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Granite geochemistry and tectonic environments of Tianshui area in North
Qinling orogenic belt
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Abatract: Based on regional geological investigation and detailed petrological, contact relationship, isotope age
and geochemical studies, this paper has dealt with geochemical characteristics and tectonic environments of gran-
ites in such rock bodies as Late Caledonian Baihua intrusive, Xiongshangou intrusive, Early Variscan Dangchuan
intrusive and Huoyanshan intrusive in southern Tianshui area. The Baihua intrusive has low potassium content
(K,O/Na,0=0.13~0.91), low aluminum (A/CNK = 0.74~0.78), low Nb, Zr and rare earth elements
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(SREE=107.71X10 " °~191.13 X 10 °) and rich trace elements Cr, Ni, Y, Rb, Sr;the early rock of the
Xiongshangou intrusive has low K;O(K,0O/Na,O=0.33~0.42), whereas the late rock has rich K,O(K,0/
Na,0O=1.01~1.43) and trace elements Th, Hf, Nb, Zr;the Late Caledonian intrusives have some common
characteristics: their rocks belong to tholeiitic-calc-alkaline series with enriched rare earth elements; they have
no or indistinctive Eu negative anomalies and low 880 (880 = +3.32%0), showing characteristics of “I-type”
granite. The Xiongshangou intrusive derived its materials from the lower crust; the Baihua intrusive was formed
in an island-arc tectonic environment; the Dangchuan intrusive is enriched in SiO, (SiO, =72.29% ~73.40% ),
K,O(K,0/Na,O =0.86~2.01), and ALO;(A/CNK=1.05~1.20); the Huoyanshan intrusive contains low
Si0,(69.70% on average) and high K,O(K,O/Na,O=1.14~1.88), Fe,O; + FeO and MgO. The Early
Variscan intrusives show the following common characteristics: their rocks belong to shoshonitic series, with
high ALO;(A/CNK>1.0) and abundant such large ion lithophile elements as Ba, Zr, Rb, Sm, Ta, Rb, Ba,
Th and Nb; with high race earth elements, they have distinct negative Eu anomalies and low 6Eu (8Eu=0.36
~0.61);(¥Sr/%Sr)>0.707 0, with high 3'0(8" 0= +8.89%~ + 11.08%0) ; they thus belong to medium
strontium granite, with source materials derived from the earth’s crust, belonging to “S-type” granite; they
were formed in a post-collision tectonic environment or a post-orogenic tectonic environment.

Key words: granite; geochemistry; tectonic environment; Tianshui area
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Fig. 1 Geological sketch map of Dangchuan in Tianshui area
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Fig. 2 Rb-Sr isochron ages of granites in southeastern Tianshui area
1 Rb-Sr

Table 1 Rb-Sr dating age of granites in southeastern

Tianshui area

87Sr %Sr Rb pg g7 ' Sropg g7! ¥Rb %Sy
VI34-1 0.71324 181.41 454.65 1.1510
VI34-2 0.714 87 141.26 287.28 1.4159
VI34-3 0.722 59 211.52 216.32 2.8231
V344 0.72571 219.32 193.90 3.2666
VI34-6 0.716 24 167.48 339.78 1.4222
VI34-7 0.723 45 213.95 214.99 2.8724
V148-1 0.712 34 167.73 478.21 1.0117
V[48-2 0.72223 209.25 217.85 2.7731
V148-3 0.714 35 158.12 327.48 1.3929
V148-4 0.712 45 158. 64 424.41 1.098 1 3
V148-6 0.710 38 161.91 642.76 0.762 4
V148-7 0.710 35 150.83 670.41 0.6488
2532-1 0.706 88 86.77 956. 10 0.2616 3.1
2532-2 0.724 40 219.65 208.75 3.0385
2532-3 0.719 55 188.93 293.75 1.856 4
2532-5 0.712 01 155.91 457.01 0.9836
2532-6 0.712 52 220.65 608.35 1.046 1 -
2532-7 0.709 09 126.69 815.82 0.447 8
ARb=1.42x10 "a™!
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35%
- 4~6 mm
3.2
Kzo NaZO< 1 O
A CNK 0.74—~0.78 1.45~3.78
2005 2 K,0 - Si0, -
Kzo - NaZO -
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Table 2 Major wy % and trace wy 10 ¢ element analyses of Baihua intrusive and Xiongshangou intrusive
SiO, 52.37 57.62 56.65 75.22 75.17 71.56 61.69 71.74
TiO, 0.69 0.88 0.70 0.32 0.26 0.81 1.35 0.40
ALO; 16.22 15.90 16.76 12.67 12.57 13.87 15.50 13.36
Fe,05 5.37 2.68 2.74 1.21 1.16 1.38 3.52 1.46
FeO 5.08 4.10 3.96 1.00 1.21 0.92 2.40 1.55
MnO 0.23 0.19 0.15 0.05 0.06 0.04 0.10 0.06
MgO 5.17 3.75 3.98 0.75 0.70 0.50 1.94 0.61
CaO 8.88 6.30 6.40 1.75 2.17 0.10 3.60 1.35
Na,O 3.08 3.68 3.82 4.42 4.09 4.55 4.13 3.44
K,O 0.40 3.35 3.28 1.45 1.73 4.80 4.17 4.93
P,0s 0.10 0.39 0.13 0.03 0.04 0.14 0.42 0.11
CO, 0.46 0.12 0.47 0.12 0.16 0.40 0.31 0.15
LOI 0.61 0.74 0.85 0.69 0.66 0.56 0.56 0.93
Total 99.66 99.70 99.69 99.70 99.98 99.83 99.61 100. 58
ALK 3.48 7.03 7.10 5.87 5.82 9.35 8.30 8.37
K,O Na,O 0.13 0.91 0.86 0.33 0.42 1.05 1.01 1.43
A CNK 0.74 0.75 0.78 1.05 1.01 1.07 0.86 0.99
c 1.45 3.38 3.78 1.08 1.05 3.06 3.69 0.44
Ba 1171 470 656 781 1811 1663 904
Nb 11 9.9 3 3 10 45 22
Zr 200 221 167 136 121 214 480 242
Sr 729 1080 135 168 744 674 140
Rb 126 117 121 29 37 97 140 163
Th 5 7 10 10 30 14 38
Hf 4 5 4.3 7 6 5 6
Ni 40 22 28 3 2 7 6
Co 30 20 20 5 10 5
\ 150 140 83 43 51 54 61 51
Cr 150 88 70 18 17 9 56 14
Ta 0.54 1.72 1.60 0.74 0.71 1.05 2.05 2.65
Sc 17.0 19.0 6.4 6.6 0.5 11.8 1.2
La 18.00 38.80 28.00 20.50 19.20 105.00 90.00 80.00
Ce 35.00 66.60 72.00 33.00 22.50 190.00 230.00 210.00
Pr 6.00 8.42 8.30 5.80 5.60 18.50 22.50 17.00
Nd 15.50 33.50 20.00 19.00 17.00 63.00 69.00 63.00
Sm 4.00 6.92 6.30 4.30 4.20 6.90 11.00 9.10
Eu 0.55 1.37 1.40 0.76 0.74 1.63 2.00 1.20
Gd 2.60 4.19 6.40 3.40 3.45 3.80 8.20 7.20
Tb 0.83 0.73 1.46 0.66 0.70 0.76 1.30 1.10
Dy 2.25 3.90 3.10 4.10 3.80 1.75 7.00 7.30
Ho 0.53 0.83 1.00 0.73 0.69 0.37 1.10 1.12
Er 1.40 2.20 1.80 2.42 2.20 0.89 2.90 3.50
Tm 0.40 0.34 0.46 0.50 0.54 0.27 0.58 0.66
Yb 2.35 2.11 1.60 2.80 2.80 0.94 3.20 3.70
Lu 0.59 0.32 1.20 0.26 0.29 0.20 0.52 0.64
Y 17.00 20.90 14.50 26.00 24.00 9.60 33.00 36.00
> REE 107.31 191.13 167.52 124.23 107.71 403.61 482.30 441.50
LREE HREE 2.80 4.40 4.32 2.00 1.80 20.70 7.30 6.20
O0Eu 0.49 0.72 0.68 0.58 0.59 0.87 0.62 0.65
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Fig. 6 Primitive mantle-normalized trace element spidergrams of granites in Tianshui area after Pearce e al .
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3 wi % wg 107°

Table 3 Major wi % and trace wy 107 ¢ element analyses of Dangchuan intrusive and Huoyanshan intrusive

SiO, 73.40 73.21 72.70 72.29 65.77 67.77 71.61 73.66
TiO, 0.17 0.07 0.26 0.08 0.82 0.77 0.47 0.21
ALO; 14.03 14.38 13.96 14.20 15.12 14.09 13.43 13.59
Fe,O;3 0.52 0.23 0.60 0.04 2.07 2.17 0.94 1.04
FeO 1.17 0.57 1.51 1.48 2.46 2.00 1.90 0.64
MnO 0.07 0.05 0.08 0.04 0.13 0.10 0.13 0.05
MgO 0.42 0.21 0.50 0.40 1.42 1.33 0.61 0.56
CaO 0.72 0.41 1.06 0.98 2.85 2.13 1.60 0.68
Na,O 3.35 2.99 3.25 3.83 3.85 3.11 3.55 3.01
K,O 4.55 6.00 4.62 6.06 4.40 4.64 4.87 5.67
P,0s 0.12 0.11 0.13 0.03 0.33 0.22 0.27 0.05
CO, 0.47 0.68 0.33 0.16 0.01
LOI 0.74 0.70 0.75 0.57 0.48 2.80 0.36 0.47
Total 99.73 99.70 99.75 100.00 99.86 100.13 99.84 99.73
ALK 7.90 8.99 7.87 9.89 8.25 7.75 5.14 8.68
K,O Na,O 1.36 2.01 0.86 0.33 1.14 1.43 1.37 1.88
A CNK 1.2 1.18 0.78 1.05 0.93 1.00 0.96 1.10
c 2.06 2.67 3.78 1.08 2.99 2.42 2.47 2.46
Ba 800 1 800 1181 684 1595 1333 885 565
Nb 11.7 2.5 10 15 30 30 26 54
Zr 129.5 34 231 173 315 298 211 149
Sr 150 230 183 10 431 426 223 123
Rb 209 212 190 263 158 137 169 302
Th 28 8.1 33 70 18 22 34 47
Hf 5.7 1.6 7 17 6 5 7 9
Ni 0 3 4 9 7 5 5
Co 2.9 2.6 4 5 6 6 4 2.5
v 21 16 48 26 60 63 55 17
Cr 5 3 13 18 16 12 14 14
Ta 1.4 4.1 1.2 2.9 5.5 2.7 3.45 2.3
Sc 4.1 2.0 7.2 6.4 9.15 8.0 1.9 .
La 44.00 27.00 87.00 84.00 83.00 130.00 80.00 75.00
Ce 78.00 38.00 105.00 100.00 122.50 170.00 137.50 92.00
Pr 8.60 3.82 16.60 13.00 18.50 20.00 15.70 14.00
Nd 31.00 16.80 52.00 65.00 60.50 74.00 46.50 56.00
Sm 6.00 2.90 9.40 6.60 12.10 11.50 8.60 7.60
Eu 0.64 1.15 1.02 1.06 2.20 2.05 1.18 1.00
Gd 4.79 1.92 7.70 7.20 10.15 9.60 7.65 8.10
Tb 0.80 0.29 1.05 1.60 1.43 1.35 1.20 1.50
Dy 5.40 1.74 4.40 5.80 7.35 7.20 5.90 9.30
Ho 0.93 0.31 0.98 0.74 1.50 1.40 1.27 1.15
Er 2.58 0.70 2.10 2.45 3.65 3.50 3.13 3.95
Tm 0.41 0.09 0.37 1.60 0.63 0.60 0.58 1.90
Yb 2.45 0.56 2.30 2.70 0.63 2.90 2.80 5.00
Lu 0.28 0.10 0.38 0.80 3.00 0.58 0.55 2.00
Y 20.60 6.70 18.00 22.00 0.56 37.00 28.25 42.00
> REE 224.01 102.06 308.30 314.55 396.08 471.68 340.82 320.50
LREE HREE 4.87 7.20 7.27 6.00 5.57 6.63 5.64 3.28
oEu 0.43 0.42 0.36 0.47 0.61 0.59 0.44 0.39
2 3 Fe,05 FeO CO, X

ICP-MS DZ-0130-94
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