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A tentative discussion on the genesis of Ni-bearing carbonatites
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Abstract

Numerous carbonatite bodies, ‘associated intimately with ultrabasic rocks in the ophiolite zone, have been
discovered through field survey. They occur as stocks or dikes with the width about tens to hundreds of meters,
and can be subdivided into two types according to chemical composition, i.e., calciocarbonatite and magnesio-
carbonatite. The former consists mainly of calcite with CaO content of 42.74 ~45.78% , while the latter is
mainly comprised of magnesite and siderite with MgO and Fe,O3(T) content of 23.83~29.85% and 7.75~
16.85% respectively. The abundance pattern of trace elements normalized by primitive mantle for calciocarbo-
natite coincides with that of the crust-sourced magmatic carbonatite in Dagingshan of Inner Mongolia along the
north boundary of the North China Block. However, evidence from Sr-Nd-Pb isotopes indicates that calciocar-
bonatite was derived from the mantle, close to EMII. Besides, its Ty ranges from 697.4 Ma to 881.9 Ma.
These characteristics suggest that calciocarbonatite firstly differentiated from mantle in late Proterozoic, then
went through eruption, sedimentation and metamorphism successively, and lastly remelted in Mesozoic as a re-

sult of being heated by the intrusion of mafic magma. Magnesiocarbonatite differs from either typical mantle-
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sourced or crust-sourced carbonatites in geochemical characteristics, but its REE pattern is the same as the REE
pattern of associated Ni-bearing ultrabasic rocks, with their Pb isotopes also indicating the same material source.
In addition, the lower crust must have played an important role in the source of magnesiocarbonatite, as shown
by the eng-Is plot. All these phenomena prove that magnesiocarbonatite is the product of metasomatism of ul-
trabasic rocks metasomatized by deep-seated CO,-rich fluid in the middle-lower crust.

Key words: geology, carbonatite, element geochemistry, Nd-Sr-Pb isotopes, petrogenesis, Bangong Lake
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Fig. 1 Geological map of the Bangong Lake island arc zones Tibet platean (modified after 1:1500000 geological map)
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Fig. 2 No.1 (A) and No.3 (B Ni-bearing carbonatite body in Bangong Lake area
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Fig. 3 Micrograph of calciocarbonatite (A) and magnesiocarbonatite (B) in Bangong Lake area
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1

Bangong Lake area Tibet

Sr Nd Pb

Table 1 Analytical results of major elements trace elements and Sr Nd Pb isotopic compositions of carbonatites from

RTN-001 RTN-002  RTN-003  RTN-009  RTN-010  RTN-011 RTN-013  RTN-015  RTN-016
w B %
ALO; 3.24 3.55 2.47 0.26 0.56 0.35 0.16 0.19 0.2
SiO, 7.72 8.4 4.36 20.24 19.96 24.8 20.49 25.48 35.33
Ca0 43.62 42.74 45.78 0.63 2.16 0.37 0.57 2.1 5.11
K,0O 0.65 0.79 0.56 0.022 0.027 0.013 0.015 0.02 0.019
TiO, 0.13 0.14 0.1 0.024 0.027 0.021 0.016 0.017 0.016
Fe,05 1.78 2.02 1.46 16.85 14.95 13.42 12.58 11.81 7.75
FeO 1.4 1.5 1 4.7 4 3.85 4.1 4.05 3.25
MgO 3.87 3.38 2.9 28.87 28.69 29.31 29.85 25.24 23.83
Na,O 0.31 0.23 0.24 0.055 0.088 0.069 0.11 0.12 0.13
MnO 0.054 0.056 0.061 0.14 0.17 0.13 0.14 0.12 0.12
P,0s 0.059 0.064 0.06 0.013 0.015 0.013 0.013 0.014 0.015
LOI 38.12 38.11 40.37 32.75 32.9 31.45 35.59 34.35 27.02
w B 107°

Li 4.23 1.71 2.82 10.5 22.6 11.5 3.68 5.05 8.41
Be 0.005 0.236 0.033 0.1 0.016 0.101 0.082
Se 4.38 4.77 3.15 3.86 5.53 4.79 1.95 2.06 1.45
\ 43.4 46.4 38.2 16.3 26.9 21.5 9.8 10.9 14.4
Ti 779. 146 839.08 599.343 143.842 161.823 125.862 95.8949 101.888 95.8949
Cr 132 188 167 1672 1414 2154 507 466 506
Co 6.73 7.72 5.63 97 81.2 96.4 73.2 76.3 64.9
Ni 53.3 49.2 46 1761 1319 1717 1507 1803 1700
Cu 15.1 16.3 11.1 12 4.51 8.56 2.47 8.99 38.3
Zn 20.1 23.3 14.5 41 28.6 48.8 15.4 18.2 15.3
Ga 2.22 2.42 1.68 0.429 0.607 0.498 0.11 0.112 0.133
As 18.1 18.1 20.7 6.51 5.39 5.76 9.18 14.2 22.6
Se 0.395 0.181 0.167 0.263 0.379 0.217 0.022

Rb 24.8 28.2 19.9 1.06 1.4 0.256 0.2 0.359 0.383
Sr 403 414 384 12.1 72.2 8.61 8.97 54.4 134
Zr 22.6 22,4 15.9 0.596 2.57 0.754 0.736 0.164 3.29
Nb 1.55 1.44 1.09 0.068 0.048 0.046 0.053 0.064 0.03
Mo 0.22 0.258 0.11 0.149 0.36 0.019 0.251 0.859 1.68
cd 0.12 0.098 0.092 0.065 0.024 0.017 0.005 0.021 0.021
In 0.015 0.006 0.012 0.005 0.003 0.003 0.002 0.003

Sn 1.32 0.15 1.14 1.54 0.23 0.654 0.898 0.428
Sh 2.18 2.41 2.2 7.01 7.13 3.04 11.6 8.95 20.7
Cs 1.47 1.46 1.07 1.21 1.33 0.881 0.538 0.353 0.297
Ba 51.1 60 41.7 6.73 6.68 2.91 3.66 5.84 4.99
Hf 0.555 0.562 0.408 0.028 0.062 0.022 0.022 0.01 0.075
Ta 0.089 0.075 0.05 0.001 0.005 0.051 0.136

w 0.443 0.324 0.261 0.3536 1.71 0.412 2.12 1.42 1.17
Re 0.005 0.004 0.003 0.001 0 0.001 0

Tl 0.123 0.146 0.108 0.009 0.011 0.002 0.004 0.005 0.015
Pb 2.32 2.13 1.89 0.237 0.092 0.11 0.674 0.536 1.02
Bi 0.032 0.035 0.018 0.001 0.001 0.036 0.008 0.034
Th 0.635 0.599 0.488 0.147 0.028 0.037 0.016 0.024 0.012
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1
Continued Table 1

RTN-001 RTN-002 RTN-003 RTN-009 RTN-010 RTN-011 RTN-013 RTN-015 RTN-016

w B %

U 1.27 1.2 1 0.08 0.177 0.312 0.082 0.074 0.068

La 4.94 5.1 4.46 0.091 0.132 0.077 0.037 0.068 0.155

Ce 5.73 5.89 4.84 0.159 0.127 0.09 0.062 0.106 0.208

Pr 1.08 1.13 0.989 0.022 0.024 0.017 0.012 0.016 0.046

Nd 4.51 4.46 3.81 0.085 0.074 0.047 0.035 0.07 0.137

Sm 1.01 1.07 0.76 0.019 0.019 0.004 0.013 0.018 0.054

Eu 0.288 0.311 0.24 0.002 0.003 0.002 0.002 0.008 0.02

Gd 1.09 1.07 0.882 0.016 0.016 0.005 0.008 0.027 0.042

Tb 0.199 0.204 0.163 0.002 0.003 0.002 0.001 0.004 0.01

Dy 1.23 1.31 0.994 0.017 0.028 0.014 0.008 0.025 0.046

Ho 0.245 0.254 0.203 0.004 0.006 0.003 0.003 0.006 0.009

Er 0.692 0.75 0.595 0.011 0.026 0.011 0.008 0.012 0.027
Tm 0.103 0.114 0.088 0.001 0.005 0.001 0.001 0.002
Yb 0.638 0.712 0.546 0.015 0.034 0.019 0.004 0.016 0.017

Lu 0.103 0.116 0.085 0.006 0.008 0.006 0.002 0.004 0.003

> REE 21.858 22.491 18.655 0.45 0.505 0.298 0.195 0.381 0.776

1
LREE HREE 4.08 3.96 4.25 5.25 3.01 3.89 4.74 3.01 3.97
206p}, 204p} 19.024 19.259 19.138 18.332 18.3 18.245 18.402 18.331 18.418
2A7p}, 204p} 15.595 15.634 15.619 15.611 15.594 15.602 15.631 15.589 15.616
208p}, 204p} 38.347 38.498 38.455 38.44 38.34 38.374 38.588 38.439 38.565
8TRL %08y 0.0374 0.0465 0.0568 0.0932 0.0272 0.0501 0.029 0.0082 0.0054
875y 86Sr 0.7083 0.7084 0.7082 0.7118 0.7121 0.7119 0.7110 0.7111 0.7113
Is 0.7082 0.7083 0.7081 0.7115 0.7120 0.7118 0.7109 0.7111 0.7113
47Sm 1%Nd 0.1051 0.1054 0.1015 0.097 0.1021 0.1392 0.1601
Nd “Nd 0.5123 0.5126 0.5124 0.5111 0.5116 0.5115 0.5118
end -1.1 1.03 —2.08 -26.71 —18.56 —21.616 —16.08
Tom 837.4 697.4 881.9 238.5 195.3 302.2 328.4
Is, ¥Sr %Sr . Thum Ma
2 Sr Pb 2010

Table 2 Analytical results of major elements trace elements and Sr Pb isotopic compositions of ultrabasic rocks from
Bangong Lake area Tibet

RTB113-1 RTB113-2 RTBI114-1 RTB117-2 RTB145-3 RTB160-2 RTB230-2
w B %
ALO; 0.44 0.33 0.6 0.35 0.44 0.57 0.68
SiO, 37.45 37.41 36.11 36.25 36.03 35.35 37.08
CaO 0.12 0.1 0.16 0.14 0.2 0.54 0.11
K,O 0.017 0.013 0.017 0.018 0.016 0.014 0.015
Fe, O3 10.48 11.07 12.97 12.63 13.005 10.26 10.765
FeO 2.2 1.8 2.1 1.6 1.85 1.3 2.75
MgO 35.84 35.93 34.29 35.01 34.58 35.72 35.12
Na,O 0.048 0.043 0.046 0.042 0.056 0.06 0.049
MnO 0.11 0.1 0.13 0.092 0.11 0.18 0.12
P,0s 0.014 0.013 0.012 0.013 0.012 0.011 0.012

LOI 12.38 12.32 12.83 12.99 12.75 15.36 12.52
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2
Continued Table 2

RTB113-1 RTB113-2 RTB114-1 RTB117-2 RTB145-3 RTB160-2 RTB230-2
wB 10°°
Be 0 0.028 0 0 0 0 0
Sc 7.93 7.21 9.74 6.74 7.68 8.89 8.45
A 26.6 24.7 40.3 23.2 32.2 41.9 42.8
Cr 1075 1512 2604 2023 2262 2536 2653
Co 110 112 120 121 123 109 117
Ni 2089 2149 2117 2090 2210 2161 1911
Cu 0.854 0.726 4.24 4.7 1.77 2.81 2.26
Zn 28.1 25.9 41.6 37.9 36.2 46.5 40.9
Ga 0.428 0.426 0.868 0.56 0.378 0.47 0.482
Rb 0.214 0.143 0.23 0.181 0.175 0.169 0.136
Sr 2.01 1.71 2.36 1.23 5.28 1.99 2.73
Zr 0.157 0.188 0.204 0.146 0.188 0.151 0.091
Nb 0.042 0.026 0.035 0.035 0.05 0.044 0.034
Mo 0.223 0.221 0.203 0.161 0.325 0.217 0.124
Sn 1.65 1.57 1.72 2.05 1.81 1.73 1.55
Sh 0.136 0.091 0.061 0.075 0.244 0.066 0.208
Ba 3.19 1.57 7.76 4.66 2.66 1.78 2.94
Hf 0.006 0.009 0.008 0.01 0.01 0.009 0.02
Ta 0.014 0.042 0.039 0.015 0.104 0.074 0.018
Pb 0.228 0.214 0.43 0.512 0.394 0.294 0.312
Bi 0.01 0.009 0.014 0.01 0.007 0.007 0.006
Th 0.023 0.029 0.041 0.026 0.035 0.028 0.015
U 0.04 0.016 0.024 0.012 0.088 0.007 0.013
Ti 24.1 18.1 16.9 17.6 20.3 27.8 24.7
La 0.045 0.029 0.053 0.047 0.04 0.075 0.031
Ce 0.05 0.041 0.08 0.08 0.116 0.088 0.033
Pr 0.019 0.007 0.009 0.019 0.012 0.017 0.008
Nd 0.03 0.023 0.031 0.062 0.024 0.036 0.02
Sm 0.011 0.006 0.007 0.013 0.003 0.009 0.003
Eu 0.006 0.003 0.018 0.003 0.002 0.002 0.004
Gd 0.008 0.006 0.006 0.017 0.006 0.009 0.005
Th 0.002 0.002 0.001 0.004 0.001 0.002 0.001
Dy 0.017 0.011 0.012 0.028 0.004 0.008 0.01
Ho 0.003 0.003 0.003 0.004 0.001 0.002 0.003
Er 0.01 0.009 0.011 0.013 0.005 0.012 0.01
Tm 0.002 0.001 0.003 0.003 0.001 0.003 0.002
Yb 0.014 0.015 0.03 0.021 0.016 0.024 0.031
Lu 0.004 0.005 0.007 0.005 0.004 0.008 0.006
> REE 0.221 0.161 0.271 0.319 0.235 0.295 0.167
206p}, 204p, 18.334 17.998 18.155 18.784 18.324 18.015 18.424
A7p}, 204p}, 15.613 15.543 15.572 15.594 15.585 15.615 15.575
208py, 204p} 38.462 38.097 38.262 38.396 38.248 38.134 38.292
8TRb %Sy 0.0704 0.0574 0.1937 0.1054 0. 0609 0.1252 0.1123
873y 860Gy 0.7095 0.7097 0.7094 0.7096 0.7087 0.7114 0.7099

TiO,

1
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