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Geochemistry and rock-forming process of Miocene volcanic rocks
in Canmeishan area, north Tibet

JIA Bao-hua, BAI Dao-yuan, MENG De-bao and CHEN Bi-he
(Hunan Institute of Geological Survey, Changsha 410011, China)

Abstract: The Miocene volcanic lava in Canmeishan area, belonging to Qiangbagian rock province of Hoh Xil
rock belt, occurs in north Tibet and is composed from early to late of basalt latite, latite and trachytic dacite,
with the K-Ar whole-rock ages in the range of 12.81~14.51 Ma. The SiO, contents of basalt latite, latite and
trachytic dacite are 53.85% ~56.02%, 59.22% ~61.84% and 64.81% ~67.70% , respectively. The rocks
belong to the shoshonite series and are sub-aluminous: K,O+ Na,O 6.21% ~8.20%, K,O 3.17% ~4.94% ,
K,0O/Na,0=1.01~1.52, TiO,0.77% ~1.88% , ACNK=0.54~0.90 and KNA= 0.57~0.72. ZREE 297
X107 9~939x10 % and (La/Yb)y 45.1~127.4 point to intensely-concentrated LREE, with 8Eu being 0. 73
~0.95. The LILE (K, Rb, Cs, Sr, Ba, U, Th) are highly concentrated, while the HFSE (Nb, Ta, Zr, Hf)

are comparatively less concentrated. Geochemical characteristics and regional contrast indicate that the source of
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Miocene volcanic rocks in Canmeishan area was EM Il -mantle. Harker diagrams of selected major oxides, Mg®
versus trace element variation diagrams, La/Sm — La diagram and variation of Mg” values and SREE all show
that basalt latites and latites belong to the comagmatic evolutionary series, and have obviously experienced a high
degree of crystallization differentiation. The trachytic dacites belong to another magmatic series produced by par-
tial melting of the rocks formed from the earlier evolved magma. It is thus concluded that the spatial-temporal
scale of deep magmatism should be larger than that of the upper volcanic rocks in north Tibet in Cenozoic. Un-
der the compressive tectonic regime, some mantle-derived magma was confined in the depth and turned into rock
through cooling. Consequently, the space-time distribution of Cenozoic volcanic rocks in north Tibet must have
been related to the evolution of the regional tectonic regime.

Key words: North Tibet; Canmeishan; Miocene volcanic rocks; geochemical characteristics; rock-forming

mechanism
1998 125
1989 1991 1993 1998 Arnaud
et al. 1992 1992 1996
1998 1999 1996 2001 2002 1
1996 Yang et al. 1997 Chung et al. 1998
1999 1999 1999 36°
2000 2000 2000 314 km?
2001 2002 2002 1
2003 2005
5200~
5600 m
2004
3
1999 2001 3
87°00°
15’
87°00'

s Do A7 B&Is [m]0 2]

1— — 3— 4— 5— 6—

Fig. 1 Geological sketch map showing the distribution of Miocene volcanic rocks in Canmeishan area



263
2
K-Ar 12.81 £
0.4 Ma 12.85£0.56 Ma  14.51 £0.23 Ma 0.5% ~3%
1 An 53
3
K-Ar 11.7~14.5 Ma 2
1998 K-Ar An 46~48
11.1~12.8 Ma 2002 2b
K-Ar 13.53 ~
15.47 Ma 2002 3
~ 15
1998a cm
1
5597 m
1 2 km 1.5 km
0.5% —~3% 2a 80 m
149% ~33% An 62
1 K-Ar
Table 1 K-Ar data of rocks
K % O Ar,y mot g ! OArg % +16 Ma
28 3.00 3.146x 10 12 55.20 12.85+0.56
27 2.78 2.77x10° "2 65.05 12.81£0.40
36 4.34 5.08x10 2 77.96 14.51£0.29
K-Ar

A=0.581x107" a 33=4.962x107"" a *K K=1.167x10"*

Fig. 2 Field photo and microphoto of volcanic rocks
a— Ol Py b—

a—Olivine and pyroxene in basalt latite cross polarized b—Layered cake-like structure resulting from flowing of magma
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Table 2 Major wy % and trace element wy 10”° analyses of Miocene volcanic rocks from Canmeishan area
384-2 1831 36 35-1 206 968-4  968-3  968-2  968-1 21 189-2 27-1 27-2
SiO, 65.98 63.91 65.33 63.75 63.02 60.22 60.62 60.61 359.75 60.56 @ 58.4 55.36 52.63
TiO, 0.75 1.27 1.35 1.50 1.50 1.66 1.65 1.67 1.68 1.55 1.85 1.62 1.53
ALO; 14.35 14.87 14.67 14.50 14.71 15.12  14.62 14.82 14.79 15.03 15.44 14.66 13.76
Fe, O3 2.11 2.83 3.24 1.02 2.70 5.79 4.22 5.07 6.04 1.64 3.64 4.46 3.70
FeO 1.23 2.63 1.48 4.17 3.20 1.98 2.55 1.45 0.47 3.97 2.87 3.80 4.10
MnO 0.04 0.04 0.07 0.07 0.05 0.06 0.06 0.06 0.05 0.07 0.06 0.12 0.12
MgO 1.56 1.21 0.79 1.37 1.41 1.16 2.00 1.15 1.27 3.03 1.63 5.06 5.66
CaO 3.16 3.38 3.28 3.53 3.80 3.81 4.26 4.53 5.04 4.99 5.30 6.59 9.49
Na,O 3.27 3.48 3.22 3.26 3.24 3.37 3.38 3.25 3.15 3.21 3.70 3.21 2.97
K,O 4.56 4.33 4.88 4.61 4.47 4.53 4.26 4.32 4.53 4.12 3.86 3.24 3.10
P,0s 0.45 0.56 0.51 0.59 0.64 0.89 1.11 1.08 1.03 0.80 1.86 0.71 0.68
2.18 0.70 0.68 0.82 0.48 0.53 0.53 1.15 1.65 0.25 0.58 0.47 1.55
99.64 99.21 99.50 99.19 99.22 99.12 99.26 99.16 99.45 99.22 99.19 99.30 99.29
K,O+ Na,O 7.83 7.81 8.10 7.87 7.71 7.90 7.64 7.57 7.68 7.33 7.56 6.45 6.07
K;O Na,O 1.39 1.24 1.52 1.41 1.38 1.34 1.26 1.33 1.44 1.28 1.04 1.01 1.04
ACNK 0.89 0.90 0.89 0.86 0.86 0.87 0.81 0.81 0.77 0.80 0.77 0.7 0.54
KNA 0.72 0.70 0.72 0.71 0.69 0.69 0.70 0.68 0.68 0.65 0.57 0.60 0.60
Mg* 0.47 0.30 0.24 0.32 0.31 0.23 0.36 0.25 0.28 0.5 0.32 0.54 0.58
Cr 13 26 25.4 83.2 12 35 30 25 12 79.7 18 141 122
Ni 14.5 22.8 10.9 14.8 21.5 28.0 29.6 33.0 25.0 52.4 19.5 77.7 77.6
Co 9.6 14.0 8.5 9.4 15.6 17.1 18.0 17.8 16.5 16.0 16.3 26.5 26.9
\% 53.2 99.9 80.4 94.9 124.9  111.6  123.6 118.8 88.9 132.0  133.3 149.0 143.0
Rb 292.8 187.7 198.0 190 193.8  144.7 139.5 129.1 139.4 129 104.5 78.6 84.5
Sr 540 947 761 792 869 1353 1388 1376 1326 1060 1657 1020 1080
Ba 1093 2824 1620 1520 2311 2581 2622 3418 2534 1850 3028 1470 590
Cs 32 16 9 8 15 15 15 14 13 25 14 13 11
Sc 4.2 6.6 4.9 4.9 7.9 8.2 8.3 8.9 8.0 10.5 8.5 14.6 13.9
Ga 22.8 19.5 26.8 28.5 23.0 22.1 23.5 21.0 21.6 15.9 20.1 19.9 13.4
Zr 197 430 538 503 568 458 407 433 469 381 362 315 296
Hf 5.7 9.9 14.4 13.4 12.8 10.8 9.6 9.9 10.2 10.1 8.4 8.7 8.1
Nb 21.8 30.2 37.0 36.0 37.4 44.2 43.3 43.0 43.2 38.8 36.9 35.5 31.0
Ta 1.3 1.5 2.7 2.7 1.8 2.3 3.0 1.3 3.2 2.6 2.3 2.1 2.8
Th 21.9 32.5 51.7 47.8 44.5 25.7 22.5 22.5 25.3 25.9 24.7 19.7 18.4
U 8.3 4.8 4.9 8.1 5.7 4.0 4.0 3.1 4.2 4.5 3.6 3.5 4.1
La 68.22 158.2 145.5 130.2 185.0 166.4 179.5 168.3 176.9 115.7 218.6 92.07 94.23
Ce 136.8 293.0 301.0 277.5 369.0 333.7 358.6 335.4 341.7 263.2 434.1 194.6 189.0
Pr 14.61 30.71 27.89 27.03 35.06 36.43 39.99 37.62 38.84 25.03 46.27 19.67 18.40
Nd 49.87 90.89 93.86 90.22 121.00 123.2 135.70 128.00 131.90 87.97 170.50 68.48 66.27
Sm 7.71 13.31  12.43 12.06 16.20 17.74 18.01 18.04 17.94 12.01 21.95 9.91 9.60
Eu 1.41 2.62 2.54 2.55 3.16 3.78 3.60 3.71 3.63 2.87 4.55 2.48 2.31
Gd 4.53 7.28 7.45 7.27 8.85 9.69 10.44 10.27 10.18 7.91 11.74 6.80 6.47
Tb 0.60 0.95 0.82 0.83 1.09 1.26 1.36 1.29 1.33 0.93 1.45 0.82 0.81
Dy 2.62 4.12 3.57 3.76 4.41 5.36 5.64 5.20 5.73 4.33 6.14 4.15 3.93
Ho 0.38 0.66 0.59 0.59 0.77 0.87 0.91 0.89 0.92 0.76 0.93 0.70 0.70
Er 0.80 1.31 1.32 1.29 1.63 1.74 1.79 1.83 1.88 1.76 1.81 1.69 1.70
Tm 0.11 0.18 0.17 0.18 0.22 0.22 0.23 0.252 0.25 0.25 0.22 0.25 0.24
Yb 0.61 0.99 0.81 0.81 1.19 1.28 1.14 1.28 1.30 1.38 1.11 1.32 1.32
Lu 0.0820 0.1330 0.11 0.12 0.16 0.17 0.15 0.17 0.18 0.20 0.15 0.20 0.19
Y 9.17 14.20 13.79 14.12 18.90 20.62 19.12 20.47 20.04 19.74 20.18 18.35 17.94
SREE 297.52 618.55 611.85 568.53 766.64 722.05 776.19 732.73 752.72 544.04 939.70 421.49 413.11
Nb La 0.32  0.1910 0.2540 0.28 0.20 0.27 0.24 0.25 0.24 0.33 0.17 0.38 0.33
O0Eu 0.73 0.80 0.81 0.83 0.79 0.86 0.80 0.82 0.81 0.92 0.84 0.95 0.92
La Yb y 72.3 103.4  116.2 104.0 100.6 84.1 101.9 85.1 88.0 54.2 127.4 45.1 46.2
Dy Yb x 3.1 3.1 3.2 3.4 2.7 3.1 3.6 3.0 3.2 2.3 4.1 2.3 2.2
ICP-AES SiO,
2% PE Elan6000 ICP-MS Nb Ta
1% ~3% ACNK=ALO; CaO+ Na,0O+K,O KNA= K,O0+NaO ALO; Mg* =Mg Mg+ Fe
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