5542 % 4 6 ] HoomoE R Vol.42, No.6
2023 4F 6 A GEOLOGICAL BULLETIN OF CHINA Jun., 2023

do1:10.12097/j.1ssn.1671-2552.2023.06.012

MR E=EHEGMINESRER . BT
=K iEA U-Pb i Bk F4FIERVIE TR

GRANH S R m R o
ZENG Junjie"?, PU Wanfeng">", LIU Bin"?, YUAN Zhen"?, YANG Zhuang"’

LA BT W E TR G =T H T &L, R 2 M 730050;

2. B R HIEF LA FRFTAEA ] A Z M 730050

1. Third Geological and Mineral Exploration Institute of Gansu Provincial Bureau of Geology and Mineral Eesources, Lanzhou 730050, Gansu, China;
2. Gansu Xinyuan Dituo Mining Co., Ltd., Lanzhou 730050, Gansu, China

TEE RSB B R AR 5L, BRI F LA-ICP-MS 4% U-Pb ¥ & 5 G W sk AL F R AL AT AT R, 4R 3
BARG R B AH B M E S, AR P L M IR AR AT IR R, B B R F 5 AT AW, SIO, & F H 69.50% ~
73.48% ,TiO, A% 4 0.008% ~0.084% ,CaO 4% # 0.22% ~2.07% ,Na,O A% H 2.96% ~3.40% ,K,0 4% H 4.38% ~4.84% ,
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Abstract: The lithology of Nazha pluton in Hezuo, Gansu Province is granite porphyry. Through the study of rock geology, LA—ICP—
MS zircon U —Pb age, and rock geochemistry, the genetic mechanism and tectonic significance of the Nazha pluton are explored,
providing new evidences for the tectonic evolution of the Indosinian period in this region. The rock geochemical analysis of granite
porphyry shows that the content of SiO, is 69.50% ~73.48%, the content of TiO, is 0.008% ~0.084% , the content of CaO is 0.22% ~
2.07%, the content of Na,O is 2.96% ~3.40%, the content of K,O is 4.38% ~4.84%, the content of Al,O, is 14.74% ~16.19%,
the aluminum saturation index A/CNK value is 1.49 ~ 1.91(>1.1), and the Rittman index o is 1.88~2.27. The result indicates the
granite belonging to high potassium calc alkaline peraluminous S—type granite. Total rare earth element( ZREE) content is 42.82X10 °~
62. 85%107°, LREE/HREE value is 16.55~24.19, light rare earth element is relatively enriched, and the SEu value is 0.79~1.41.
High field strength elements P and Ti are relatively deficient, the Nb and Ta are slightly deficient, and large ion lithophile elements and
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light rare earth elements Th, Rb and K are relatively enriched. The geochemical characteristics of rocks show that the Nazha pluton

originated from the partial melting of metamorphic sandstones and mudstones, with the high Mg” value (67~77), and the low total rare

earth element content, with some. The mantle —derived components added during diagenesis. LA—ICP—~MS zircon U—Pb age (250.4+

1.0 Ma) was obtained from granite porphyry and formed in Early Indosinian period. Combined with the regional geological background,

the author believes that the Xiahe “Hezuo area in West Qinling region was in the continental margin arc environment of crustal and

lithosphere thickening during the Early Indosinian period, and the Nazha pluton is the product of the magmatism in this stage.

Key words: zircon U—Pb age; granite porphyry; Early Indosinian period; Nazha pluton; geological survey engineering; West Qinling
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Geological map of Xiahe—Hezuo area
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Fig. 2 Field photographs (a,b) and micrographs (c,d) of Nazha pluton
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Fig. 3 Zircon CL images, analysis point and dating age of granite porphyry in Nazha pluton
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Fig. 4 Zircon U—Pb concordia age (a) and age frequency (b) diagrams of Nazha pluton
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Table 1 LA-ICP-MS zircon U-Th-Pb age of granite porphyry in Nazha pluton
JTLEFE/107° [ 2 e [ R AF#%/ Ma
N i = Th/U 27pp/ 207 pl,/ 206 p, / 207 pl,/ 207 ppy/ 206 pp /
Pb Th 20 20 20 20 20 20
206 Pb 235 U 238 U 206 Pb 235 U 238 U
2019MTW-1—-4 11.1 90.8 244.0 0.37 0.0596 0.0034 0.3280 0.0190 0.0402 0.0008 500.0 130.0 286.0 14.0 253.8 4.8
2019 TW—1-5 6.0 35.3 143.0 0.25 0.0530 0.0053 0.2830 0.0260 0.0394 0.0009 190.0 190.0 249.0 20.0 2489 5.4
2019 TW—1-6 43.7 204.2 1021.0 0.20 0.0518 0.0018 0.2824 0.0092 0.0396 0.0005 250.0 76.0 252.0 7.3 250.4 2.8
2019MTW—-1-8 56.8 282.6 1312.0 0.22 0.0519 0.0017 0.2835 0.0097 0.0394 0.0006 255.0 73.0 2529 7.6 2492 3.6
2019MTW—-1-10 63.7 235.0 1425.0 0.16 0.0539 0.0022 0.3000 0.0130 0.0398 0.0008 344.0 90.0 265.8 10.0 251.9 5.0
2009l TW—1—-11 34.9 272.0 783.0 0.35 0.0502 0.0019 0.2776 0.0100 0.0398 0.0005 212.0 80.0 248.7 7.9 251.3 3.2
2019 TW—1—-14 58.2 262.7 1277.0 0.21 0.0549 0.0018 0.3079 0.0099 0.0401 0.0005 385.0 71.0 272.1 7.7 2535 3.3
2019l TW—1-16 46.8 206.3 1116.0 0.18 0.0616 0.0022 0.3290 0.0110 0.0392 0.0004 641.0 75.0 289.3 9.0 247.6 2.8
2019 TW—-1-18 28.7 109.5 681.0 0.16 0.0510 0.0025 0.2770 0.0130 0.0394 0.0005 205.0 100.0 247.3 11.0 2493 2.9
2019 TW—-1-20 29.0 119.2 722.0 0.17 0.0497 0.0022 0.2710 0.0120 0.0400 0.0007 156.0 95.0 243.0 9.6 252.8 4.1
2019MTW—-1-23 24.1 179.3 520.0 0.34 0.0547 0.0029 0.2990 0.0160 0.0393 0.0007 340.0 110.0 264.0 12.0 248.7 4.2
2019 TW—1-25 78.7 339.9 1733.0 0.20 0.0533 0.0019 0.2973 0.0110 0.0397 0.0006 322.0 80.0 263.9 8.3 251.0 3.4
2019MTW—-1-31 57.1 251.9 1291.0 0.20 0.0515 0.0011 0.2835 0.0061 0.0396 0.0005 255.0 48.0 253.1 4.8 250.2 3.3
2019 TW—1-32 66.2 298.3 1456.0 0.20 0.0527 0.0010 0.2817 0.0059 0.0387 0.0004 297.0 44.0 251.6 4.7 2449 2.6

AR I A AR SR A FRA F 78 K (2019 4F)
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Fig. 5 Graphical classification of rock geochemistry
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Table 2 The analytical results of major, trace and rare earth elements of granite porphyry in Nazha pluton

JCHE GSO1  GS02  GS03  GS05  GS06  GSO7  GSO8  GS10 GSI11 GS12 GS13
Si0, 7241 72.07 7227 7348 7217 7251 7289 695 7267 71.66 72.68
TiO, 0.035  0.009  0.017  0.084 0.077  0.048  0.054 0.008 0.062 0.045  0.047
AlL,O, 16.19 15.18 1495 15.08 1548 15.01 15.46 1474 1500 15.08 15.01
Fe, O, 0.648 0517  0.516  0.646 0537  0.824  0.595  0.386  0.464  0.487  0.560
FeO 0.27  0.16 0.20 0.18 0.25 0.10 0.30 0.16 0.10 0.44 0.16
MnO 0.024  0.026  0.024  0.021  0.022  0.023  0.019  0.023  0.023  0.024  0.026
MgO 0.971  0.942  0.945 0.999  1.070  0.984 1.030  0.967 0.990  1.020  0.979
CaO 0.294 1.100  0.998  0.751 1.06 0912  0.221 2070 1.230 1.420  0.978
Na, O 3.40  3.34 3.20 2.96 3.01 3.21 3.26 3.35 3.11 3.06 3.00
K,O 478 459 4.67 4.67 4.73 4.42 4.84 4.44 4.38 4.70 4.77
P,O; 0.017  0.016 0.017 0.012  0.017  0.009 0.012  0.016 0.009  0.009  0.005
ekt 1.38  2.03 1.76 1.69 1.92 1.98 1.38 4.54 2.20 2.20 2.00
M 101.64 101.99 101.62 102.70 102.57 102.38 101.69 104.85 102.52 102.64 102.49
Mg* 66.99 72.87 71.72 70.05 7223 67.58 6873 77.26  77.32  67.43  72.44
Na, O+K, O 8.18  7.93 7.87 7.63 7.74 7.63 8.10 7.79 7.49 7.76 7.77
Na, O/K,O 071 0.73 0.69 0.63 0.64 0.73 0.67 0.75 0.71 0.65 0.63
o 227 215 2.10 1.91 2.05 1.96 2.18 2.24 1.88 2.09 2.03
A/CNK 1.91 1.68 1.69 1.80 1.76 1.76 1.86 1.49 1.72 1.64 1.72
A/NK 1.50  1.56 1.45 1.55 1.54 1.49 1.48 1.43 1.58 1.52 1.56

Na, O/ (Na, O+CaO) 0.92 0.75 0.76 0.80 0.74 0.78 0.94 0.62 0.72 0.68 0.75
MgO/ (MgO+TFeO) 0.53 0.60 0.59 0.57 0.59 0.54 0.55 0.66 0.66 0.54 0.60

Li 51.3 26.3 45.6 26.4 44.8 16.9 33.0 51.0 21.5 19.0 9.8

Be 6.17 4.59 4.69 3.20 3.57 3.43 2.80 4.45 2.87 3.30 2.74
Cr 3.80 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70
Co 9.80 9.10 12.50 8.70 7.70 8.30 8.10 6.40 7.90 9.10 8.70
Ni 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70
Ga 21.9 22.7 21.6 215 21.6 22.4 221 24.4 21.5 22.0 21.4
Ge 0.35 0.47 0.72 0.78 0.65 0.96 0.79 1.18 1.00 0.48 0.88
Rb 210 204 206 164 167 159 174 140 151 166 164

Sr 193 130 183 199 208 134 188 54 130 249 130

Y 2.00 1.06 0.79 0.94 2.31 1.60 1.37 1.14 2.38 0.37 1.51

Zr 71.4 64.8 69.8 83.7 83.3 70.8 70.8 58.7 78.1 80.2 70.0
Nb 37.6 35.6 30.1 211 223 241 22.0 34.0 22.7 22.6 20.7
Cs 7.32 6.10 7.66 4.77 6.00 3.81 4.97 6.10 2.68 4.28 2.81
Ba 531 396 503 953 987 804 875 236 948 797 916

Hf 4.50 3.30 4.30 3.50 3.20 3.50 3.80 4.20 3.20 3.40 3.40
Ta 2.55 2.54 2.04 1.30 1.34 1.51 1.45 2.82 1.49 1.49 1.32
Th 6.86 5.73 5.18 5.64 5.75 4.88 4.69 6.42 5.60 4.31 4.21
F 900 800 840 900 800 700 870 820 780 940 670

Te 0.028  0.019 0.022 0.018 0.025 0.025 0.026 0.026 0.021 0.019 0.028
La 13.90  13.10 13.60 14.10 13.90 11.10 9.70 14.70 13.60 10.00 9.88
Ce 2550  23.80 24.70 25.90 25.40 20.10 17.80 26.60 24.90 18.50 18.50

Pr 3.06 2.83 3.00 3.08 3.04 2.43 2.14 3.17 2.92 2.21 2.20
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JLE GSO1  GS02  GS03  GSO5  GS06  GSO7  GSO8  GS10  GS11  GSI2  GSI3
Nd 11.40 1080 1130 11.60 11.60 9.48 821 1200 11.10 856  8.42
Sm 260 265 266 249 251 2.26 1.92 278 243 206 1.97
Eu 0.62 056  0.60  0.89  0.92  0.81 0.70  0.60  0.91 0.78  0.73
Gd 177 1.76 1.70 154  1.67 1.56 1.30 1.96 1.63 1.38 1.39
Tb 017 015 015 012 016  0.14 013 017 016 012  0.14
Dy 0.62 045  0.41 039 063 049 045 050  0.67 030 051
Ho 0.09 005  0.04 0.05 0.0  0.07 007 005 010  0.03  0.08
Er 024 012 0.11 0.14  0.31 0.21 019  0.16 032 008 021
Tm 0.03  0.01 0.01 0.02 004 003 002 002 004  0.01 0.02
Yb 020 0.09 0.7 012 027 018 017 012 026  0.05  0.15
Lu 0.03  0.01 0.01 0.02  0.04 003 002 002 004  0.01 0.02
SREE 60.23 5638 5836  60.46  60.59  48.89 4282  62.85 50.08 44.00  44.22
LREE 57.08 53.74 55.86  58.06 57.37 46.18 40.47 59.85 55.86 42.11  41.70
HREE 315 264 250 240 322 271 235  3.00 322 1.98 252
LREE/HREE 18.12 2036 2234 2419 17.82 17.04 1722 1998 1735 2127  16.55
(La/Yb) 49.85 104.41 139.36  84.28  36.93  44.23  40.93 87.87 3752 143.46 47.25
(La/Sm) 3.36 3.11 3.22 3.56 3.49 3.09 3.18 3.33 3.52 3.05 3.16
(Gd/Yb) 714 1577 1959 1035 499 699  6.17  13.17  5.06 2226  7.47
5Eu 088 079  0.86 1.39 1.37 1.32 135 0.79 1.40 1.41 1.35
H EBEICE GBI A%, MBS U R BRI 107, A/CNK(EE/R ) = AL O,/ ( CaO+Na, O+K,0) ; A/NK
(BEJR L) = Al,O5( CaO+Na, O+K, 0) ;8Eu=[ Euy/ (Sm+Gd) ]2 s UL . H ORISR 22 ™7 B UG I vl , 2019 4F
10 1000
(b)
100} @
o 1
iz 2
3
0.1k
0.1 0.01 P S ——

La (.le i’r I.\Jd

Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Blo  AR$LAA AR 0 3R BB R A AR E AL BE 02X () FCRE T0 38 i M A Ak I 15T ()

(Wi LICR AR TCRPREALEIRE Sun et al., 1989)

CsRbBaThNbTa K LaCe Sr P Nd Zr Hf SmEu Ti

Li Y YbLu

Fig. 6 Chondrite—normalized REE patterns (a) and primitive mantle —normalized trace element spidergrams (b) for Nazha pluton
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Fig. 7 Diagrams of C/MF~A/MF (a) and Q—Ab—Or—H,O system phase (b) for Nazha pluton
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Fig. 8 Tectonic differentiation diagrams of R, =R,(a) and Y—Nb (b) for Nazha pluton
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