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Geochemical characteristics and zircon U-Pb dating of Nayixiong Formation
volcanic rocks from Northern Qiangtang-Qamdo landmass
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Abstract: Upper Permian Nayixiong Formation volcanic rocks from northern Qiangtang-Qamdo landmass of the Ti-
betan Plateau have many geochemical characteristics and zircon U-Pb dating data. The main volcanic rocks are ba-
salt, andesite-basalt, andesite, rhyolite, tuff, which have the characteristics of alkaline basalt to acidic rhyolite.
The result of the geochronologic study of zircon U-Pb dating data shows that the volcanic eruption ages vary from
251.1 £4.8 Ma t0249.6 £ 1.3 Ma. Geochemical characteristics show that the rocks are characterized by high SiO,
(74.85% ~7T77.55%) and Na,O + K,0(5.40% ~6.61%), low MgO, K,O and CaO as well as low and stable
Al,O; content. The average Rittmann index of the rhyolite is 1. 15, less than 3. 3. The lithochemistry feature shows
that the rhyolite belongs to the calc-alkaline volcanic rocks. Main element features of the andesite show that the
Si0, content is 55.13% ~56.28% and the Na,O + K,O content is 4. 13% ~6.15% . The average Rittmann index
of the andesite is 2.20, less than 3.3. The lithochemical features show that the andesite belongs to the calc-alka-
line volcanic rocks. The content of the alkaline basalt is 51.49%, Na,O +K,0 is 6.34%, and the Rittmann index is
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4.73, which shows that the basalt belongs to the alkaline volcanic rock. In addition, the granodiorite body of Nyix-

iong Formation volcanic rocks belongs to aluminous-peraluminous series of enriched LREE. These volcanic rocks

are characterized by high LILE (Th, U) and LREE and obvious depletion of HFSE (Nb, Ta).

The geochemical

compositions of volcanic rocks belong to island arc volcanic rocks.
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Fig. 1 Geological sketch map of the sampling area (after Wenquanbingzhan District Team of Chengdu Institute of Geological
Survey, 2005 @)
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Fig. 3 The photos and sheet identification of the sampling strata in the field
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Fig. 4 Zircon CL images and U-Pb concordia diagrams of BO1 rhyolite sample
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Table 1  U-Th-Pb composition of the zircons from B01 rhyolite sample
wp/ % FfrFE A £ 1o [F) £ 2R 4F 6%/ Ma
s, Th/U
Th U 206 Pb 207 Pb 208 Pb 206 P]’)/238 U 207 Pb/235 U 207 Pb/ZOG Pb 206 Ph/238 U
1 12.12  61.23 8.33 0.68 0.77 0.1979 0.0377+0.0005 0.3058 +0.0194 0.011 7 +0.000 1 238 +3
2 8.51 54.57 7.30 0.46 0.45 0.1559 0.0383 +£0.0006 0.2962 +0.0157 0.012 3 +0.000 4 242 +3
3 9.76 63.29 8.26 0.49 0.53 0.1542 0.0383 +£0.0006 0.286 6+0.0154 0.0125 +0.000 4 242 +3
4 11.89 76.04 10.36 0.59 0.66 0.1564 0.0402+0.0006 0.2823+0.0141 0.0135+0.000 4 254 +3
5 11.06  70.20 9.32 0.57 0.59 0.1575 0.0383 +0.0006 0.2856+0.0147 0.0122 +0.000 4 242 +3
6 11.68  73.19 9.93 0.64 0.68 0.1596 0.0394+0.0006 0.2918+0.0196 0.0123 +0.000 1 249 =4
7 11.19  74.97 10.02 0.57 0.61 0.1493 0.0385+0.0005 0.2764+0.0130 0.0125 +0.000 4 244 +3
8 11.36  76.51 10.30 0.63 0.57 0.1485 0.0382+0.0005 0.2958 +0.0122 0.011 7 +0.000 3 241 +3
9 61.00 203.03 26.90 1.53 3.06 0.3004 0.0390+0.0004 0.2805=+0.0092 0.011 8 +0.000 2 247 +3
10 13.20  56.63 8.33 0.72 1.02 0.2331 0.0403 £0.0005 0.4192+0.0159 0.016 5 +0.000 4 255 +3
11 11.01  63.02 8.68 0.49 0.58 0.1747 0.0400+0.0006 0.286 8 +0.0149 0.012 4 +0.000 4 253 +4
12 21.13  92.20 12.40 0.71 1.08 0.2292 0.0384+0.0005 0.2740+0.0113 0.011 9 +0.000 3 243 +3
13 15.77  84.72 11.74 0.71 0.85 0.186 1 0.0396+0.0005 0.3027 +0.0122 0.0125+0.000 3 251 +3
14 7.80 30.87 4.20 0.24 0.41 0.2527 0.0399+0.0008 0.3058+0.0241 0.013 2+0.000 5 252 £5
15 13.10 78.66  10.51 0.60 0.72 0.1665 0.0390+0.0006 0.2839+0.0147 0.0129 +0.000 4 246 +4
16 10.43  64.25 9.20 0.77 0.83 0.1623 0.0395+0.0006 0.287 6+0.0183 0.0124 +0.000 1 249 +4
17 10.84 67.11 9.38 0.54 0.56 0.1615 0.0405+0.0006 0.2885=+0.0158 0.0122 +0.000 4 256 +4
18 13.53  79.18 11.25 0.63 0.74 0.1709 0.0402 +0.0005 0.2808 +£0.0119 0.012 5 £0.000 3 254 £3
19 10.91  72.94 10.13 0.59 0.61 0.1496 0.0400+0.0005 0.2956+0.0129 0.0127 £0.000 4 253 +3
20 24.92  131.85 18.28 1.06 1.40 0.189 0 0.0398+0.0005 0.2893+0.0099 0.0132 +0.000 3 251 =3
21 9.33 61.94 8.76 0.45 0.52 0.150 6  0.0402+0.0006 0.2595+0.0135 0.0127 +£0.000 4 254 +3
22 9.04 60. 83 8.33 0.46 0.49 0.1436 0.0393+0.0006 0.2743+0.0147 0.012 6 +0.000 4 248 +4
23 16.13  79.88 11.12 0.63 0.84 0.2019 0.0396+0.0005 0.2872+0.0129 0.012 1 +0.000 3 250 +3
24 8.60 55.58 7.76 0.43 0.46 0.1547 0.0399+0.0006 0.277 6 £0.0152 0.012 4 +0.000 4 252 +4
25 8.30 58.12 7.87 0.46 0.44 0.1428 0.0389+0.0006 0.2827 +0.0150 0.0122 +0.000 4 246 +4
26 8.88 59.68 8.15 0.47 0.47 0.1488 0.0392+0.0006 0.2875=+0.0141 0.0122 +0.000 4 248 +3
27 13.38 71.53 10.15 0.57 0.76 0.1871 0.0405+0.0005 0.2920+0.0135 0.013 1 +0.000 4 256 =3
28 14.82  48.55 6.64 0.38 0.80 0.3053 0.0391+0.0006 0.2833+0.0169 0.0125 +0.000 3 247 +4
29 10.14  59.63 8.85 0.95 1.05 0.1700 0.041 4 +0.0006 0.5330+0.0199 0.022 6 +0.000 6 261 +4
30 9.64 69.04 9.59 0.55 0.54 0.1396 0.0398 +0.0005 0.2867 +£0.014 1 0.0127 +0.000 4 251 +3
31 12.56  79.00 11.37 0.62 0.72 0.1590 0.0409+0.0005 0.2791+0.0121 0.013 1 +0.000 4 258 +3
32 11.55 74.84 10.48 0.56 0.63 0.1543 0.0400+0.0005 0.264 0+0.0127 0.0125 +0.000 4 253 +3
33 6.79 45.36 6.27 0.31 0.37 0.1497 0.0397+0.0006 0.2435+0.0186 0.0126 +0.000 5 251 +4
34 8.65 58.85 8.12 0.48 0.49 0.1470 0.0398 +£0.0006 0.3008 +0.016 6 0.013 3 +0.000 5 252 +4
35 11.93  73.43 10.34 0.67 0.69 0.1625 0.0402+0.0006 0.3028 +0.0173 0.0126 +0.000 1 254 =3
36 8.77 56.06 8.09 0.46 0.50 0.1564 0.0411+0.0006 0.2884+0.0155 0.0133+0.000 4 259 +4
37 51.02 185.24 26.56 1.55 2.84 0.2754 0.0404 +0.0004 0.296 3 +£0.008 0 0.012 6 +0.000 2 255 £3
38 45.95 150.54 21.06 1.31 2.58 0.3052 0.0395+0.0005 0.2940=+0.0147 0.0123 +0.000 1 250 +3
39 8.09 56.41 7.80 0.46 0.42 0.1434 0.0396 +0.0006 0.2953 +£0.016 0 0.012 1 +0.000 5 250 =4
40 12.72  76.04  10.65 0.57 0.71 0.1673 0.0402+0.0005 0.2725+0.0134 0.0129 +0.000 4 254 +3
41 13.23 82.56 11.63 0.67 0.73 0.1602 0.0403 +0.0005 0.2910=+0.0130 0.012 8 +£0.000 4 255 £3
42 44.98 161.71 22.47 1.42 2.54 0.2782 0.0397+0.0005 0.2942+0.0150 0.0124 +0.000 1 251 +3
43 10.57  69.31 9.79 0.58 0.61 0.1525 0.0407 +£0.0006 0.3039+0.0149 0.013 3 +0.000 4 257 +4
44 9.82 64.42 10.16 1.69 1.81 0.1524 0.0389+0.0006 0.2955+0.0206 0.012 1 +0.000 1 246 +4
45 19.82 90.14 12.70 1.14 1.36 0.2199 0.0391+0.0005 0.3392+0.0198 0.0120+0.000 1 247 +3
46 3.85 22.14 3.23 0.24 0.27 0.1739 0.0404 +£0.0009 0.2954 +£0.0326 0.0127 +0.000 3 255 +5
47 9.84 67.34 9.44 0.55 0.52 0.1461 0.0399+0.0006 0.2969 +0.0142 0.012 3 +0.000 4 252 +4
48 10.15  69.41 9.50 0.51 0.55 0.1462 0.0397 +0.0006 0.264 3 +0.0163 0.0129 +0.000 5 251 +4
49 12.31  66.49 9.25 0.56 0.68 0.1851 0.0403 +0.0006 0.3025=+0.0155 0.012 8 +0.000 4 255 +4
50 10.13  67.41 9.42 0.58 0.59 0.1503 0.0401+£0.0006 0.3112=+0.0153 0.0132+0.000 4 253 +4
51 9.35 64.39 9.14 0.53 0.51 0.1452 0.0403 +£0.0006 0.2931+0.0147 0.0125 +0.000 4 255 +4
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Continued Table 1
wy/ % FfZLE 10 [ 2 F 08/ Ma
8] Th/U
Th U 206 Pb 207 Pb 208 Pb 206 Ph/238 U 207 Ph/235 U 207 Pb/ZOG Pb 206 Ph/238 U
52 873 5470 7.66  0.44  0.47  0.1596 0.0403x0.0006 0.2820=0.0166 0.0124 =0.000 5 255 +4
53 9.81 64.06 8.92 0.52  0.53 0.1531 0.0402%0.0006 0.2984+0.0152 0.0125=0.000 4 254 +4
54 11.01 68.43 9.71  0.53  0.61 0.1609 0.0405+0.0006 0.2761+0.0151 0.012 8 +0.000 4 256 +4
55 11.15 75.18 10.02  0.57  0.59  0.1483 0.0388+0.0006 0.2785+0.0161 0.0124 +0.000 5 245 +4
56 11.18  63.52  8.68  0.49  0.63 0.1760 0.0397=0.0007 0.2900=0.0196 0.0139 =£0.000 5 251 +4
57 12.30  81.00 10.95 0.61  0.65 0.1519 0.0386+0.0005 0.2736+0.0140 0.012 3 +0.000 4 244 +3
58 8.59 59.96 8.37  0.47 0.47 0.1433 0.0396+0.000 6 0.2825+0.017 1 0.012 6 +0.000 5 250 +4
59  14.14 75.77 10.21  0.63  0.77 0.1866 0.0386+0.000 6 0.3008 +0.0180 0.013 3 +0.000 4 244 +4
60 24.40 62.23 8.8  0.78  1.64  0.3921 0.0387x0.0006 0.2548=0.0214 0.0123 =0.000 2 244 +4
61 13.18 64.75 8.78 0.70  0.81  0.2036 0.0389+0.0007 0.3155+0.029 1 0.012 0 =0.000 2 246 +4
62 23.44 102.84 13.64 0.97  1.47  0.2279 0.0383+0.0005 0.3566+0.0151 0.0150 +0.000 4 243 +3
63 12.84 79.00 10.78 0.58  0.69  0.1625 0.0386+0.0005 0.2669 +0.0142 0.012 4 +0.000 4 244 +3
64 19.07 82.17 11.38 1.0l  1.34  0.2321 0.0376£0.0006 0.2751+0.0215 0.0118=0.000 1 238 +3
F*2 ZWEHD B2 HFEAFREER
Table 2 U-Th-Pb composition of the zircons from B02 andesite sample
wy/ % [l 25 L Rl 4 W8/ Ma
s Th/U
Th U 206 Pb 207 Pb 208 Pb 206 Pb/ZS\‘ U+lo 207 Ph/235 U 207 Pb/ZOG Pb 206 Ph/238 U
1 64.85 466.87 175.38 11.82  3.93  0.1389 0.0415%0.0005 0.3148=0.0104 0.0550 =0.002 1 262 +3
2 193.2 480.46 493.39 52.62 26.23  0.4021 0.0396+0.0005 0.3028+0.0090 0.0554 =0.0019 250 +3
3 37.58 1802.721242.94 116.48 10.19  0.0208 0.039 6 +0.0004 0.2923+0.0058 0.053 6=0.001 4 250 +3
4 59.22 149.27 40.82  2.86  2.32  0.3967 0.0402+0.0005 0.3093+0.0108 0.0558+0.0022 254 +3
5 782.74 926.68 153.88  9.99  17.05 0.8447 0.038 1x0.0004 0.2813=0.0053 0.0536=0.001 4 241 +3
6  148.50 493.90 134.34  8.73  6.11  0.3007 0.039 1+0.0004 0.2838+0.0045 0.0527 +0.001 2 247 +3
7 85.40 308.33 70.03 4.56 3.06 0.2770 0.039 6+0.0005 0.3208+0.008 4 0.058 7 +0.001 9 250 +3
8 128.96 264.19 82.00 5.11  5.29  0.4881 0.0393+0.0005 0.3015=0.0073 0.0556=0.0017 249 +3
9  127.59 138.05 129.27 14.66 16.73 0.9242 0.0392=0.0004 0.3803=0.0069 0.070 4 =0.001 8 248 +3
10 247.28 416.32 127.95 9.35 10.53 0.5940 0.0388+0.0004 0.276 6+0.004 6 0.051 7 +0.001 2 246 +3
11 192.52 192.77 60.90 9.86 13.86 0.9987 0.0397+0.0004 0.3066+0.0054 0.0561+0.001 4 251 +3
24 Si0, & 55.13% ~ 56. 28% 5 Na,O + x10°°, LREE } 77.79 x 10 ° ~207.27 x 10°°,
K,O S REmE(4.13% ~6.15%, 734 5.14% ), B HREE 24 19.70 x 10 ° ~33.57 x 10 °, LREE/HREE

%*?‘%T‘a%@i@ﬂsz.zo,d\? 3.3, J& TS Bk itk & A

AL O, & s m, P& & 16, 74% , MgO & & &, °F

Y58 3.45% , CaO /\EI—Jy:FﬁJ/éTE 6.54% , K,0
GEBL, FHEE 17% .

Z k% Si0, & & 51.49%, Na,0 + K,0 & &
6.34% , B2 I PN 4.73, KT 3.3, JB T
‘i?ﬁﬂ-Al O, 5 B8, F 8 17.34% , MgO & &,
4.87% ,Ca0 FiEfm, i 6.41%,K,0 &R
S 0.26% .

B RE VBRI L R B AR B AL O,

B e TR A

5.2 BEInERRWETEHIKLEFE
WMBCEM LI R B RN 97.49 x10°°

TEE,

~240. 84

=3.95 ~6.40, L'EE8M LMoy mkil. (La/
Yb)=3.23 ~6.83, W EMm tIou R 5EEM Lt HR
Z A E M8 (La/Sm)  =3.56 ~4.21, ¥ W]
B ou g 2 A AR — 4 1 (Gd/Lu)
0.71 ~1.37,i%%i%%iﬁ%%z@ﬁ?i%#/“% <
1 RN o MWK Ta 0T LLE HHL 22 W S0A FF i
AEAEWI ) Eu #1535, 8Eu =0.27 ~0.42,
ZlrEMm e R B RN 142,11 x10°° ~157. 74
x 10 %, LREE & 120. 01 x 10 °® ~ 134.68 x 10°°,
HREE 4 22.10 x 10 ® ~23.06 x 10 °, LREE/HREE =
5.43 ~5.84, AW E AL AR M L oCER B AR .
(La/Yb) =5.00 ~5. 84, Y4 o0& 5 H A Lo
2 EM0E; (La/Sm) =2.72 ~2.87, it 1]
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*3 M@EAALEEETR(wy/ %), HLTRMYE
TTE(wy/10 O MR R
Table 3 Whole-rock major elements(w,/ % ), trace elements
and REE data(w,/10 ) of the Nayixiong Formation

ZikE wH L i
i
TTHO1 TTHO2 TTHO4 TTHOS TTHO6 TTHO7 TTHO9
Si0, 51.49 56.28 77.28 77.55 75.57 74.85 55.13
TiO, 1.93 1.72 0.25 0.23 0.25 0.36 1.28
AlLO; 17.34 16.22 11.84 11.76 12.68 12.64 17.26
TFe,0; 11.06  9.99 2.31 2.17 2.74 2.82 8.53
MnO  0.14  0.11 0.02  0.01 0.02  0.05 0.09
MgO  4.87 5.18 0.21 0.15 0.55 0.91 1.72
CaO 6.41 6.12 0.24 0.30 0.32 0.67 6.95
Na,0  6.08 3.85 5.33 5.26  5.60  3.55 6.10
K,0  0.26 0.28 1.22 1.35 0.55 1.85  0.05
P,0s  0.42 0.25 0.04 0.03 0.04 0.02 0.13
LOI 0.01 0.01 0.84 0.72 1.35 1.91 2.26
TOTAL 100.01 100.01 99.58 99.53 99.67 99.63 99.50
Li 35.30 51.60 7.74 6.04 13.30 12.10 16.70
Be 1.68 1.62 1.64 1.97 2.23 2.28 1.66
Se 31.30 27.70 10.40 9.86 11.20 7.04 19.50
\Y 204.00 144.00 10.10 6.84 11.70 43.60 170.00
Cr 144.00 127.00 4.23 3.94 3.54  36.80 98.10
Co 38.50 40.90 30.90 33.30 24.50 16.20 35.20
Ni 37.10 38.00 2.66 2.73 3.02  18.20  27.80
Cu 7.44 6.42 1.99 4.83 3.64  41.90  10.10
Zn 98.00 101.00 83.70 52.60 115.00 51.10 50.60
Ga 18.80 17.80  11.80  8.88 11.80 16.10 19.80
Ge 2.07 1.98  0.84  0.82 1.02 1.86 1.78
Rb 7.50  10.20 22.00 27.70 24.00 74.40 1.06
Sr - 624.00 725.00 208.00 194.00 172.00 528.00 1 691.00
Y 38.50 36.20 44.30 32.30 54.00 43.10 34.90
Zr  242.00 222.00 226.00 222.00 235.00 198.00 231.00
Nb 17.10 16.10 14.40 14.10 14.30 18.70 16.10
Cs 0.99 0.93 0.54 0.59 1.56 5.46 0.13
Ba  131.00 46.20 204.00 282.00 212.00 327.00 37.20
La 30.60 28.00 31.60 18.90 47.40 41.30 24.30
Ce 64.70 60.80 63.10 35.60 96.70 75.00 53.70
Pr 7.98 7.41 7.37 4.12  11.20 8.41 6.74
Nd 32.90 30.20 28.00 15.40 42.80 31.40 27.80
Sm 6.99 6.30 5.73 3.36 8.50 6.34 5.77
Eu 2.36 1.98 0.52 0.34 0.75 0.86 1.69
Gd 6.87 6.34 5.84 3.60 8.49 6.25 5.81
Th 1.10 1.02 1.09  0.72 1.45 1.07  0.95
Dy 6.80 6.28 7.43 5.12 9.25 6.85 6.00
Ho 1.37 1.29 1.59 1.16 1.92 1.45 1.24
Er 3.91 3.66 4.74 3.66 5.54 4.26 3.56
Tm 0.57 0.54 0.73 0.61 0.83 0.66 0.53
Yb 3.69  3.44  4.81 4.21 5.32 434 3.49
Lu 0.55 0.50 0.70 0.63 0.77 0.63 0.51
Hf 5.25  4.95 6.38 6.27 6.82  5.55 5.56
Ta 1.05 1.03 1.33 1.34 1.35 1.66 1.14
Pb 11.00 8.34 11.30 13.20 11.70 8.20 13.00
Th 3.76 4.78 16.50 18.00 17.80 14.60 7.45
U 1.42 1.48 3.51 3.29 3.74 3.74 1.33
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Fig. 6 Zr/TiO, —Nb/Y diagrams of Nayixiong Formation
volcanic rocks Cafter Winchester and Floyd, 1977)

B Ie R WA M (Gd/Lu) y T
1.42 ~1.56, Ui B T 2 W AFE R 1. 2l
HEER RIS Eu 5%, 8Fu =0.89 ~0.96( [ 7h) .

LA M0 E B8 170.37 x10 °, LREE 4
145.51 x 10 ™°, HREE 424.86 x 10 ~°, LREE/HREE
=5.85, A I E AR oo 3 Y o A B
(La/Yb) =5.94, Ui 3% L 5 EM Lo R 2 Mf
B (La/Sm) =2. 82, &M Lot &2
T W AFELE — & W28 (Gd/Lu) = 1. 55, U6 W] /%
TIOCRZ A ERIE . LA R LSS IE Eu
S, 8Eu =1.04.

M7 ] DLE H #4624 FF =X B R
70 3 LA HIE BR v ALk M S A B S S H AT A A
FHT 7 =2 v 5 7 50 ( Kermadee ) & 9K K W 5 AH — 3
(Ewart et al. , 1998), K& F 3541 6% (LILE) Th. U
M LREE &4, /37 % 6 % (HFSE) Nb. Ta % #1, 5
Byl s s BERAL 22 R AR — B0 JE AR5, 20165 5K
55, 2017)
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Fig. 7 Chondrite-normalized REE patterns (a, b) and primitive mantle-normalized trace element diagrams (c, d) for Nayixiong
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