73 2.38 5.28 7.28
La/Nb 3.50 3.25 3.30 2.77 7.07 3.76 3.78 3.07 1.61 3.62 272 2,76 2.8 4.16 1.55
ZrlY 2.36 2.42 1.60 2.84 3.43 1.45 1.74 3.54 1.48 2.24 3.06 3.04 2.49 1.36 2.14
6Eu 1.03 1. 06 1. 15 1. 06 0.97 1.32 1.23 0.96 1.03 1.07 0.65 0.90 1. 00 0.99 0.98
(La/Sm)n 2.15 2.10 1.88 1.99 2.99 2.34  2.39 2.12 1. 81 2.11 2.44  2.04 2.02 2.61 1.25
(La/Yb)n 3.09 3.12  3.68 3.15 6.94 6.09 3.76 3.90 2.35 5.35 5.86 3.48 3.06 6.42 1.51
: 8Eu (La/Sm)y (La/Yb)y , Sun and M cDonough ( 1989)
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