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1
Table 1 Chemical composition of megacrystalline K - feldspar in amygdales
Si0, ALO; Fe,0; FeO  MgO0 CaO Nay0O K,0 TiO, P,0; MnO €O, H,0,
Q4-1 77.3 8.85 1.1 0.59 0.52 3.52 0.67 4.25 0.05 0.02 0.03 2.25 0.84 100.07
WP12 66.5 18.19 0.26 0.13 0.09 0.39 0.2 14.2 0.01 0.02 0.01 0.06 0.37 100.47
Q4-1 WP12 %
2
Table 2 Trace element features of megacrystalline K — feldspar in amygdales
Au Ag B As Sb Hg F Be C Li NV G C C C Ba S Zn Ga Rb Z+ Pb Ta H N U Th Sc
Q4-110.6 65 3.5 11.2 041 5 54 031 21.9 5.7 6.9 26.4 60 10.9 2.37 25.5 5763 218 18 8.6 79.8 16 20.3 0.11 0.45 0.79 0.08 0.47 0.9
Wp12 3.3 38 1.6 10.9 0.29 5.5 50 0.07 23.5 0.5 59 6 7 1.1 0.52 33.1 1694 64 5 5.5 205 10 2.2 0.14 0.29 0.58 0.07 0.95 0.5
Q4-1 WP12 10°°
Eu Eu* Eu*
>230°C Cl pH<7 Eu**
Sverjensky
REE Eu’*
250°C Eu Eu’*+Fe**—Eu®"+Fe’* Eu™* Eu**
Eu 2 Eu**
10 11 Eu —
Eu* Eh pH
3
Table 3 REE features of megacrystalline K — feldspar in amygdales
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
Q4-1 0.9 2.4 0.35 1.6 0.34 0.15 0.29 0.05 0.31 0.06 0.17 0.02 0.16 0.03 1.8
WP12 0.9 1.9 0.23 0.8 0.18 0.11 0.21 0.04 0.23 0.04 0.12 0.02 0.13 0.02 1.3
Q4-1 WP12 10°¢
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Table 4 Chemical composition of K - feldspar in amygdales
Si0, TiO, ALO;  Cr,04 FeO MnO MgO CaO0 CoO NiO K,0 Na,O P05 SO BaO
BP4 66.98 0 16.93 0 0.03 0 0 0.21 0.13 13.36 2.23 0 0 0.59 100.46
BP5 66.2 0.01 17.91 0.12 0.27 0 0.09 0 0.19 15.62 0.21 0 0 0.7 101.31
BP6 65.48 0 17.46 0 0.16 0.19 0 0 0.12 0 16.59 0.35 0 0 0.05 100.4
BP15 54.01 0.1 32.97 0 2.73 0.04 0 0.17 0.22 0 8.92 0.82 0 0 0.02 100
BP24 63.98 0.08 19.13 0.02 0.22 0 0 0.69 0 0 8.96 4.02 0 0 2.91 100
BP37-1 63.76 0 17.46 0.14 0 0 0 0 0 15.81 0.13 0 0 1.62  98.92
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Fig. 4 Structure diagram of K—feldspar in amygdales

Fig. 5 Classification
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S Fe S 53.33% Fe 46.67%
8 S Fe
(6) Co 0.01%~1.94%
I-34 Co/Ni 1 Se 0.1%~0.3% S/Se
214.96~1769.33 Se/Te 0.08~1.01
5
Table 5 Chemical composition of chlorite in amygdales
Si0, TiO, ALO;  Cr,0 FeO MnO MgO Ca0 CoO NiO K,0 Na,0 P,0s SrO  BaO
BP4  27.34 0 18.38 0.25 27.34 0.3 13.85 0.06 0 0.03 0.05 0.02 0 0 0 87.61
BPS 29.57 0.15 12.6 0.25 29.95 0.18 14.49 0.08 0 0.09 0.08 0 0 0 0 87.45
%
6
Table 6 Chemical composition of quartz in amygdales
Si0, TiO, ALO; Cr,O; FeO MnO MgO CaO0 CoO NiO K,0 Na,O P,05 SO BaO
BP4  99.86 0 0 0 0.07 0.05 0.03 0 0 0 0 0 0 0 0 100.02
BPS 100 0 0 0.13 0 0 0 0 0.06 0 0 0.02 0 0 100.33
BP6  99.68 0 0 0 0.06 0.04 0 0 0.07 0 0 0.13 0 0 0.22  100.19
BP12  100.14 0 0 0 0.13 0 0.1 0 0.09 0 0 0 0 0 0.04 100.5
BP59 99.32 0.01 0 0.19 0.03 0 0 0 0 0.05 0 0.26 0 0 0.07  99.93
BP63 98.99 0.1 0 0 0.06 0.06 0 0 0.01 0 0 0.06 0 0 0.07 99.36
BP54  99.52 0.05 0 0.09 0.1 0 0 0 0.05 0 0 0.08 0 0 0.1 100
BP4 BP5 BP6 BP12 BP59 BP63 BP54
%
7
Table 7 Chemical composition of epidote in amygdales
Si0, TiO, ALO; Cr,0; FeO MnO MgO CaO  CoO NiO K,0 Na,O P,0s SrO BaO
BP4 39.16 0 25.82 0.18 8.41 0 0 21.1 0.24 0 0.01 0 0 0 0 94.92
BP63 38.93 0.01 24.28 0.03 9.27 0.17 0 21.29 0 0.01 0 0.04 0 0 0.14 94.17
BP4 BP63 %
8
Table 8 Chemical composition of calcite in amygdales
Si0, Ti0, ALO; Cr,0; FeO MnO MgO CaO CoO NiO K,0 NayO P,05 SO BaO
BP4  0.12 0 0.03 0.13 0.14 0 0.08 55 0.02 0 0.1 0.11 0 0 0.04 55.78
BP5 0.04 0 0.1 0 0 0.06 0.22 54.52 0.12 0.07 0.04 0.18 0 0.01 0 55.37

%
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Cu 32.51%~36.63% S
34% Fe 24.27%~30.79%
Cu S Fe Cu 33.88% S 34.87%
Fe 30.51% S Fe
Au
0.n% 1.5% Au/Ag 0.1~1
40
4 K* Na* Ca**
Mg* CI° SO HCO®#
15
1
9
Table 9 Chemical composition of metallic minerals in amygdales
S Fe Co Ni Cu  7Zn As Sh Se Te Au Ag C Mn Pb Hg Ti v Cd In Ge
1 53.07 45.29 0 0 0.13 0 0.05 0.09 0.02 0.33 0.07 0.11 0.01 0.01 0.11 O 0 0.23 047 0 0.02
2 52.69 45.84 0.01 O 0 0 0 0.11 0.06 0.12 0.02 0.3 0 0.11 0 0 0 0 0.41 0.25 0.08
1 5255 4563 039 0 0.04 033 0 0.07 0 026 0 0.08 0 0 0.09 0 005 0 0.28 0.06 0.11
2 52.76 44.83 0.07 0.18 0 0.13 0.08 0.19 0.32 0.04 0.1 0.49 0.23 0 0 0.00 0.09 0 0.14 0.15 0.18
3 33.97 2427 0 0.07 36.63 0 1.3 0 1.47 0 0.1 0.4 0 0.01 0.06 0.06 0 0 0.37 0.09 1.17
4 3477 28.89 0 0 3321 0 092 0 0.8 0 0.04 0.11 0.06 0.01 0.13 0.01 0.1 0 0.05 0.03 0.85
53.13  45.65 0 0 0 0 0.13 0.21 0.06 0 0 0 006 0 0.04 0 0.08 0.01 0.3380.04 0.2
1 53.46 44.42 0.46 0.51 0.02 0 0.14 0.1 0 0.08 0 0 005 0 0.1 0.00 0 0.01 033 0 0.2
2 34.55 29.27 0.02 0 32.51 0.19 1.15 0.01 0.67 0.05 O 0.09 0.13 O 0 0 0 0.08 0.3 0.13 0.85
53.72  45.01 0 023 0 0.5 0.08 0 0 0.05 0.1 0.11 0.001 0 0.03 0 0.03 0 0.04 0 0.1
52.61 45.95 0.3 0 0 004 0 0.03 0.06 0.15 0.05 0.28 0.05 0 0.03 0.02 0 0.03 0.39 0 0.02
1 53.01 46.58 0.01 0.13
2 53.34 46.05 0.01 0.20 0.007
3 53.10 45.84 0.01 0.16 0.004
1 34.76 29.55 0 34.62 0.09
2 34.90 30.79 33.67 0.07 0.05
12 12 1 1~3 3 4 2 12

%
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Amygdales in the volcanic series of the Xiong’er Group on the southern
margin of the North China plate evidence of hydrothermal mineralization

ZHANG Hancheng XIAO Rongge AN Guoying

ZHANG Long HOU Wanrong GAO Liang
China University of Geosciences Betjing 100083  China

Abstract  Amygdales with distinct features are prevalent in mineralized sites in the Xiong'er Group vol-
canic rocks on the southern margin of the North China plate. Some amygdales even have developed into
mineralized bodies. However previously this phenomenon was less studied. Based on a systematic study of
the textures and structures of amygdales and their filling minerals  the formation mechanism of amygdales
and their relationships with hydrothermal ore fluids and ore—forming processes are discussed in details in
the paper. Finally  the authors point out that amygdales are an important indicator of exploration in the
Xiong'er Group volcanic rocks on the southern margin of the North China plate.

Key words southern margin of the North China plate Xiong'er Group volcanic rocks amygdale hy-

drothermal fluid cavity filling metasomatism



