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Geochemical characteristics and tectonic environment of Hongtubu basalts
and Chenjiahe intermediate-acid volcanic rocks in the eastern segment
of North Qilian orogenic belt
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(1.Xi’an Institute of Geology and Mineral Resources, CGS, Xi’an 710054, China; 2. School of Earth Sciences,
China University of Geosciences, Wuhan 430074, China)

Abstract: Early Paleozoic volcanic rocks in Tianshui and Baoji areas along the eastern segment of North Qilian
orogenic belt consists of Hongtubu basaltic lavas and Chenjiahe intermediate-acid volcanic rocks. Geochemical
analyses show that Hongtubu basaltic lavas are similar to the intercalated basalts in Chenjiahe intermediate-acid
volcanic rocks in characteristics, both fallen in the tholeiite series with high TiO, (1.50% ~2.73% ). Their
IREE are 65.97 %10 ©~133.46 <10 ® and 78.04 X 10 ®~175.55>x 10" © respectively, both are slightly en-
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riched in LREE La Yb y being 2.00 ~4.40 and 2.71 ~4.40 respectively and both have no obvious Eu
anomaly or weak Eu negative anomaly 8Eu being 0.85~1.10 and 0.85~0.99 respectively . Basalts from two
groups are typically characterized by selected enrichment of LILEs low abundances of HFSEs relative to N-
MORB and prominent troughs of Nb and Ta with low Nb La ratio 0.28 ~0.43  which indicates the affinity
of these volcanic rocks to island arc tholeiite IAT . In addition eNd ¢z +2.22~ +4.08 values of basalts
suggest that their mantle sources are similar to the depleted mantle source. Zr Nb=17.21~36.33 and Ce Nb
=5.73~8.17 implying geochemical characteristics of N-MORB. Sr Nd and Pb isotopes from Hongtubu
basalts are similar to those in Chenjiahe basalts in composition. In the diagrams of eNd ¢ - % Sr #Sr ¢
A7pL, 204pyy 4 - 200pp 2%4ph ¢ 87Sp 865 ¢~ 206Ph 2%Ph 4 and eNd ¢ — 2Pb ™Pb ¢ for basalts the
data are fallen in the DM EM 1 and EMII areas probably with a little crustal contamination indicating that
the magma of basalts might have had a mixed origin. The intermediate-acid volcanic rocks from Chenjiahe be-
long to the calc-alkaline series they have relatively high abundances of REE > REE=127.51 X 10 ®~276.01
X10°°  and are significantly enriched in LREE La Yb = 4.79~13.51 . Most intermediate-acid volcanic
rocks show weak Eu negative anomaly 8Eu=0.53~1.20 . The trace element patterns of Chenjiahe acid vol-
canic rocks are similar to those of the ocean ridge granite ORG  with marked troughs of Nb Ta Zr and Hf.
A synthetic study shows that the Chenjiahe intermediate-acid volcanic rocks in the eastern segment of North Qil-
ian orogenic belt were formed in an island-arc setting whereas the Hongtubu basalts were formed in an intra-arc
rift setting or an initial back-arc basin setting = probably being products of the early spreading evolution of the
island-arc system towards the back-arc basin in the eastern segment of North Qilian during late Early Paleozoic.
The results obtained provide evidence for the existence of the trench-arc-basin system at the juncture of Qilian
and North Qinling orogenic belts.
Key words geochemistry tectonic environment volcanic rocks Hongtubu Chenjiahe eastern segment of North
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Fig. 1 Sketch geological map showing geology and structure of the eastern segment of the northern Qinling orogenic belt
modified after 1:250 000 Geological Map of Tianshuishi Unit and Baojishi Unit 2004
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2 Nd Sr
Table 2 Nd and Sr isotope composition of basalts from Hongtubu and Chenjiahe
wp 1076 Nd Nd Nd wy 1076 Sr Sr Sr
D273-1 4.71 16.90 0.1685 0.512670+15 0.512181 0.62 2.22 5.10 191.00 0.077 0.704846*14 0.704 358
D273-2 5.19 18.50 0.1697 0.512754£13 0.512261 2.26 3.80 7.80 291.00 0.078 0.704772£13 0.704282
D273-3 5.55 20.00 0.1678 0.512748+12 0.512 261 2.15 3.79 13.90 154.00 0.261 0.705272£15 0.703 623
D273-4 7.34 26.40 0.1681 0.512764+14 0.512276  2.46 4.08 8.30 258.00 0.093 0.704601*=14 0.704013
D273-6 7.08 26.50 0.1616 0.512711+12 0.512242  1.42 3.42 13.70 172.00 0.230 0.705367*12 0.703912
D273-13  4.40 15.90 0.1674 0.512755+14 0.512269 2.28 3.95 10.40 279.00 0.108 0.704876+t14 0.704 195
DI21-1 3.46 14.61 0.1432 0.512625+12 0.512209 -0.25 2.78 27.51 419.85 0.190 0.706913£13 0.705716
D122-1 4.39 17.95 0.1479 0.512694+12 0.512264 1.09 3.86 49.64 439.66 0.327 0.707653+£12 0.705590
278-8 6.03 22.70  0.1606 0.512700+£12 0.512229 1.21 3.27  8.00 337.00 0.069 0.705278*12 0.704 840
D117-4 4.08 17.18 0.1436 0.512636+12 0.512215 -0.04 3.00 10.00 397.02 0.073 0.705172+12 0.704 708
D117-5 9.28 46.79 0.1199 0.512598+12 0.512247 -0.78 3.61 36.44 180.05 0.586 0.707995+13 0.704 263
D273-1~D122-1 t =443.4 Ma 278-8~DI117-5 ¢t=447.4 Ma 1
3 Pb
Table 3 Pb isotope composition of basalts from Hongtubu and Chenjiahe
AL 2ph i %ph S R
oy 106 Dip, M, Wip}, S A T T
D273-1 1.70 1.20 0.31  18.5055%0.016 15.606 1 £0.015 38.5750£0.016 11.612 17.679 15.560 37.545
D273-2 3.10 1.20 0.28  18.4415£0.009 15.6050+0.009 38.5109+0.009  5.742 18.033 15.582 37.947
D273-3 0.56 0.90 0.28 19.0556£0.011 15.6312£0.012 38.9349£0.012 32.245 16.760 15.503 36.560
D273-4 5.00 2.10 0.38 19.2464+0.009 15.676 6 £0.009 39.4822+0.011 4.953 18.894 15.657 38.855
D273-6 2.80 2.30 0.45 18.8322%0.019 15.6380£0.019 38.9080+£0.018 10.331  18.097 15.597 37.698
D273-13  2.30 2.10 0.17 18.667 5+0.009 15.6194+0.008 38.8703+0.008  4.737 18.330 15.601 37.529
D121-1 8.39 1.84 0.57 18.0327£0.014 15.6054+0.015 38.3716+£0.016  4.287 17.727 15.588 38.054
D122-1 7.65 1.81 0.67 18.3436%0.013 15.6301+£0.013 38.4430+0.013  5.557 17.948 15.608 38.099
278-8 4.00 1.20 0.30 18.5279£0.009 15.6336£0.008 38.6506 +0.009 4.784 18.184 15.614 38.208
DI17-4  14.15 2.63 0.55 18.0388+0.011 15.5716 +£0.010 38.1416£0.010 2.444 17.863 15.562 37.871
D117-5 8.18 6.53 1.61 18.9245+0.038 15.6258 +0.036 39.1909+0.038 12.713  18.011 15.575 37.998
D273-1~DI22-1 ¢ =443.4 Ma 278-8~DI17-5 ¢ =447.4 Ma 1
Si0,-NbY  FeO MgO - SiO, 5.67% MgO FeO, 0.34~0.64 ALO;
13.39% — 20.75% K,O 0.25% —
0.86% Na,O 2.82% ~4.91% TiO,
1.50% —2.73% 1.60% —2.13%
2.04% MORB  TiO, 1.5%
2.23%
E-MORB  TiO, P,Os
0.43% —~0.70%
Si0, 48.67%
Si0, ~77.32% 69.55% ~77.32%
48.16% ~ 53.44% MgO 3.13% —~ 56.39% 64.37% 48.67%
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Fig. 7 Primitive mantle-normalized after Sun and McDonoungh 1989 trace elements patterns of Hongtubu basalts a and

Chenjiahe basalts b in the eastern segment of North Qilian Mountain symbols as for Fig. 5
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