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Abstract The Cenozoic volcanic rocks in Huocheiou mountain, Morth Giangtang can be divided into two different series. The cale-
alkaline series belongs to a typica! Lasic-inte:mediate-silicic veck association. The main rock type is basalt-andesite-dacite. They show
Si0, =49% ~70% , AL, > 10% , Na,0/K,0 >1. In addition, the basalt shows LREE/HREE =1.3 ~1.8, (La/Yb), =2.87 ~
4.45, 8Eu=0.96 ~ 1. 09, it irdicates that the basalt is just slightly enriched in light rare earth elements ( LREE) and without
remarkable Eu depletion. The Mg*-Si0, and La/Sm-La diagrams as well as the Sm/Yb(Sm/Yb =1.53 ~5.35) indicate that this group
of calc-alkaline volcanic rocks originated from the partial melting of the spinel-lherzolite at the upper part of the lithospheric mantle,
Tibetan plateau. The alkaline volcanic rock association belongs to a typical potassium-rich shoshonitic series. The main rock type is
tephrite- pollenite-phonolite. They exhibit Si0, =44% ~59% , Al,0, > 14% , Na,0/K,0 =0.47 ~1.51, and LREE/HREE =13.20
~15.76, (La/Yb), =50.44 ~91.99, indicating distinct geochemical feature of strongly enrichment in light rare earth elements. On
the Mg*-5i0, diagram, samples of the alkaline volcanic rock association plot between the mantle melt ( basalts) and the amphibolitic-
eclogitic melt (1 ~3 GPa), and accord with the crustal AFC evolutionary trend. The La/Sm-La diagram which exhibit the closely
relationship between the magmatophile element and ultra-magmatophile element indicate that this group of volcanic rocks belongs to the
fractional crystallization result of a basaltic comagmatic system. The futures of the basic-intermediate-silicic rock association imply that
this group of volcanic rocks should be originated from the partial melting of upper mantle. On the other hand, the distinctive
geochemistry characteristics of high in Sm/Yb (Sm/Yb) =2.63 ~13.98, slight depletion in Eu and strong depletion in element Nb
and Ta as well as strong enrichment in some lithophile elements (such as Th and U) highlight the importance of crustal anatexis in the
generation of the Huochetou mountain alkaline volcanic rock association. Especially, on the La/Co-Th/Co and La/Co-Sc/Th diagrams,
samples of the alkaline volcanic rock association plot as straight line and hyperbola respectively, which indicate that the magma source
of the alkaline volcanic rock association should be crust-mantle mixed layer. These suggest a primitive alkaline magma generation
process of partial melting of the special crust-mantle mixed layer of the Tibetan plateau.

Key words Geochemistry, Magma source region, Mantle partial melting, Crust-mantle mixed layer, Cenozoic volcanic rock,

Tibeten plateau
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Fig. 1 Regional distribution of the Cenozoic volcanic rocks

in the Huochetou mountain area, Qiangtang region.
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Cenozoic volcanic rocks
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Table 1  Chemical composition (wt% ) and trace elements ( x 10 ™*) analyses result for the volcanic rocks

#9 RS BT 3 51)

A ZRe KRAE  HlE KL H REHN  WZE  WLS *ﬁﬁz BTk M) 5 el
gy loFay

WY Qz01 Qz02 Qz03 0704 Qz05 0706 Q07 0708 079 QZ10 QZ11
Si0, 48.94 49.54 59.78 64.98 69.55 44.33 44.93 50. 11 54,33 55.04 59.09
Ti0, 1.60 1.75 0.95 0.40 0.22 1.15 1.02 1.00 0.75 0.38 0.22
Al 0, 18.18 10.86 13.46 17.95 15.11 16.06 14.17 14.64 17.47 18.78 18.42
Fe, 0, 4.00 4.70 6.01 1.70 £.20 3.60 3.40 4.20 3.4 3.00 2.28
FeO 6.21 4.20 0.99 0.30 0.20 4.00 3.80 1.00 1.56 0.80 0.52
MnO 0.17 0.16 0.12 0.03 0.02 0.15 0.14 0.12 0.1t 0.11 0.17
MgO 4.80 10.00 2.80 [.00 0.60 8.30 8.00 6.40 2.70 0.30 0.20
Ca0 7.20 10.50 2.70 3.20 2.60 10.10 11.00 8.70 5.80 1.90 2.30
Na, 0 3.50 2.98 4.10 3.87 3.60 4.50 2.71 2.46 3.07 4.27 8.40
K,0 0.91 0.21 1.64 3.17 4.00 3.93 4.03 3.77 6.60 8.30 5.56
P, 0 0.33 0.30 0.36 0.15 0.12 1.63 1.50 1.33 8.85 0.20 0.12
LOI 4.10 4.70 6.70 2.55 2.74 1.84 4.82 5.7 2,95 6.59 2.57
Total 99.94 99.90 99.61 99.30 99.96 99.59 €9.52 99.44 90,41 99.65 99.75
Mg* 47.7 68.4 42.9 48.7 45.3 98,4 8.6 6. 1 51.3 13.5 12. 4
Se 41.4 27.4 25.9 6. 66 5.56 1.6 25.1 18.1 9.49 6.71 8.97
v 377 255 104 38.0 26.2 158 153 120 102 76.8 47.3
Cr 30.6 052 39,8 10. 5 4.42 228 387 267 59.9 0.34 1.46
Co 46.8 68.8 55.5 83.2 109 47.8 53.3 39.0 40.1 25.1 40.3
Ni 16.5 478 11.2 6.18 1.34 133 138 133 47.4 0.46 1.34
Cs 0.45 1.76 0.70 6.54 5.82 4.29 7.05 11.2 39.1 53.9 30.6
Rb 28.8 7.01 49.0 148 206 116 228 167 207 296 355
Ba 368 334 419 1127 1117 5663 3784 4519 3553 802 221
Sr 283 141 166 605 387 4768 3591 3728 3607 4260 942
Y 30.8 23.7 27.4 7.30 7.81 45.6 39.3 37.8 36.0 48.2 45.0
Zr 101 156 190 129 130 403 466 485 493 1082 1977
Nb 4.91 18.6 14.4 5.14 5.20 36.6 29.7 32.2 39.0 57.1 92.4
Hf 315 4.97 5.93 4.44 4.73 10. 4 12.5 13.2 14.0 25.2 45.9
Ta 0.32 1.25 0.99 0.58 0.76 1.72 1.24 1.57 1.75 1.71 2.01
Pb 5.54 4.17 15.1 31.5 36. 1 108 9.7 101 192 339 522
Th 2.4 2.77 9.59 18.4 28.1 76.6 79.9 84.0 110 182 240
U 0.54 0.62 1.76 5.85 4.52 9.26 11.8 6.15 7.31 33.0 63.4
La 12.1 10.5 28.1 28.7 36.7 289 277 266 331 336 347
Ce 28.5 30.5 60.2 52.9 65.9 584 536 473 552 571 529
Pr 3.69 4.43 6.94 5.62 6.65 70.9 58.4 54.8 59.5 55.1 41.5
Nd 16.4 20.9 26.6 19.0 2.7 256 213 196 199 165 105
Sm 4.63 5.81 5.77 3.26 3.54 39.0 32.9 30.2 29.0 22.6 13.0
Eu 1.74 1.82 1.43 0.85 0.77 9.30 7.75 7.26 6.74 5.60 2.92
Gd 5.10 5.61 5.40 2.34 2.53 25.4 21.7 20.3 19.1 16.5 9.59
Th 0.88 0.91 0.90 0.31 0.34 2.59 2.35 2.23 2.15 2.05 1.26
Dy 5.80 5.10 5.34 1.64 1.67 11.5 9.77 9.48 9.14 9.77 7.08
Ho .32 0.98 1.12 0.29 0.29 1.69 1.49 1.43 1.42 1.68 1.40
Er 3.50 2.43 3.15 0.86 0.77 4.18 3.4 3.51 3.50 4.33 4.27
Tm 0.55 0.31 0.45 0.10 0.12 0.49 0.43 0.41 0.40 0.62 0.72
Yb 3.02 1.70 2.90 0.61 0.70 2.79 2.36 2.29 2.58 3.76 4.93
Lu 0.49 0.24 0.39 0.10 0.10 0.37 0.32 0.33 0.38 0.53 0.81
(LasYbh),  2.87 4.45 6.96 33.81 37.56 74.39 84.29 83.59 91.99 64.02 50. 44
(Ce/Yb)y  2.63 4.99 5.77 24.08 26.15 58.19 63.09 57.51 59.44 42.16 29.77

B R EAL) o [ R M ER L2 WA R K 0T 5 Bl RURS 1 On B s DR R B R A BF SR 1CP-MS 340
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Fig.4 The primary mantle normalized trace element distributions
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Fig.5 The chondrite normalized rare earth element distributions
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