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Fig. 1 Map showing locations of studied area, Nanchuan, Chongqing, and tuff samples of this paper
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Tablel Concentrations of elemental in tuff samples at the bottom of the Longtan Formation, Upper Permian in

Nanchuan District, Chongqing (on a air dry basis; oxidies in % ; others in pg/g)

JTER ZK-1 | ZK-2 | ZK3 | ZK4 | ZK-5 | ZK-6 | ZK-7 | ZK-8 | ZK9 | ZK-10 | ZK-11 | ZK-12 | ZK-13 | ZK-14 | ¥J{H
Si0, 41.01 | 39.69 | 42 36.97 | 39.42 | 39.48 | 41.63 | 42.91 | 44.49 | 45.24 | 56.32 | 91.45 | 72.13 | 61.81 | 49.61
TiO, 3.00 | 4.04 | 4.04 | 2.42 | 2.98 | 4.08 | 3.08 | 4.78 | 5.49 | 5.19 | 4.09 0.4 1.3 1.85 | 3.34
Al, Oy 30.24 | 30.46 | 31.58 | 28.51 | 30.26 | 30.42 | 31.37 | 32.32 |32.93 | 33.18 | 25.2 | 4.03 | 14.1 | 21.1 | 26.84
Fe, 05 3.38 | 8.28 | 4.73 | 7.64 | 8.38 | 8.49 | 5.47 | 3.85 | 1.51 | 1.09 1.5 1.11 | 4.01 | 1.24 | 4.33
MnO 0.005 | 0.018 | 0.013 | 0.006 | 0.037 | 0.017 | 0.018 | 0.007 | 0.001 | 0.001 | 0.001 | 0.007 | 0.005 | 0.007 | 0.012
MgO 0.15 | 0.22 | 0.22 | 0.15 | 0.17 | 0.18 | 0.15 | 0.18 | 0.18 | 0.16 | 0.17 | 0.12 | 0.58 | 0.38 | 0.21
Ca0 0.47 | 0.28 | 0.19 | 0.22 | 0.24 0.3 0.35 | 0.17 0.1 0.1 0.83 | 1.65 | 1.93 3.1 0.71
Na, O 0.12 | 0.19 | 0.19 | 0.11 | 0.17 | 0.19 | 0.15 | 0.19 | 0.18 | 0.18 | 0.67 | 0.18 1 0.87 | 0.31

0.

0.

9.

K,0 0.15 | 0.24 | 0.25 | 0.12 | 0.18 0.2 0.19 0.2 0.19 | 0.21 52 | 0.16 | 0.69 | 1.36 | 0.33
P,05 0.05 | 0.06 | 0.06 | 0.03 | 0.02 | 0.04 | 0.03 | 0.05 | 0.06 | 0.05 06 | 0.02 | 0.03 | 0.04 | 0.04
Bedermr | 19.15 | 15.6 | 15.41 | 19.14 | 16.61 | 15.73 | 16.19 | 14.49 | 13.89 | 13.67 37 | 0.66 | 3.67 | 7.26 |12.92

Li 295 410 443 293 315 390 320 517 532 530 232 15.9 | 25.2 102 | 315.7
Be 3.58 | 5.54 | 6.63 | 4.06 | 4.28 | 6.03 | 4.18 | 5.91 | 6.04 | 6.12 | 3.37 | 0.308 | 0.92 | 3.95 | 4.35
v 489 661 502 315 348 767 290 804 905 1037 783 126 339 521 |563.4
Cr 303 441 480 297 290 456 300 641 749 739 739 235 430 409 | 468.5
Co 19 31.3 | 14.4 | 18.1 17.4 | 22.7 | 10.5 | 16.9 | 18.7 | 24.3 | 18.2 | 4.1 10.7 | 47.3 | 19.54
Ni 129 146 115 156 98.3 117 80.1 120 131 154 81.8 | 21.1 | 97.8 136 | 113.1
Cu 92.1 237 157 144 124 255 137 190 211 228 115 31.4 | 45.4 102 | 147.8
Zn 42.2 | 44.3 | 39.1 | 49.7 41 42.3 | 45.2 40 42.4 | 42.1 31 4.74 | 19.6 20 35.97

Ga 64.3 63 56.2 | 56.7 | 53.9 64 58.8 | 56.3 | 50.4 | 53.7 | 36.2 | 6.06 | 21.5 | 32.5 |48.11
Rb 2.84 | 4.45 4.3 2.3 2.96 | 3.68 | 3.32 | 4.06 | 3.77 | 4.71 | 7.97 | 2.53 11 27.4 | 6.09
Sr 106 143 155 94.1 | 85.7 116 102 145 149 151 151 59.2 187 200 | 131.7
Nb 209 145 153 186 139 137 183 147 160 157 110 12.3 | 37.9 60 131.2
Mo 3.69 | 1.61 | 1.23 | 8.07 | 1.01 1.3 1.65 | 0.895 | 0.665 | 0.689 | 0.762 | 0.626 | 0.378 | 0.696 | 1.66
Cd 0.784 | 0.642 [ 0.629 | 0.919 | 0.588 | 0.699 | 0.616 | 0.572 | 0.56 | 0.564 | 0.386 | 0.043 | 0.111 | 0.224 | 0.52
In 0.556 | 0.591 [ 0.511 | 0.52 | 0.482 | 0.665 | 0.542 | 0.579 | 0.581 | 0.592 | 0.255 [ 0.045 | 0.088 | 0.184 | 0.44

Sh 6.28 | 1.96 | 2.01 | 5.72 | 2.17 | 2.54 | 1.88 | 3.53 | 4.78 | 4.89 | 2.59 |0.304 | 0.679 | 2.21 | 2.97
Cs 0.549 | 1.05 | 1.15 | 0.584 | 0.796 | 0.91 | 0.795 | 1.14 | 1.07 | 1.24 | 1.02 | 0.15 | 0.544 | 3.08 | 1.01
Ba 22.1 | 26.1 | 26.8 | 20.4 | 15.3 | 18.8 | 22.6 21 20.4 20 19.7 | 5.47 | 15.2 | 35.4 | 20.66
Ta 14.2 | 8.95 | 9.89 | 12.6 | 8.61 | 8.47 11 9.27 | 9.77 | 9.84 | 6.84 |0.795 | 2.19 | 3.97 | 8.31
W 2.88 | 3.51 | 3.37 | 4.61 | 3.31 | 3.12 | 4.07 | 3.49 | 3.77 3.9 6.29 | 29.2 | 9.16 11 6.55
Pb 50.5 | 15.9 | 14.3 | 50.2 | 22.1 15 19.6 | 11.4 | 16.9 | 20.1 | 7.49 |0.272 | 2.49 | 5.19 | 17.96
Bi 1.06 | 1.42 | 1.23 | 0.896 | 0.883 | 1.46 | 1.01 | 1.61 | 1.65 1.9 1.19 |0.164 | 0.337 | 1.01 | 1.13
Th 44.6 | 30.5 | 33.9 | 39.8 | 27.8 | 26.9 | 34.3 | 31.9 | 35.5 | 34.9 | 25.4 | 2.91 | 8.88 | 16.7 |28.14
U 66.1 | 25.1 | 17.5 | 34.8 | 14.4 25 18 21.9 | 20.5 | 19.6 | 18.1 | 2.13 | 6.89 | 8.08 |21.29
Zr 1550 | 1125 | 1192 | 1255 | 1056 | 1037 | 1212 | 1121 | 1193 | 1146 818 93.7 303 475 1 969.8
Hf 37.6 | 26.3 | 28.6 | 34.7 | 25.6 | 25.1 | 32.5 | 26.9 | 29.3 | 28.5 20 2.33 | 6.79 | 11.4 |23.97
Ge 0.868 | 0.625 | 1.76 | 1.22 | 1.59 2.1 1.48 | 2.32 | 2.49 | 2.56 1.4 |0.875| 1.38 [0.941 | 1.54
Sc 24.2 | 34.9 | 30.7 20 23 29.5 | 27.9 37 39.5 | 40.9 | 28.6 | 2.62 | 9.04 20 26.28

Si0,/A1,0;| 1.36 1.3 1.33 1.3 1.3 1.3 1.33 | 1.33 | 1.35 | 1.36 | 2.23 |22.67 | 5.11 | 2.93 | 1.85
TiO,/Al, 05 0.1 0.13 | 0.13 | 0.08 0.1 0.13 0.1 0.15 | 0.17 | 0.16 | 0.16 0.1 0.09 | 0.09 | 0.12
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Fig. 2 X-ray powder diffraction patterns of the tuff sample from the bottom of the Longtan Formation,

Upper Permian in Nanchuan District, Chongqing
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Fig. 3 Flint in tuff sample from the bottom of the Longtan Longtan Formation, Upper Permian in Nanchuan District,

Formation, Upper Permian in Nanchuan District, Chongqing Chongqing, by SEM-EDX
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SRR R AR I SR G

PO b X W — S R T2 &k B Y Tonsteins
g T KK A, Ti0, /AL O, P AT A iR
51| Tonsteins PJIR 148 7 ( Spears et al. ,1979; & X
SE45, 19835 ] S, 1999; Xt g 45, 2007 ; Dai
Shifeng et al. ,2011) , Addsion (1983 ) FiI Bueger %
(2002) A K B HE & 1l K T TiO,/ALO, e ff /I F
0. 02, Bk k1L K Ti0,/ AL 0, HfEAF 0. 02 ~0.08
ZIa], 5Pk kLK Ti0,/AL O, HoflikTF 0. 08, %K
& Ti0,/AL O, H EYIKT 0. 08 (& 6) , FHIEE K
AT REJE TR LR A
4.2 JTRMIKULFHHE

KO RTE AR S R A2 B AR E T R
SRAITERS AEME RS e R SR B T ok &
EE . BEVCE T E R TR AR B AR E
BUE AR E Y (BB B 200 ), BULASE o )1
e AT Yy, SRS - W, A W] RETE S
WM BV E S AR P A RIR A o TR PR A RAS

TCER N Ca K Na S50 K , 7EXAL IS R b i i 2k
IR A XSETT R TEBE K A Y & AN BE FLSE L
R S ) S5 RFALE o

5 e b iEE o R Se(Tpeg/g) V(53pg/g) .
Cr(35pg/g) . Co(11.6pg/g) Ni(18.6pg/g) . Nb
(26pg/g) Ta(l.5ng/g) Zr(237pg/g) HI(5. 8 g/
o) .Ga(14pg/g) .Th(10.3pe/g) .U(2. Spe/e) .REE
(165wg/g) #H L (Wedepohl ,1995) , & JK &+ HH i &
4 Sc.V.Cr.Co.Ni . Ga Nb Ta Zr Hf Th U REE %
TR .

4.2.1 %i(Sc)

BL(Se) Je—F IR 73 O R, 1E R XALAE
PN AR SRR AN 5y e A2 3 7%, A) LAAE bRl +
FrIEhT (Tonsteins ) ) Y (1) b 3k Ak~ 45 75 751 (Jil S
ZE 1994 ;Zhou Yiping et al. ,2000) , #EJK &KL 5 4T
#H 5 Dai Shifeng 25 (2011) it B R IA B X
SEPERE A T AT (29. 8py/g) HIMH & L. #50k
Hh L B o A T B i A (E 29 e/ g CRIE R

R2ERBILZEBGREARBRREPHELTRSE (pe/e)

Table 2 Concentrations of REE in tuff samples at the bottom of the Longtan Formation,

Upper Permian, in Nanchuan District, Chongqing ( pg/g)

JLE ZK-1 | ZK2 | ZK3 | ZK4 | ZK5 | ZK6 | ZK-7 | ZK-8 | ZK9 | ZK-10 | ZK-11 | ZK-12 | ZK-13 | ZK-14 | ¥J{H
La 130 248 215 167 156 187 196 174 136 175 118 13.6 | 44.7 68 144.9
Ce 393 327 315 483 436 392 511 296 232 443 252 30.5 88 114 308
Pr 38.6 | 46.9 | 41.2 | 43.2 | 40.3 | 44.2 | 52.4 | 34.4 | 24.7 | 43.3 | 26.1 | 3.62 | 8.41 | 12.1 |32.82
Nd 167 170 145 177 165 179 215 130 86.6 175 101 16.2 | 31.2 | 41.4 | 128.5
Sm 36.2 | 29.5 | 26.1 | 34.4 | 31.2 | 33.2 | 38.7 | 24.4 | 16.6 | 32.6 | 18.4 | 3.02 | 5.53 | 7.53 | 24.1
Eu 6.54 | 5.29 | 4.81 | 5.76 | 5.33 | 5.74 | 6.54 | 4.27 | 3.12 5.3 3.2 |0.589 {0.995 | 1.52 | 4.21
Gd 25.7 | 25.4 | 22.5 | 24.3 | 24.3 | 25.3 | 29.6 | 19.7 | 15.8 | 23.5 | 13.9 2.3 4.52 | 6.63 | 18.82
Th 4.28 | 4.77 | 4.24 3.7 4.01 | 4.38 | 4.77 | 3.84 | 3.45 | 3.99 | 2.68 |0.376 1 1.4 3.35
Dy 23.2 | 25.2 23 18.9 | 20.3 | 24.5 | 23.5 | 21.7 | 20.2 | 21.9 | 15.4 | 2.08 | 6.03 | 8.67 |18.18
Y 119 110 100 87.8 | 85.8 103 96.7 | 91.3 | 86.4 | 89.3 | 66.8 | 9.27 27 38.3 | 79.33
Ho 4.4 | 458 | 4.16 | 3.16 | 3.41 | 4.08 | 3.88 | 3.93 | 3.81 | 4.04 | 2.91 [0.374 | 1.2 1.72 | 3.26
Er 13.5 14 12.7 1 9.39 | 9.99 | 12.8 | 11.3 | 12.2 | 12.4 | 12.5 | 9.84 | 1.19 | 3.75 | 5.55 | 10.08
Tm 1.92 | 2.05 | 1.79 | 1.36 | 1.42 | 1.74 | 1.6l 1.83 1.9 1.92 | 1.54 |0.182 | 0.577 | 0.916 | 1.48
Yb 11.2 | 12.3 | 11.4 | 7.99 | 8.43 | 11.4 | 9.66 | 11.4 | 12.2 | 12.6 | 10.2 | 1.03 | 3.76 | 5.82 | 9.24
Lu 1.54 | 1.76 | 1.59 | 1.11 | 1.22 | 1.51 | 1.35 | 1.58 | 1.73 | 1.91 | 1.43 | 0.146 | 0.512 | 0.897 | 1.31

SLREE 765 821 742 905 829 835 1013 659 496 869 516 67 178 243 638
SMREE 179 171 155 140 140 163 161 141 129 144 102 15 40 57 124
SHREE 33 35 32 23 24 32 28 31 32 33 26 3 10 15 25

SREE 976 1027 928 1068 993 1030 | 1202 831 657 1046 643 84 227 314 788

Lay/Luy | 0.84 | 1.41 1.35 1.5 1.28 | 1.24 | 1.45 1.1 0.79 | 0.92 | 0.83 | 0.93 | 0.87 | 0.76 | 1.09
Lay/Smy | 0.54 | 1.26 | 1.24 | 0.73 | 0.75 | 0.84 | 0.76 | 1.07 | 1.23 | 0.81 | 0.96 | 0.68 | 1.21 | 1.35 | 0.96
Gdy/Luy | 1.32 | 1.14 | 1.12 | 1.73 | 1.57 | 1.32 | 1.73 | 0.98 | 0.72 | 0.97 | 0.77 | 1.24 0.7 0.58 | 1.14

8Ce 1.26 | 0.69 | 0.76 1.3 1.25 | 0.98 | 1.15 | 0.87 0.9 1.16 | 1.03 | 0.99 | 1.03 0.9 1.02

dEu 1 0.91 | 0.93 | 0.93 | 0.91 | 0.93 | 0.91 | 0.91 0.9 0.9 0.94 | 1.05 | 0.94 | 1.01 | 0.94

H:“SREE” /5 SLa + Ce + Pr+ Nd + Pm + Sm + Eu + Gd + Tb + Dy + Ho + Er + Tm + Yb + Lu + Y ; “Lay .Smy . Gdy , Luy " /58 4} i JC &
1) _b b Fe AR AL 1B ( Wedepohl ,1995) ;8Ce = Cey/ ./Lay x Pry;8Eu =Euy/ ,/Smy X Gdy o
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Fig. 5 Kaolinite, Anatase in tuff sample from the bottom of 0 10 20 30 40
the Longtan Formation, Upper Permian in Nanchuan ALO; (%)

District, Chongqing, by SEM-EDX
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Geochemical Features of the Late Permian Tuff in Nanchuan District,
Chongqing, Southwestern China

TIAN Heming' >, DAI Shifeng” , LI Dahua'" >, LIU Dong"**, ZOU Jianhua'* | LI Tian'
1) Chongqing Key Laboratory of Exogenic Mineralization and Mine environment
( Chonggqing Institute of Geology and Mineral Resources) , Chongqing, 400042 ;
2) State Key Laboratory of Resources and Safe Mining, China University of Mining and Technology, Beijing, 100083 ;
3) Chongging Research Center of State Key Laboratory of Coal Resources and Safe Mining, Chongqing, 400042

Abstract; The geochemical features of the Late Permian tuff in Nanchuan District, Chongging, southwestern
China, were studied using the methods of inductively coupled plasma mass spectrometry ( ICP-MS), X-ray
fluorescence ( XRF') , powder X-ray diffraction (XRD), A scanning electron microscope equipped with an energy
dispersive X-ray spectrometer( SEM-EDX ). The results show that elements including Al, Ti, Li, Cu, V, Cr, Co,
Ni, Nb, Ta, Zr, Hf, Ga, Sc, Th, U and REE are enriched, especially the concentrations of Ti, Nb, Ga and
REE, which are higher than cut-off grades of national standards of China, respectively. The potential
comprehensive utilization of Ti, Nb, Ga and REE should be paid more attention. The concentrations of trace
elements increase from the bottom of tuff to the top, and the rare earth elements ( REE) in tuff have obviously
differentiation, the upper portion of tuff enriched light rare earth elements( LREE) and medium rare earth elements
(MREE) , while the lower portion enriched heavy rare earth elements( HREE). The characteristics of elements and

its assemblage in the tuff show that the materials of tuff may be originated from Emeishan basalt magma and of the

mafic volcanic origin.

Key words: tuff; rare earth element; geochemistry; Nanchuan, Chongqing



