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Abstract Volcanic carbonatites are very rare igneous rocks in the earth surface. which close paragenesis with nephelinite,
melilitic rocks always outcroped continental rifting area. A lot of Cenozoic volcanic carbonatites in Baihe area of Lixian county,
Gansu province outcroped in Cenozoic kamafugite. The carbonatite cantain these rock types of lapilli, tuff and ignimbrite, lava
and ball etc. The carbonatites composed by calcites and rare clinopyroxene, nepheline, apatite and phlogopite in mineralogy,
and belong to a sovite according to Le Maitre’s A Classi fication of Igneous Rocks and Glossary of Terms. The whole rock
chemical composition of carbonatite has a characteristics rich in CaO, but pool in alkaline(Na, O+ K,0), and is very like to
high-Ca, low-alkali carbonatite from Fort Portal area, Uganda. However, the major element chemistry of each type of
carbonatite is different, such as content of SiO, is decreasing gradually from black lapilli to ball to ignimbrite/tuff to lava to the
carbonatite filled in vesicles. The content of TiO, . Al, O, . FeO and Fe, O; , MgO in these rocks have a positive correlation with
content of Si0O, , but only CaO in the rocks has a negative correlation with Si0,. The carbonatites have a LREE-rich pattern in
the figure of chondrite-normalized REE-pattern, but the abundance of LREE, SREE and rare earth elememts(especialy Sr, Ba)
in the rocks have a positive correlation with SiO, like to major elements of the rocks. Carbon and oxygen isotopic compositions
of whole-rock samples of the carbonatite lie within ranges of —9. 58 to 0. 71 for §”C and 12. 59 to 20. 58 for §'*0. These §"C
and §" O values of the carbonatite support the conclusion that the carbonatite was products of magmatism and origined from the
mantle. However, the isotopic composition of some carbonatite was changed by secondary isotopic exchange. Exposure to
alteration under atmospheric conditions and weathering at the surface produced higher §'® O and §" C values distinct from
primary carbonatite. The researchs show that the carbonatites and high potassic volcanic rocks in this area are not a magmatic
products of continental rifting, its origin and genesis may be related to uplifting of asthenosphere. The discovery of the WQL
carbonatite provide a new petrological evidence to understand chemical composition and characteristics of the WQL mantle.
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Fig.1 Sketch map of the field of Cenozoic volcanic rocks

in Lixian, Gansu province
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Table 1

Representative whole rock chemical composition

(%)

(%) . REE and trace elements(ug/g) of the carbonatites

2001 2002 2005 2007 2013 2015 2019
SiO, 13.28 1.47 23.62 11.49 2.72 2.02 21.1
TiO, 1.04  0.05 2 0.14 0.05 0.1 1

AL O; 2.8 0.4 5.18 2.98 0.54 0.46 5.22
Cr, 03 0.02 0 0.03 0.0l 0.0l 0.0l 0.03
Fe, Oy 3.69  0.29 5.88 0.14 0.12 0.06 2.9

FeO 0.17 0.13 1.3 0.35 0.23 0.23 0.17
MnO 0.05 0.03 0.15 0.08 0.04 0.01 0.02
NiO 0.03 0.0l 0.04 0.01 0.0 0.0l 0.02
MgO 1.83 0.2 6.31 0.56 0.37 1.4 2.6l
CaO 41,49 54.16 28.77 46.21 53.49 53.26 34,67
K. O 0.03 0.16 0.27 0.89 0.21 0.05 0.54
Na,O 0.01 0.04 0.27 0.05 0.03 0.2 0.34
P,0; 3.76 0.04 1.18 0.03 0.03 0.2 0.34
CO, 29.36 42.55 20.8 36.32 41.56 42.1 26.05
H,0 2,13 0.32 3.82 1.21 0.4 0.45 3.35
Tatal 99.75 99.85 99.64 100.47 99.81 100.43 98.27
Mg? 0.93  0.93 0.96 0.97 0.96 0.99 0.96
Mg/Ca 0.06 0.05 0.31 0.02 0.0 0.04 0.1

Al/Si 0.25 0.32 0.24 0.31 0.23 0.27 0.29
K/Na 1.99 2.61 0.66 11.66 4.64 0.47 1.54
La 50.38 3.68 86.03 7.77 3.82 4.75 19.89
Ce 67.77 4.36 127.8 18.61 5.19 6.17 31.68
Pr 9.94 0.62 17.3 2.19 0.87 0.85 5.28
Nd 36.3  2.29 63.1 6.81 2.79 2.62 18.1
Sm 6.13 0.44 10.54 1.33 0.52 0.62  3.46
Eu 1.78 0.09 3.16 0.29 0.1 0.12 1.08
Gd 4.95 0.34 846 1.24 0.39 0.35 2.92
Th 0.69 0.06 1.2 0.19 0.06 0.05 0.4
Dy 309 0.3 4.99 1.03 0.3 0.2 1.9
Ho 0.57 0.06 0.87 0.22 0.06 0.04 0.33
Er 1.26 0.16 1.8 0.55 0.14 0.09 0.8
Tm 0.16 0.03 0.25 0.08 0.02 0.01 0.11
Yb 0.81 0.13 1.1 0.47 0.11 0.05 0.57
Lu 0.11 0.02 0.15 0.07 0.02 0.0l 0.08
Y 15.6 1.99 22.2 6.05 1.71 0.85 9.84
SREE 200 14.6 349 46 16.1 16.8 96.3
LREE/HREE  5.88 3.58 6.9 3.95 4.55 8.43 1.68
Rb 3 3 16.6 27.9 3 3 40.8
Sr 421 100 562 147 232 261 393
Ba 124 55 1670 119 90 314 13760
Zr 148 28.3 256 48.8 21.7 32  7L.5
Hf 1.6 0.6 3.2 1 0.7 0.5 1.76
Cd 0.2 0.2 0.2 0.2 0.2 0.1 0.09
Cs 37 55 30 19 55 55 27.4
Ga 1.3 1 1 1 1 1 1.1

Nb 51 4.6 784 4.6 3.5 56 258
Ta 0.5 0.5 3.5 0.5 9.5 0.5 1.2
Se 5.7 1 6.9 2.8 0.9 1 4.9
Se 0.06 0.03 0.07 0.06 0.06 0.04 0.05
Th 4.2 1 7.6 2.6 1 1 4.8
U 41 0.7 25 1.6 0.9 1.5 2.8
Pb 11.6 12.2 52 6.4 10.1 1.9 7.9
Co 20,4 6.5 40.6 9 5.4 5.4 27,9
Y 5.7 16.7 77.3 22,9 13.5 12 32

F 36.3 162 1135 249 148 184 732
Ba/Sr 0.29 0.55 2.97 0.81 0.39 1.2 35.02
Ba/La 2.46  14.95 19.41 15.32 0.39 66.11 691.8
La/Yh 62.2 28.31 0.01 0.06 0.03 0.01 0.03
Th/U .02 1.42 3.04 1.63 1.11 0.67 1.71
Nb/Ta 102 92 22,4 9.2 0.37 1.2 21.5
Zr/Nb 2.89 6.15 3.27 10.61 6.2 571 2.77

. 2001- ; 2002-
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Samples: 2001-white volcanic mud ball ; 2002-light purple-red dense
carbonatite (rejected the late calcite vein ); 2005-black brown fine
lapilli; 2007-light grey-red tuff; 2013-light yellow dense carbonatite
(rejected the late calcite vein); 2015-light yellow calcite carbonatite

filling in between lapillis; 2019-carbonatite ball,
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Fig. 2 Chondrite-normalized REE pattern for the carbonatites
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Table 2 Representative C, O isotopic composition of the carbonatites(%;)

2001 2002 2005 2007 2013 2015 2019
3% Cop —9.33 —4.26 —7.53 0.70 —8.14 —2.79 —0.51 0.71 —9.40 —9.58 —8.60 —8.74
88 Osmow 20. 55 19. 68 14.74 16. 17 19. 80 19.99 12.59 16. 34 19. 37 20. 26 20.58 20. 55
1
Notes: Numbers and features of the samples same to table 1.
ID) B
(Wyllie et al. , 1976a; Eggler, 1978); 2)
CO, (Kjarsgaard et al. ,
1988, 1989a, 1991, 1995; Lee 1996, 1997a); 3) CO,
(Otto et al. , 1993, ) . s (1) ,
, Fort
Portal s
N s (2) N
(Lee etal., 1998), . .
, SiO, Mg/Ca . / .
s (3
b / o
/ o Sr.Nd.Pb ,
9 / 9’ (
( ) (Nelson et
) ( / ) al., 1988), , Sr.Nd.Pb o
(Nelson et al. , 1988),
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1. Tuff (or ignimbrite white)and volcanic mud ball(brown)

2. Carbonatite apophysis inserted in kamafugite

w

Vitric fragment with bow, curved moon and sickle shape (recrystallized)and clinopyroxene in tuff and
ignimbrite

Carbonatite with a zoned structure containing the lapillis have already weathered

Calcite growing around the breccia in the volcanic mud ball

There are different recrystallization degree in the lava

A ocellar containing calcite and clinopyroxene in the kamafugite

o NN oy Ul

A kamafugite lapilli contained by carbonatite
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