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Adakite in Xiaosigou porphyry copper-molybdenum deposit, Hebei Province:
Age, geochemical characteristics and geological implications

DAI XueLing, PENG Shengl.in and HU XiangZhao
(College of Geoscience and Environmental Engineering, Central South University, Changsha 410083, Hunan, China)

Abstract

The Xiaosigou porphyry deposit occurs in the northern margin of North China craton, which belongs to the
East Circum-Pacific metallogenic domain. The Xiaosigou pluton is comprised of tonalite and monzonitic granite,
which are both I-type granites, with the mineral assemblage being plagioclase + amphibole + quartz+ potassium
feldspar * biotite = pyroxene + some opaque minerals. K-Ar dating of unaltered granite-porphyry yielded an age
of (122.83+2.46) Ma. SiO,, ALO;, Na,O and Mg® are high whereas K,O, TiO,, MgO, CaO and P,Os are
relatively low. The Xiaosigou pluton is characterized by slightly negative to positive SEu anomalies, the lowness
of HREE and Y, and the intense fractionation of LREE from HREE. These characteristics suggest that the Xi-
aosigou pluton is extremely similar to adakite. The primitive magma of the Xiaosigou pluton was derived from
the partially melted lower crust as well as some mantle materials. The Xiaosigou large-size porphyry copper-
molybdenum deposit is genetically in close connection with adakite and the tectonic environment of the northern
edge of North China craton.
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Fig. 1 Simplified geological a map of the Xiaosigou ore deposit after Han et al. 1999
1—Quaternary 2—Dolomite of Wumishan Formation 3—Archean metamorphic rocks 4—Marble 5—Granodiorite porphyry

6—Phyllic rocks 7—Gabbro monzonite 8—Granite porphyry 9—Stratigraphic boundary 10—Normal reverse fault

1 K-Ar
Table 1 K-Ar dating of Xiaosigou pluton
N . N w YK w YAr*
m mg w K 00 4UAr _)SAI, JSAI, "(’Ar 4UA1, 36Ar o S 4UAr 4UA1, 4UA1, J{)K ! Ma
10""mol g 10"°mol g
0.07595 2.99 1.7668 736.42 1301.07 89.241 0.59724 77.70% 0.006692 122.83+2.46
0.07766 3.84 2.0874 5916.09 5916.09 114.611 0.84644 95.34% 0.007385 111.65+2.23
Ar xe = 0.581 X
107 a 2, =4.692 <107 a YK K=1.167 % 3.2
1074 K-Ar
122.83+2.46 Ma 1 K-Ar ICP-AES
129 Ma 1999 SiO,

2% 2
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2 wB % CIPW
Table 2 Major element content w B % and CIPW standard minerals of Xiaosigou pluton
D26-1 D24-1 D25-1 D25-3 D26-2 D24-2 O D13-3 D13-2
SiO, 65.66 63.9 70.55 69.24 67.56 65.42 65.91 64.39 65.81
TiO, 0.61 0.66 0.35 0.44 0.56 0.68 0.57 0.59 0.55
ALO; 15.22 15.84 14.11 14.98 15.53 15.69 15.72 15.27 15.17
Fe,O5 1.44 2.97 1.38 1.78 2.49 2.48 1.86 1.02 1.69
FeO 2.31 2.19 1.39 1.37 1.43 1.72 1.84 1.62 2.47
MnO 0.05 0.07 0.03 0.04 0.04 0.06 0.05 0.03 0.05
MgO 1.7 1.23 0.9 1.15 1.22 1.36 1.2 1.5 1.5
CaO 2.9 3.97 1.9 2.42 3.1 3.32 2.8 3.7 2.9
Na,O 4.76 4.12 4.16 4.74 4.21 4.16 4.74 4.56 4.48
K,O 3.62 3.71 3.62 3.14 3.52 3.88 3.68 6.84 3.9
P,0s 0.2 0.3 0.13 0.07 0.03 0.32 0.19 0.19 0.19
0.99 1.75 1.02 0.54 0.4 0.51 1.08 1.66 1.07
99.46 100.71 99.54 99.91 100.09 99.6 99.64 101.37 99.78
ALK 8.38 7.83 7.78 7.88 7.73 8.04 8.42 11.4 8.38
c 3.06 2.9 2.18 2.36 2.43 2.86 3.006 6.06 3.04
Na,0O K,O" 1.31 1.11 1.15 1.51 1.20 1.07 1.29 0.67 1.15
CaO Na,O~ 0.61 0.96 0.46 0.51 0.74 0.8 0.59 0.81 0.65
ALO; TiO, " 24.99 24 40.2 34.05 27.73 23.07 27.72 25.97 27.58
A CNK” 0.894 0.879 0.993 0.96 0.949 0.919 0.932 0.706 0.9
Mg® * 0.46 0.38 0.39 0.42 0.38 0.39 0.40 0.51 0.41
Ry 1748 1794 2328 2114 2073 1864 1760 988 1779
R, 704 805 533 614 700 738 677 772 691
Q 15.98 16.14 27.27 22.74 20.97 17.89 16.99 5 16.8
An 9.62 13.92 8.71 10.39 13.13 12.8 10.91 1 9.89
Ab 40.9 35.26 35.74 40.38 35.76 35.55 40.7 38.7 38.4
Or 21.73 22.17 21.72 18.68 20.88 23.16 22.07 40.54 23.35
C 0.21
Di 2.97 3.3 1 1.72 1.39 1.56 10.37 2.79
Hy 5.03 4.01 3.58 3.8 3.96 4.48 3.77 4.78
Wo 1.34
Il 1.18 1.27 0.67 0.84 1.07 1.3 1.1 1.12 1.06
Mt 2.12 3.23 1.8 2.01 2.44 2.67 2.45 1.48 2.48
Ap 0.47 0.7 0.31 0.16 0.07 0.75 0.45 0.44 0.45
* 1 ALK=Na,0+K,0 6= NayO+K,O Si0,~43 R, =4Si—11 Na+K -2 Fe+Ti R,=6Ca+2Mg+ Al
Mg® =Mg>* Mg®" +Feé* A CNK=ALO; NaO+KO+ CaO
Chappell et al. 1974 2007 Sylverster
1 w SiO, 63.9% ~70.55% 1998 K,0-Na,O 2007 3
66.49% Ri-R, I
2 3 6 2.18~6.06 3.11
w ALO;  14.11% ~15.84% 4 AR= ALO; +CaO+ Na,O+
w NaZO > KZO KzO A1203 + CaO — NaZO + Kzo
3%
2 w TiO, w MgO w CaO w P,0s ALK 7.71
w CaO w NaO 1 A 1988
CNK 1.1 CIPW 4 Ri-R, 5 Batchlo
et al. 1985
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Fig. 2 Ry-R, classification of pluton basemap after
Batchlo et al. 1985
1—Tonalite 2—Alkaline granite 3—Syenogranite

4—Monzogranite 5—Granodiorite
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Fig. 3 K,0-Na,O diagram of Xiaosigou pluton basemap
after Qin et al. 2007
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Fig. 5 R;-R, multication diagram of granites
basemap after Batchlo et al. 1985
1 . Mantle granite Il . Plate collision mitigation area prior to
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6 CIPW 3.3
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Fig. 6 ¢ Q+Or -¢ Mt+ 1l diagram of Xiaosigou pluton
basemap after Isbibara 1977
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Table 3 REE contents in Xiaosigou pluton w B 10~¢
D26-1 D24-1 D25-1 D25-3 D26-2 D24-2 OAT D13-3 D13-2
La 28.87 29.48 39.43 33.29 31.59 21.44 41.28 38.72 39.17
Ce 55.74 46.48 65.28 56.55 54.1 35.41 68.68 63.74 66.47
Pr 6.83 5.48 7.77 6.703 6.526 4.11 7.8 7.57 7.45
Nd 24 .44 18.16 25.6 22.21 22.06 13.48 26.45 24.82 24.6
Sm 4.11 3.04 4.27 3.683 3.579 2.23 4.47 4.24 3.95
Eu 1.05 0.8 1.12 0.72 0.79 0.78 1.15 1.12 1.13
Gd 3.18 2.11 3.16 3.603 3.525 2.131 3.34 2.95 2.87
Tb 0.46 0.31 0.43 0.464 0.453 0.275 0.48 0.41 0.41
Dy 2.5 1.62 2.2 2.11 2.075 1.173 2.59 2.18 2.45
Ho 0.45 0.31 0.42 0.399 0.387 0.219 0.49 0.42 0.46
Er 1.14 0.79 1.01 1.095 1.08 0.62 1.24 1.1 1.25
Tm 0.16 0.11 0.14 0.142 0.139 0.082 0.19 0.17 0.18
Yb 0.92 0.69 0.78 0.866 0.84 0.508 1.05 1.01 1.17
Lu 0.13 0.1 0.11 0.132 0.13 0.081 0.15 0.15 0.16
Y 11.71 7.24 10.36 7.32 8.54 9.46 11.94 9.83 10.9
>SREE 129.98 109.48 151.72 131.76 127.27 82.54 159.36 148.60 151.75
LREE HREE" 13.54 17.13 17.39 13.98 13.75 15.22 15.72 16.71 15.95
La Yb Y 18.63 25.37 30.01 22.82 22.33 25.06 23.34 22.76 19.88
dEu” 0.93 1.00 0.97 0.66 0.74 1.19 0.95 1.00 1.07
Ce” 0.81 0.72 0.74 0.75 0.75 0.74 0.75 0.74 0.77
La Sm 4.39 6.006 5.77 5.65 5.52 6.01 5.77 5.71 6.20
Gd Yb 2.12 1.87 2.48 2.55 2.57 2.57 1.95 1.79 1.50

1
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Table 4 Contrastive table of geochemical parameters between adakites and Xiaosigou pluton

w SiO, 66.49% >56%

w ALO; 15.28% >15%

w Na,O 4.44% 3.5% <Na,0<7.5%
w NaO w K0 D13-3 0.67 1.00 >1.00

w MgO 1.31% <3%

w Mg® 0.51 ~0.51

oEu Eu Eu

La Yb y 23.36% >10%

w Yb 0.87x10°° 1.9x10°¢

w Y 9.7%x10 ¢ <10x10°°

2007
Cu
Mo
6
1989
9 K-Na-Ca
Martin et al. 1987
Fig. 9 Adakite in K-Na-Ca diagram -
basemap after Martin et al. 1987 2003a Gregory 2003
“u Cu-Mo Cu-Au
Au-Ag Thieblemont
1997 43 Au Ag Cu Mo
9 38
140~90 Ma
2003
Springer et al. 1997
Sillito 1998 5
Cu Mo 2 1

2007
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