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Geochemical characteristics of the bimodal volcanic rocks in Upper Carboniferous
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Abstract: The bimodal volcanic rocks of Upper Carboniferous Yishijilike Formation from the Tekes Daban area in
Yining landmass consist mainly of basalts and rhyolites. Their SiO, values range from 47.13% to 77.72%, and ex-
hibit a gap of SiO, between 53.62% and 72.15%, displaying a typical bimodal geochemical affinity. The LA-1CP-
MS zircon U-Pb ages of rhylites yielded an age of 302.8 +3.6 Ma, suggesting that these bimodal volcanic rocks
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were formed at the beginning of Late Carboniferous. Basalt samples have SiO, values of 47. 13% ~53.62% , with
high Fe,O0,( TFe, 0, being 10. 90% ~ 17.40%) and MgO (3.74% ~10.12%, high Na
(2.84% ~6.69%) and low K (0.48% ~3.77%) values. The basalts are obviously enriched in light rare earth
elements and depleted in heavy rare earth elements [ (La/Yb) y =1.58 ~4.94]. In contrast, the rhyolites samples
have SiO, values of 72. 15% ~77.72% , high K (6.12% ~9.48%) and low Na (0.40% ~2.39%) concentra-

tions.

6.48% on average),

Compared with the basalts of bimodal volcanic rocks, they show significant depletion of Ba, Sr, P, Ti ele-
ments, obvious enrichment of light rare earth elements and relative depletion of heavy rare earth elements. They ex-
hibit strongly negative Eu anomaly (8Eu =0. 18 ~0.44) and geochemical characteristics of A2 type granites. In ad-
dition, the basalts have high values of Mg”, Co, Cr, Ni, with gNd(7) of basalt samples being 3. 45 and 3. 55.
These features indicate that basaltic magmas were derived from partial melting of a depleted mantle source. The
thyolites of the Yishkilike Formation have low Mg" and positive eHf(#) values, suggesting that their formation was
related to crustal melting during the process of basaltic magma underplating. Combined with the two-stage Hf model
ages, it is suggested that the rhyolite source may be related to the reworking of Proterozoic metamorphic basement.
These geochemical characteristics together with structural tectonic discriminant diagrams show that the bimodal vol-
canic rocks of the Yishijilike Formation were formed in a post-orogenic extensional environment with intraplate ge-
netic characteristics. The discovery of the typical bimodal volcanic rocks provides important information for further
study of the Carboniferous tectonic evolution in Yining landmass.

Key words: bimodal volcanic rocks; geochemical characteristics; Yishijilike Formation; Tekes Daban; Yining
landmass
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Fig. 1

Geological sketch map of Tekes Daban area in Yining landmass
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Fig. 2 Ceological section of Yishijilike Formation in Tekes Daban and location of the sample
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Fig. 3 Macroscopic (a, b) and microscopic (¢, d, e, f) photos of basalts and rhyolite from Yishijilike Formation
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Table 2 The concentrations of major (w,/ %) and trace elements (w,/10 °) of volcanic rocks from Yishijilike Formation

Ealca WMECH
Eas) SF1-1 SF1-3 SF1-5 SF17 SF1-9 SF1-11 SF2-1 SF2-5 SF2-7
Si0, 75.59 74.75 74.47 74.73 75.26 75.59 76.77 77.72 76.17
Ti0, 0.20 0.19 0.19 0.21 0.18 0.23 0.20 0.18 0.19
AL, 0, 12.09 12.14 11.88 12.69 11.62 11.77 12.29 11.47 11.94
TFe, 0, 2.51 2.63 3.03 1.98 3.35 3.17 1.16 1.41 2.23
MnO 0.02 0.04 0.04 0.01 0.04 0.04 0.00 0.01 0.02
MgO 0.30 0.36 0.45 0.21 0.36 0.46 0.09 0.01 0.08
Ca0 0.22 0.20 0.96 0.51 0.22 0.99 0.17 0.14 0.38
Na, O 2.23 1.13 1.97 2.02 1.50 1.61 1.52 1.63 2.39
K,0 6.82 8.53 7.00 7.60 7.47 6.12 7.79 7.39 6.57
P,0; 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.03 0.03
LOI 0.84 0.73 1.38 0.89 0.85 2.77 0.67 0.43 0.62
TOTAL 99.28 99.41 99.86 99.21 98.22 100. 10 98.91 98.61 99. 11
Na, 0/K,0 0.33 0.13 0.28 0.27 0.20 0.26 0.19 0.36 0.09
Mg* 19.39 21.52 22.62 17.58 17.53 22.38 13.52 6.72 4.59
AR 6.55 8.23 5.62 6.38 7.26 4.08 6.90 6.33 9.74
Li 9.43 11.07 13.52 7.85 16.77 28.04 6.80 3.22 6.55
Be 4.58 3.69 2.81 3.98 3.39 3.65 2.46 2.07 3.30
Sc 3.52 3.98 3.87 0.77 4.06 5.23 2.40 1.36 2.18
v 6.81 7.21 14.87 7.62 10. 09 7.50 4.14 4.63 9.54
Cr 0.40 0.41 0.84 3.73 0.36 2.56 0.27 0.76 0.76
Co 0.83 1.39 1.67 0.84 1.26 1.04 0.66 0.22 0.65
Ni 0.47 0.55 4.42 0.89 0.97 1.64 0.55 0.50 0.80
Cu 2.05 12.15 5.64 10.03 11.03 6.48 71.96 16.34 20.35
Zn 12.53 17.27 28. 11 7,14 37.27 19.57 4.61 1.66 5.87
Ga 38.65 43.45 39.92 35.05 41.87 35.40 40. 66 28.21 36.16
Rb 217.80 259.50 218.54 220.67 248.93 177.63 250.92 195.36 167.51
Sr 61.63 45.05 3.54 42.91 53.09 71.89 36.66 22.10 42.63
Y 64.26 41.40 30.36 21.04 38.62 90. 50 17.24 6.16 30.29
Zr 308.24 337.55 329.32 366.58 316.45 357.71 347.72 322.60 307.03
Nb 21.53 21.54 21.72 23.27 21.48 25.34 23.30 21.05 20. 63
Mo 0.83 2.36 2.37 0.58 3.28 1.24 1.23 1.15 2.40
cd 0.43 0.40 0.42 0.46 0.56 0.65 0.40 0.35 0.34
Ba 448.16 506.33 470.85 399.96 488.80 356.73 506.86 321.47 435.02
La 36.91 38.97 33.68 16. 80 40.57 81.48 25. 14 4.70 26.60
Ce 80.23 84.83 62.96 34.38 87.12 173.33 56.47 22.90 61.65
Pr 10.08 9.99 7.57 4.55 10. 60 19.84 5.85 1.16 7.20
Nd 41.11 39.94 28.21 18.79 39.58 73.54 21.62 4.49 29.17
Sm 9.85 3.64 5.77 4.12 7.78 14.46 4.12 0.96 6.36
Eu 0.73 0.67 0.53 0.41 0.65 0.91 0.46 0.18 0.56
Gd 10.73 8.39 5.34 4.34 7.35 15.34 4.04 1.10 6.34
Th 1.86 1.30 0.91 0.75 1.20 2.54 0.64 0.17 1.03
Dy 12.00 8.18 6.10 4.76 7.76 16.20 4.12 1.14 6.43
Ho 2.73 1.90 1.44 1.10 1.85 3.78 0.96 0.28 1.45
Er 7.37 5.38 4.28 3.03 5.39 10.30 2.72 0.86 4.05
Tm 1.14 0.89 0.74 0.49 0.93 1.56 0.42 0.14 0.64
Yb 7.23 5.93 5.25 3.11 6.40 9.79 2.78 0.98 4.08
Lu 1.09 0.93 0.81 0.50 1.01 1.48 0.43 0.16 0.63
Hf 10.13 10. 62 10.01 11.00 9.88 11.18 10.90 9.68 9.21
Ta 1.50 1.50 1.46 1.40 1.48 1.72 1.56 1.41 1.39
Pb 2.81 8.08 16. 63 8.71 69.87 4.73 24.37 2.31 2.34
Bi 0.21 0.10 0.05 0.76 0.28 0.16 0.23 0.27 0.35
Th 22.32 22.58 21.00 10.10 21.53 24.56 20. 68 8.33 15.68
U 7.57 6.65 8.59 4.57 9.49 6.74 5.67 3.91 4.62
K 28287.79  35410.42 29034.83  31530.21 30985.42 25412.51 32316.27 30687.51 27 262.16
P 22.16 22.10 22.15 66. 55 22.40 22.41 22.20 66. 64 66. 43
Ti 1218.00  1154.29  1156.63  1280.46 1 108.25 1355.08  1220.48  1099.10  1156.51
S REE 223.05 215.93 163.59 97.12 218.19 424.55 129.78 39.24 156. 19
(La/Yb) 3.66 4.71 4.60 3.88 4.55 5.97 6.48 3.45 4.68
3Eu 0.22 0.24 0.29 0.30 0.26 0.18 0.34 0.27 0.25
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Continued Table 2-1
ik WMECH EyTiw e
e SF2-9 SF2-11 SF2-13 SF2-15 SF2-19 SF14 SF1-6 SF1-8 SF1-10
Si0, 76.95 75.35 75.73 72.15 77.56 51.79 51.34 47.29 48.53
TiO, 0.17 0.18 0.19 0.21 0.17 2.04 1.67 2.26 1.77
Al, Oy 11.10 11.64 12.21 13.33 10. 66 16.04 16.20 19.20 15.87
TFe, 04 2.34 2.72 1.22 3.01 2.53 12.95 14.10 13.46 13.99
MnO 0.01 0.01 0.02 0.05 0.01 0.43 0.34 0.47 0.33
MgO 0.12 0.03 0.04 0.19 0.23 6.82 7.60 10.12 9.06
CaO 0.37 0.17 0.88 0.38 0.20 3.44 2.33 3.21 4.65
Na, O 1.20 0.40 1.74 1.51 0.87 5.81 5.64 2.84 4.47
K,0 7.74 9.48 7.95 9.14 7.75 0.48 0.62 0.91 1.20
P, 05 0.01 0.01 0.01 0.02 0.02 0.20 0.17 0.25 0.14
LOI 0.61 0.51 0.97 0.80 0.58 5.16 5.73 10.73 4.56
TOTAL 99.09 99.10 99.09 99.20 99.93 99.50 99.58 100. 12 99.60
Na, 0/K,0 0.15 0.04 0.22 0.17 0.11 12.18 9.12 3. 14 3.73
Mg“ 9.36 2.17 6.19 11.28 15.36 51.03 51.62 59.83 56.18
ARCS) 8.07 11.20 6.71 7.96 8.68 4.49 4.69 3.28 5.82
Li 6.72 4.47 5.21 0.85 6.10 50.99 60.77 100. 30 103.29
Be 3.05 3.16 3.55 4.73 2.59 2.72 2.89 4.26 0.74
Sc 2.49 2.54 2.02 3.26 2.88 43.81 31.91 31.17 32.32
A% 4.88 3.48 6.07 21.16 2.39 309. 14 241.66 217.80 252.14
Cr 0.47 0.51 0.59 2.41 0.30 161.36 140.78 29.48 194.57
Co 0.85 0.44 0.46 4.95 0.80 35.96 34.72 47.16 49.16
Ni 0.57 0.55 0.87 2.70 0.58 47.29 86.60 95.55 137.47
Cu 23.56 11.35 23.65 55.56 9.25 114.05 78.85 108.76 14.47
Zn 6.03 5.46 3.68 6.40 7.45 239.83 243.81 1087.15 199.67
Ga 39.40 35.55 43.00 45.04 37.15 30.06 25.17 35.42 48.97
Rb 202.30 249.26 199.52 220.33 208.13 35.68 42.40 60. 87 50.75
Sr 28.09 17.55 37.49 39.98 20.80 226.73 217.70 207.09 541.20
Y 22.68 29.42 22.65 43.25 48.25 90.93 91.18 92.47 28.22
Zr 310. 83 334.06 330. 15 323.90 290.96 139.56 122.09 126.66 100.27
Nb 20.07 21.08 20.03 20.16 19.69 4.09 4.77 3.00 3.47
Mo 0.76 1.36 0.47 0.74 0.83 0.58 1.59 0.89 0.39
Cd 0.33 0.37 0.36 0.36 0.31 0.57 0.26 0.54 0.29
Ba 483.84 427.55 556.60 571.10 436.32 78.57 99.07 66.24 615.87
La 17.91 52.14 12. 66 38.39 32.50 21.58 32.34 21.50 11.45
Ce 41.77 130.32 34.92 106.79 84.85 47.10 71.30 43.64 24.83
Pr 4.76 14.46 3.52 10.62 9.03 7.07 10.19 8.39 3.50
Nd 19.87 57.57 14.66 42.89 34.70 34.71 46.10 42.24 16.88
Sm 4.53 11.02 3.55 10. 16 7.40 9.30 12.95 11.00 4.47
Eu 0.59 0.62 0.54 0.97 0.60 1.89 1.40 2.06 1.76
Gd 4.46 9.92 3.89 10.45 7.71 13.21 15.78 14.56 5.37
Th 0.70 1.28 0.69 1.64 1.31 2.08 2.67 2.20 0.84
Dy 4.32 6.78 4.63 9.39 8.62 12.92 15.99 13.27 5.21
Ho 1.01 1.43 1.11 1.99 2.06 3.07 3.44 3.17 1.19
Er 2.81 3.74 3.26 5.31 5.79 7.65 8.13 7.86 3.10
Tm 0.45 0.56 0.54 0.83 0.94 0.97 1.05 1.01 0.45
Yb 3.01 3.57 3.69 5.39 6.19 5.28 5.63 5.53 2.84
Lu 0.48 0.54 0.56 0.81 0.97 0.82 0.81 0.84 0.43
Hf 9.31 10.07 9.86 9.82 8.84 3.62 3.34 3.30 2.73
Ta 1.36 1.42 1.40 1.43 1.33 0.26 0.32 0.22 0.23
Pb 13.05 4.44 4.13 21.08 13.84 58.48 32.53 167.67 27.30
Bi 0.12 0.04 0.16 0.50 0.25 0.03 0.23 0.01 0.05
Th 15.18 22.00 14.37 19.26 18.48 0.70 2.32 0.35 0.61
U 3.95 7.20 3.97 4.25 4.47 1.88 3.82 4.39 0.46
K 32 111.09 39 357.44 32 990.22 37915.14 32 164.07 1979.54 2564.73 3760.49 4 977.90
P 22.15 22.12 22.23 44,33 43.91 439.25 371.83 536.77 298.33
Ti 1 034.88 1 094.53 1 160. 87 1 279.42 1025.82 12 200.98 10 028.93 13 547.26 10 597.22
> REE 106. 66 293.95 88.22 245.62 202. 66 167.63 227.78 177.29 82.32
(La/Yb) 4.27 10.48 2.46 5.11 3.77 2.93 4.12 2.79 2.89

dEu 0.40 0.18 0.44 0.29 0.24 0.52 0.30 0.50 1.10
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Continued Table 2-2
Bk ZiH
ks SF2-2 SF24 SF2-6 SF2-8 SF2-10 SF2-12 SF2-14 SF2-16 SF2-18
Si0, 47.13 52.49 50.88 50.23 50.04 51.57 53.62 53.35 48.97
TiO, 3.51 2.03 2.76 2.51 2.77 1.99 2.15 2.88 3.15
Al, Oy 13.19 16.62 14.26 14.72 15.94 15.80 16.25 13.62 14.92
TFe, 05 17.40 12.12 15.68 17.12 13.37 13.43 10.90 14.14 17.30
MnO 0.98 0.48 0.82 0.31 0.63 0.70 0.83 0.76 0.58
MgO 5.28 6.58 5.15 5.34 4.15 7.34 6.83 3.74 6.26
CaO 6.36 1.12 2.99 2.27 6.65 1.95 1.36 3.60 1.09
Na, O 4.34 4. 60 5.56 5.41 4.51 5.72 6.69 5.00 4.02
K,0 1.25 3.77 1.73 1.91 1.24 1.31 1.10 2.04 3.34
P, 05 0.54 0.19 0.17 0.19 0.70 0.19 0.26 0.86 0.37
LOI 4.56 2.78 4.71 3.46 4.26 2.72 4.61 5.29 2.61
TOTAL 99.25 99.23 99.52 98.03 98.43 98.07 98.80 99.98 100. 37
Na, 0/K,0 3.46 1.22 3.22 2.83 3.63 4.39 6.08 2.45 1.21
Mg“ 37.51 51.80 39.42 38.20 38.05 51.98 55.39 34.36 41.74
d 7.58 7.38 6.73 7.40 4.71 5.76 5.72 4.79 9.07
Li 37.77 53.83 20.88 23.52 19.59 47.11 36.62 17.32 38.11
Be 1.44 1.61 1.66 3.01 2.03 1.05 1.73 2.59 1.32
Sc 59.26 33.41 45.81 47.75 35.62 40.26 40.33 31.68 41.59
\% 431.04 274.90 364.06 367.65 233.33 298. 85 286.36 170. 44 350.89
Cr 95.04 137.39 18.91 15.12 16.92 111.57 158.70 13.56 13.24
Co 45.54 39.28 40. 80 48.46 25.79 36.69 36.46 24.78 40.12
Ni 27.17 29.57 18.31 16.32 12. 84 40.71 28.23 7.94 16.67
Cu 171.59 66.79 155.85 145.37 164.37 66.75 136. 67 150. 64 138.39
Zn 128.11 189.23 159.47 155.62 93.89 171.99 183.28 86.53 267.58
Ga 35.55 135.82 34.73 39.37 37.56 30.41 35.18 34.77 43.39
Rb 51.94 67.02 43.03 50.97 39.78 46. 84 29.20 39.47 45.02
Sr 432.28 213.03 178. 65 150. 80 328.26 218.62 172.45 232.56 112.15
Y 53.42 51.83 50.68 56.94 58.06 33.39 55.53 81.02 60. 86
Ir 236.21 152.37 182.03 167.55 281.28 121.67 145.92 368.46 207.90
Nb 6.75 12.80 6.30 5.66 9.58 4.08 5.59 15.51 7.39
Mo 1.04 0.98 0.86 1.38 0.80 0.96 0.97 0.90 1.11
Cd 0.29 0.16 0.21 0.19 0.35 0.14 0.16 0.56 0.22
Ba 269.63 1916. 45 217.25 234.21 257.37 170.26 161.50 207.69 284.37
La 12.84 16.58 19.87 32.31 19.72 14.79 19.96 29.77 27.85
Ce 37.75 36.65 45.56 65.36 53.08 32.95 45.09 75.38 57.59
Pr 5.88 5.20 6.23 8.13 7.79 4.50 6.71 10.99 8.04
Nd 29.76 24.51 29.16 36.27 37.36 21.38 32.64 51.57 36.52
Sm 8.41 6.63 7.43 8.26 9.70 5.02 9.00 13.38 8.82
Eu 2.67 2.00 2.23 2.09 2.92 1.58 1.36 3.34 2.02
Gd 9.65 8.40 8.64 10.02 10.72 5.91 10.42 14.91 10. 46
Th 1.62 1.35 1.40 1.53 1.75 0.91 1.64 2.44 1.65
Dy 10.39 8.64 8.78 9.44 10.95 5.72 9.89 15.24 10.20
Ho 2.35 1.99 2.02 2.12 2.46 1.32 2.22 3.48 2.31
Er 6.18 5.20 5.24 5.43 6.43 3.50 5.79 9.21 5.98
Tm 0.92 0.75 0.76 0.77 0.96 0.51 0.83 1.37 0.86
Yb 5.83 4.51 4.71 4.69 6.03 3.18 4.96 8.59 5.23
Lu 0.87 0.68 0.70 0.70 0.91 0.49 0.73 1.31 0.80
Hf 6.03 3.91 4.79 4.45 6.96 3.26 3.78 10.41 5.47
Ta 0.40 1.55 0.37 0.33 0.54 0.25 0.31 0.93 0.42
Pb 60.81 4.68 165. 14 11.86 2.24 20.78 3.25 92.55 13.25
Bi 0.13 0.19 0.06 0.11 0.03 0.12 0.33 0.03 0.09
Th 1.33 1.69 1.67 1.56 2.66 1.12 1.29 5.00 2.08
U 0.72 1.58 0.81 1.35 0.82 0.74 1.54 1.46 1.37
K 5205.25 15 630.55 7 171.56 7 922.04 5 159.86 5417.29 4571.17 8 481.57 13 851.09
P 1175.62 415.34 363.27 418. 66 1526.77 420.05 559.77 1 881.52 816.59
Ti 21 066.70 12 177.74 16 538.36 15 024.26 16 598. 84 11 930.99 12 886.27 17 239.40 18 854.62
Y REE 135.11 123.08 142.75 187.13 170.79 101.75 151.24 240.97 178.35
(La/Yb) 1.58 2.64 3.02 4.94 2.35 3.34 2.88 2.49 3.82
dEu 0.90 0.82 0.85 0.70 0.87 0.89 0.43 0.72 0.64

H: TFe, 0 FRAH; LOT J ek 5 Mg® = Mg®* /(Mg?* + Fe?* ); AR = (AL, O; + CaO + Na,O + K,0)/(Al,0; + CaO — Na,O - K,0);
8 =(Na,0 +K,0)%/(Si0, —43); (La/Yb)y AERKI B A brAEAL LA ; 8Eu = Fuy/(Smy x Gdy ) 25 br#EALAE S| [ Boynton (1984)
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*3 FHEERAANDE Sr-Nd B3 LLEFHE

Table 3 LA-ICP-MS zirzon Sr-Nd isotopic analyses of volcanic rocks from Yishijilike Formation

FEdh 5 1 S Rb/% sr 57 8r/% S (75/%8n), 47Sm/ ! Nd WN/MNd CPNIMND; eNd(o)
SF2-1 WECE 1.381 1743 0.708 373 0.702 3 0.154 6 0.512 700 0.512 386 2.88
SK2-2 KIEH 0.1299723  0.706 320 0.705 8 0.1653 0.512 758 0.512 431 3.55
SF24 ZlE 0.1121719  0.705 858 0.705 4 0.163 8 0.512 758 0.512 426 3.45

WU AR RE 5 CSF2-1) 185 47 J5 A7 Lu-HE [
P MR E R (R 4) WoR, K2 HUE A 107 Lu/' HE
/8T 0.002, 35 B 7 Lu AR A O HE B2, BT
e 7 ue /177 A AH A BAAR 3R % B A T R T
TOHE/"HEH ( Knudsen et al. , 2001; Kinny, 2003;
B HAREE, 2007; A ICEE, 2007 )0 FEESEE AL
fLu/Hf “F-3¥I{E R - 0. 96, B 8 /N T 852k i b v (1
FiwC —0.34; Amelin et al. , 1999 ) FUEEE il 575 1)
Sfrww( =0.72;5 Vervoort et al. , 19991, Kbt — B B
PR W8 B A sz e LY DX 40 I A 5 45 2 o B
I} 1a) o 7O HE/ T HE = 0. 282 702 ~ 0. 282 805, eHf (1) i
AR RNT0C-1.1~ +8.3), 5 liaaFb
B EHSETE e BT AT — B OB AR Ce D)
1 Bt AR W8 ey, ) 39 KT 302, 8 Ma, 36 B 4%
AR KA =, B4 HE AL 2 38 R M 8UH
ST T I A AR I ), 3R WAk L S 2 X0 5
KA RS YR X W] B8 55 70 7w A8 T4 v 2k
A K

5 Wi

51 X XLEMREA

AR X0 2 PR R ERTATL ) = 2247 9
MR — EIRECE M X BoE B A LR R IR BEa R
WMECE Je 2 2R TUE K4 o 5 AE T B, e
HA /& a8 A 52 % B i A\ C Grove and
Donnelly-Nolan, 1986; MacDonald, 1987 ). X ff =k
AR X e AR S80S — i B A AL Sl B e 3R
1 Nd [F) 47 Z ¢ 1iEC Brouxel et al. , 1987; Hochstaedt-
eret al. , 1990; Geist et al. , 1998) . 7 — Ml i 4t

LA FVR SR K VAN R IR BEE 92, 110 Hs 35 o 4%
R J ) R L 2 0 BT R R b Al e e K
AR NS R, TP A R S 07 X B S0 H H
T AR I 5 b 20 A B K1Y 2 (Hildreth, 19815 Doe et
al. » 1982; Davies and MacDonald, 1987; Huppert and
Sparks, 1988) . HI T IX R ENE 7 SRR 1 5 R U
ANTE], 2B A 2 2 R SO A6 B TG AT Sey N
Pb [FIf7 22 41 Al A 1R K 22 5% ( Doe et al. , 1982;
Davies and MacDonald, 1987; D534, 1999) .
5.1.1 XA RN

By v TR IR A T B s A X A R A I
KB T 2647 70 % CLILE) MM - 70 & (LREE),
G5 G & (HFSE) , Nb Ta ()75 5358 W1 il 2
A 52 B T it 5 R VR A T Bl 2 e T AL X
(L ER b 25 1 e AR AN K IR A 7 32 LAl La/
Sm fH(1.53 ~3.91) KA, HFe ik G 1F 755 2R A
R AN K Ci] B 22 A 0SS VR S 1E D, BRItk
FLT0 3 Bk AL 2R A B S e 7 LR DX Hh R 4K 2
PETCXIIE,2014) o 2 FF S AT AR = i Mg
CrCo.Ni i, 3 HH eNdC() M N 3.45.3.55, 454
Nb — Zr EIECE 9D, R B I 5L e 41 2 50 SR U3
T Hihig .
5.1.2 W8 A A

WECE FA B 1 Si0,.K,0 + Na, 0 AL I
TiO, \MgO.P,05.TFe,0, ¥ &, fE/ L IC H M Kl |
HI R Bu 598, fEE TS R b LB bR oR il
Ba.Nb.Ta.Sr P Ml Ti 541, 55 A BAE X 5 HATH
U ER A 22 R IE CHR I SE, 2012a, 2012b) . T
FESAE Zr — Ga/Al B EXI¥AE A RIAE B 4 X (I
100 . WRECA AT Si0, FZAKI MgO & &, £ W
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Table 5 A comparison of the volcanic rocks of Yishijilike Formation with the typical intraplate volcanic rock
(after Li Yongjun et al. , 2015)
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w(Th)/w( Ta) >1.6 >1.6 >10 1.64 4~10 S K 3.98
w(Nb)/w(Zr) 0.04 ~0.15 >0.15 >0.04 >0.04 >0.04 >0.15 0.04
w(Th)/w(Nb)  0.11 ~0.67 0.11 ~0.67 0.11 ~0.67 0.11 ~0.27 0.27 ~0.67 <0.11 0.25
w(La)/w(Nb) >1.1 >1.1 >2 1.1~2 1.1~2 <1.1 3.81
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Fig. 12

Tectonic discrimination diagrams of basalts from Yishijilike Formation (a after Wood, 1980; b after Meschede, 1986;

¢, after Pearce et al. , 1977)
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