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Abstract: Geochronology and geochemistry of the Early Mesozoic Nianzishan granites were studied to constrain
the tectonic evolution in the Central Great Xingan Range. The studied syenogranite and quartz monzonite sam—
ples show LAACP-MS zircon U-Pb ages of 225. 6 —228.9 Ma indicating that they were both emplaced in the
Late Triassic. Both rock types have similar adakitic geochemical including high Al,O; and Sr contents and Sr/
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quartz monzonite. Such differences are likely caused by their different petrogenesis: partial melting of thickened

lower crust for the syenogranite and partial melting of a delaminated lower crust for the quartz monzonite. Com—

bined with previous studies we conclude that the Late Triassic Adakitic rocks at Nianzishan were formed in a

compressional orogenic setting related to the collision of the Xingan and Songnen blocks which was overprinted

by the south-dipping subduction of the Mongol-Okhotsk Ocean. The discovery of adakitic rocks by melting of de—

laminated lower crust indicates the potential for exploration of porphyry Cu-Mo deposits in the Nianzishan and

adjacent area.

Key words: Adakite; zircon U-Pb age; geochemistry; Mongol-Okhotsk Ocean; Nianzishan area
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1 ((a) 22 -23 ) (b)
Fig. 1 Tectonic map of the central Great Xingan Range ( (a) modified after refs. 22 =23 ) and geological map of the

Nianzishan area ( b)

0.2 ~5.0 mm, N

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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2
Fig. 2 Specimen and thin-section micrographs of the Late Triassic Nianzishan granites
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1
Table 1 Sample information of Late Triassic intrusive rocks at Nianzishan
1 U - Ph3022
) 3022 N47°3817.2" E122°45746. 1"
3 U - Ph2064 -2
. 2064 2 N47°39°16.5” E122°55707.7" + +
5 Gs3010 N47°3941.4" E122°45714.5" ’
6 Gs4056 N47°3922.2" E122°54729.4"
7 Gs4225 N47°33°50.9” E122°53°53.4"
8 U - Pb8068
0 o068 N47°36°12.9” E122°52722. 4" + + +
10 Gs3132 N47°36°58. 6" E122°54722.8" v
© U-Pb3022. U-Ph2064 -2 U-Ph8068 U-Pb
~1:1
o X Th/U 0.60 ~1.89
( XRF) 5% o 0.4
(ICP - o, 20
MS) 10% 19 U -Pb
25 . ( 5) ™pPb/*U 225.4 ~ 231.9
3 Ma **Ph/?*U (228.2 +2.1) Ma
(n=19 MSWD =0.15)
3.1 LA-ICP-MS U-Pb .
U-Pb 2, 3.2
U - Pb3022. U - Ph2064 -2 3.
( 3)
70 ~ 150 pm 3.2.1
4:1-2°1 Si0, 70.78% ~
: Th/U 72.24% TiO, 0.26% ~0.31% Al 0O,
0.43 ~1.71 0.4 13.14% ~15.11% MgO 0.35% ~
% U - Pb3022 0.60% Mg"  26.18 ~ 36.53 Na, O
20 19 3.84% ~4.48% K,O 3.91% ~4.06%
U - Pb ( 4(a)) Na,0/K,0=0.98 ~1.13 A/CNK =0.94 ~1.28
25pp /28U 222.2 ~248.8 Ma *Pb/**U TAS ( 6(a));
(228.9 +3.3) Ma(n =19 MSWD Si0, 02.68% ~
=0.59) . U = Pb2064 -2 20 64.84% TiO, 0.60% ~0.66% Al,O,
15 U - 15.54% ~15.65% MgO 1.77% ~
Pb ( 4(b)) *Pb/?*U 2.72% Mg" = 50.89 ~ 56.81 Na,O

216.6 ~249.1 Ma *Ph/?*U
(225.6 +2.8) Ma(n =15 MSWD =1.3) .,

U - Ph8068

( 3) N
70 ~120 pm 2:1

4.51% ~4.711% K,O 3.09% ~3.15%
Na,0/K,0 =1.46 ~1.5 A/CNK =0.93 ~1.28

TAS ( 6
(a)) . Sio, - K,0
( 6(bh)) o
3.2.2
REE =104. 93
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2 U-Pb
Table 2 Zircon U-Pb dating results of the Late Triassic Nianzishan intrusive rocks
/10°° /Ma

Pb Th U I ph/™Ph o ph/PU lo ®ph/PU 1o Pb/™Pb lo Pb/PU lo ™Pb/™U lo

1 14.0 139.6 187.1 0.75 0.0509 0.0014 0.2524 0.0092 0.0360 0.0012 234.4 62.0 228.5 7.5 227.9 7.3

2 23.8 226.3 336.1 0.67 0.0499 0.0012 0.2458 0.0085 0.0358 0.0012 187.8 56.3 223.2 6.9 226.5 7.2

3 42.7 400.3 600.7 0.67 0.0495 0.0011 0.2465 0.0082 0.0361 0.0012 172.8 50.9 223.8 6.6 228.6 7.3

4 58.5 466.5 868.4 0.54 0.0523 0.0011 0.2661 0.0087 0.0369 0.0012 296.3 47.8 239.6 6.9 233.8 7.4

5 111.5 1053.1 1086.0 0.97 0.0490 0.0010 0.2661 0.0086 0.0394 0.0013 149.9 48.3 239.6 6.9 248.8 7.9

6 48.4 498.4 517.6 0.96 0.0499 0.0011 0.2470 0.0082 0.0359 0.0012 191.9 51.7 224.1 6.7 227.2 7.2

7 43.7 399.6 609.1 0.66 0.0499 0.0011 0.2503 0.0083 0.0364 0.0012 188.2 50.7 226.8 6.7 230.6 7.3

8 50.8 478.4 749.2 0.64 0.0489 0.0012 0.2434 0.0086 0.0361 0.0012 143.6 58.3 221.2 7.0 228.6 7.3

9 28.1 246.8 449.4 0.55 0.0487 0.0012 0.2421 0.0082 0.0360 0.0012 135.5 54.3 220.1 6.7 228.1 7.2

10 23.5 216.1 323.8 0.67 0.0507 0.0013 0.2497 0.0089 0.0357 0.0012 228.5 60.0 226.4 7.3 226.1 7.2
11 250 337.0 304.8 1.11 0.0506 0.0012 0.2480 0.0085 0.0355 0.0011 224.6 54.5 2250 6.9 2250 7.1
12 9.4 129.2 160.2 0.81 0.0518 0.0014 0.2518 0.0092 0.0353 0.0011 275.3 61.4 228.0 7.4 223.5 7.1
13 29.7 381.0 345.9 1.10 0.0497 0.0012 0.2552 0.0086 0.0372 0.0012 182.8 53.5 230.8 7.0 2356 7.4
15 14.8 166.6 254.5 0.65 0.0515 0.0013 0.2566 0.0088 0.0361 0.0012 263.7 55.4 231.9 7.1 228.8 7.2
16 11.2 144.5 174.5 0.83 0.0522 0.0018 0.2526 0.0106 0.0351 0.0012 295.8 77.8 228.7 8.6 222.2 7.2
17 26.7 250.3 575.4 0.43 0.0508 0.0011 0.2551 0.0084 0.0364 0.0012 231.5 50.7 230.7 6.8 230.6 7.2
18 16.1 167.1 338.5 0.49 0.0522 0.0012 0.2547 0.0086 0.0354 0.0011 293.3 52.6 230.4 6.9 2243 7.1
19 14.1 166.2 213.7 0.78 0.0522 0.0014 0.2564 0.0092 0.0356 0.0012 293.5 59.6 231.8 7.4 2258 7.2
20 40.3 484.5 542.7 0.89 0.0499 0.0012 0.2503 0.0084 0.0364 0.0012 190.0 52.9 226.8 6.8 230.5 7.2
3 13.9 247.2 261.9 0.94 0.0499 0.0021 0.2444 0.0101 0.0355 0.0008 191.6 94.8 222.0 8.2 2249 4.7

4 19.3 255.2 308.8 0.83 0.0535 0.0015 0.2613 0.0072 0.0354 0.0007 350.5 62.0 235.7 5.8 224.4 4.4

5 8.2 108.8 145.1 0.75 0.0518 0.0017 0.2519 0.0081 0.0353 0.0007 277.0 73.5 228.1 6.6 223.4 4.5

6 20.6 299.9 435.2 0.69 0.0509 0.0012 0.2477 0.0059 0.0353 0.0007 234.6 54.8 224.7 4.8 223.7 4.4

7 33.7 564.1 714.2 0.79 0.0516 0.0012 0.2516 0.0058 0.0353 0.0007 269.2 53.2 227.9 4.7 223.9 4.4

8 18.8 316.8 346.4 0.91 0.0545 0.0015 0.2642 0.0072 0.0352 0.0007 390.4 61.2 238.0 5.8 222.9 4.4

9 10.6 178.6 201.7 0.89 0.0510 0.0018 0.2613 0.0091 0.0372 0.0008 239.7 79.8 235.7 7.3 2353 4.8

10 40.4 818.4 757.0 1.08 0.0516 0.0017 0.2432 0.0077 0.0342 0.0007 268.3 72.7 221.0 6.3 216.6 4.4
13 48.3 1341.9 783.5 1.71 0.0523 0.0019 0.2574 0.0093 0.0357 0.0007 298.1 81.6 232.6 7.5 226.2 4.6
14 9.2 128.2 1959 0.65 0.0516 0.0015 0.2517 0.0073 0.0354 0.0007 265.5 66.5 228.0 59 2243 4.5
15 10.6 164.7 149.6 1.10 0.0541 0.0023 0.2643 0.0110 0.0355 0.0008 372.9 92.0 238.1 8.8 224.7 4.8
16 7.8 149.8 157.7 0.95 0.0526 0.0016 0.2562 0.0078 0.0354 0.0007 309.7 68.9 231.6 6.3 224.0 4.5
17 12.2 155.7 232.7 0.67 0.0497 0.0015 0.2459 0.0074 0.0359 0.0007 181.4 69.9 223.2 6.0 227.2 4.6
18 8.2 136.0 156.5 0.87 0.0497 0.0016 0.2585 0.0080 0.0377 0.0008 180.5 71.4 2335 6.4 238.8 4.8
20 7.3 113.1 154.5 0.73 0.0524 0.0019 0.2598 0.0090 0.0360 0.0008 301.7 78.6 234.5 7.3 227.8 4.7
1 4.3 74.6 8.0 0.87 0.0499 0.0020 0.2478 0.0095 0.0360 0.0007 189.0 88.9 224.8 7.7 228.2 4.6

2 8.9 1152 184.5 0.62 0.0482 0.0016 0.2432 0.0076 0.0366 0.0007 107.1 74.2 221.1 6.2 231.9 4.6

3 3.7 52.9 75.0 0.71 0.0500 0.0021 0.2505 0.0104 0.0363 0.0008 195.6 95.7 227.0 8.4 230.0 4.7

4 3.5 56.5 70.4 0.80 0.0510 0.0027 0.2546 0.0132 0.0363 0.0008 238.4 117.6 230.3 10.7 229.5 4.9

5 4.4 75.9 854 0.89 0.0526 0.0021 0.2621 0.0103 0.0361 0.0008 312.7 89.4 236.3 83 228.7 4.7

6 4.2 67.9 84.3 0.81 0.0495 0.0021 0.2426 0.0099 0.0356 0.0007 169.6 94.6 220.6 8.1 225.4 4.6

7 4.0 59.9 80.4 0.75 0.0536 0.0047 0.2654 0.0227 0.0359 0.001 0 352.8 186.1 239.0 18.2 227.6 6.1

U - Ph3022 ; I U - Ph2064 -2 ; il| U - Ph8068
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() 2 U-Pb
( Continued) Table 2 Zircon U-Pb dating results of the Late Triassic Nianzishan intrusive rocks
/10°° /Ma
Th/U

Pb Th TPh/™Ph 1o 'Pb/U 1o Pb/™U 1o Pb/™Pb lo Pb/PU 1o Pb/U lo

9 3.5 49.2  72.5 0.68 0.0497 0.0021 0.2443 0.0100 0.0357 0.0007 180.1 94.4 221.9 8.1 2259 4.6

10 4.4 73.8 85.8 0.86 0.0504 0.0019 0.2509 0.0094 0.0361 0.0007 215.3 86.7 227.3 7.6 228.5 4.6

11 4.0 57.6 83.8 0.69 0.0513 0.0022 0.2522 0.0104 0.0357 0.0007 252.3 94.4 228.3 85 226.0 4.6

12 4.1 66.5 81.3 0.82 0.0537 0.0021 0.2654 0.0103 0.0358 0.0007 359.4 86.9 239.0 8.2 227.0 4.6

13 3.0 47.1 58.5 0.80 0.0528 0.0025 0.2608 0.0120 0.0358 0.0008 319.3 103.2 235.3 9.6 227.0 4.8

14 4.2 65.0 86.4 0.75 0.0523 0.0022 0.2571 0.0103 0.0357 0.0007 297.1 91.2 232.3 83 226.0 4.6

i 15 3.4 49.5 68.7 0.72 0.0503 0.0021 0.2520 0.0104 0.0364 0.0008 206.7 95.0 228.2 84 230.3 4.7
16 4.0 61.3 81.1 0.76 0.0492 0.0021 0.2435 0.0099 0.0359 0.0007 157.1 94.6 221.3 81 227.3 4.6

17 3.2 50.5 64.0 0.79 0.0525 0.0023 0.2621 0.0112 0.0362 0.0008 305.9 96.4 236.4 9.0 229.4 4.7

18 4.0 51.3 838 0.61 0.0501 0.0020 0.2500 0.0096 0.0362 0.0008 198.3 88.9 226.5 7.8 229.3 4.6

19 3.0 37.6  62.3 0.60 0.0524 0.0041 0.2583 0.0196 0.0357 0.0009 303.6 167.3 233.3 15.8 226.3 5.6

20 4.7 72.6  94.0 0.77 0.0510 0.0019 0.2518 0.0092 0.0358 0.0007 240.0 84.0 228.0 7.5 226.8 4.6

1 U - Pb3022 ; U - Pb2064 -2 Il| U - Ph8068
3 ( Ma)

Fig. 3 Zircon CL images and ages ( Ma) of the Late Triassic Nianzishan intrusive rocks
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3 (%) ~ (107%)
Table 3 Compositions of major elements ( %) trace elements and REEs (10 ~°) of the Late Triassic Nianzishan intru—
sive rocks
Si0,  TiO, AlL,0; Fe,0; FeO MnO MgO CaO Na,0 K,0 P,0; A/CNK
Gs3022 71.12  0.28 14.69 1.72 0.53 0.04 0.41 0.89 4.48 3.98 0.09 1.18 99.41 1.10
Gs3010 71.34  0.26 15.11 1.82 0.43 0.04 0.35 0.47 4.05 4.00 0.09 1.48 99.44 1.28
Gs2064 -2 70.78 0.29 14.42 1.37 0.95 0.04 0.60 1.16 3.84 3.91 0.08 1.76  99.20 1.14
Gs4056 71.76  0.30 14.33 1.71 0.71 0.05 0.60 0.67 4.25 4.06 0.09 1.12 99.65 1.14
Gs4225 72.24 0.31 13.14 1.67 0.72 0.07 0.43 1.86 3.8 3.93 0.09 1.42 99.74 0.94
Gs3132 64.84 0.60 15.54 3.38 0.53 0.06 1.77 2.43 4.71 3.15 0.18 2.46 99.65 1.00
Gs8068 62. 68 0.66 15.65 1.54 2.95 0.07 2.72 3.33 4.51 3.09 0.2 2.22 99.62 0.93
Na,0/K,0 Mg" Se \% Cr Ga Rb Sr Y Nb Cs Ba La Ce
Gs3022 1.13 290.26 4.28 28.6 4.50 16.50 111 410.0 9.6 8.9 1.87 857 23.20 43.50
Gs3010 1.01 26.18 4.47 28.5 6.80 18.60 130 239.0 11.3 10.3 5.25 729  23.10 46.30
Gs2064 -2 0.98 36.53 4.24 25.9 6.90 17.30 132 269.0 10.7 10.5 5.39 687 29.40 54.80
Gs4056 1.05 35.96 3.77 33.5 7.46 16.84 121 426.2 13.0 9.7 1.87 916 18.75 47.08
Gs4225 0.98 28.86 3.47 28.3 7.36 15.59 67 248.6 14.4 12.8 0.80 764  14.91 38.39
Gs3132 1.50 50.89 9.52 87.0 70.38 20.09 74 827.9 14.20 7.9 2.26 908 26.54 62.67
Gs8068 1.46 56.81 9.48 96.2 79.84 18.98 59 823.0 15.3 8.2 1.68 888 24.62 57.62
Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Zr Hf
Gs3022 4.75 17.60 3.12 0.74 2.27 0.37 1.82 0.36 0.92 0.17 0.94 0.18 122 5.7
Gs3010 5.04 18.70 3.21 0.70 2.39 0.35 1.98 0.40 1.18 0.19 1.25 0.21 153 6.0
Gs2064 -2 5.62 20.50 3.47 0.76 2.50 0.37 2.04 0.38 1.04 0.17 1.08 0.17 130 5.1
Gs4056 4.76 17.79 2.98 0.64 2.44 0.35 1.90 0.39 0.97 0.14 1.03 0.15 150 5.2
Gs4225 4.93 18.96 3.37 0.70 2.77 0.42 2.41 0.50 1.30 0.20 1.46 0.21 168 4.1
Gs3132 7.48 29.71 5.06 1.19 3.96 0.51 2.65 0.53 1.31 0.19 1.36 0.20 179 5.2
Gs8068 6. 86 27.98 4.87 1.17 3.90 0.52 2.75 0.56 1.41 0.21 1.49 0.22 184 5.5
Ta Th U SEu  LREE HREE LREE/HREE REE Sr/Y La/Yb K/Rb  (La/Yb)y
Gs3022 0.87 14.19 1.24 0.81 92.9 17.03 13.21 109.49 42.93 24.68 297.66 16. 63
Gs3010 0.94 15.37 1.56 0.74 97.1 7.95 12.21 116.30 21.15 18.48 255.43 12. 46
Gs2064 -2 0.90 16.32 1.65 0.75 115.0 7.75 14. 84 133.00 25.14 27.22 245.90 18. 34
Gs4056 1.36 14.77 2.08 0.70 92.0 7.37 12.48 112.37 32.78 18.20 278.55 12.27
Gs4225 1.04 7.05 2.41 0.68 81.3 9.27 8.77 104.93 17.26 10.21 486.94 6. 88
Gs3132 0.49 11.90 3.01 0.79 133.0 10.70 12.43 157.56 58.30 19.51 353.38 13. 15
Gs8068 0.59 8.12 2.55 0.80 123.0 11.10 11. 08 149.48 53.79 16.52 434.78 11. 14
Mg* =100 x Mg?* /( Mg?>* + Fe?* ( )) o
x107° ~133.00 x 10°® LREE =81.3 x107° ~ Y=9.55x10"°~14.40x10™° Yb=0.94 x10"°
115.0x10™®* HREE =7.03 x10°° ~9.27 x10~° ~1.46 x107°)  Sr/Y =17.26 ~42.93
LREE/HREE =8.77 ~14.84 (La/Yb) , =6. 88 ~ .
18.34 SEu=0.68 ~0. 81 .
( 7(a)) REE =149.48 x 10 ° ~157.56 x 10 ® LREE
. =123 x107°~133x10° HREE =10.7 x10° ~
( 7(b)) 11.1 x 10°®* LREE/HREE = 11.08 ~ 12.43
Rb. Ba. U. K. Sr (La/Yb) y =11.14 ~13.15 8Eu =0.79 ~0.80
Nb. Ta. P. Ti ; .
Ba. Sr Y. Yb (Ba =687 x10°° ( 7(a)) .

~916 x107°® Sr=239.0 x107° ~426.2 x10°° .
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4 U-Pb
Fig. 4 Zircon U-Pb concordia diagrams for the Late Triassic Nianzishan syenogranite
LA - ICP - MS
(228.9 +3.3) Ma(n
=19 MSWD =0.59) . (225.6 +2.8) Ma(n =
15 MSWD =1.3)
(228.2+2.1) Ma(n=19 MSWD =0. 15)
(220.0 ~233.6 Ma) °°7 "%, 12017
5 U-Pb -
Fig. 5 Zircon U-Pb concordia diagram for the Late Triassic 224 ~220 Ma
Nianzishan quartz monzonite
7(b ’
( 7(b)) 42
Rb. Ba. U. K. Sr (
Nb. Ta. P. Ti; .
Ba. S Y. Y Ba = 888 ) Si0, ( 62. 68%
a ) (Ba=888> ) 240t) . AL O, (13.14% ~ 15.65%) . Sr
107°~908 x107™° Sr=823.0 x 10™° ~827.9 x » e
(239.0x107" ~827.9 x107°) Sr/Y

107 Y=14.2x10"°~15.3%x10"° Yb=1.36
x107® ~1.49 x10°°)  Sr/Y =53.79 ~ 58.30

4.1

(17.26 ~58.30) . La/Yb (10.21 ~27.22)
MgO (0.35% ~2.72%) . Y(14.2 x
10°°~15.3 x107°)  Yb(1.36 x10°° ~1.49 x
107°) o
Y -Sr/Y ( 8(a)) Yby-(La/
Yb)y  ( 8(h))



1 : 275

6 TAS  (a) Si0,-K,0  (b)( 27 28 )
Fig. 6 TAS (a) and SiO, vs. K,0 (b) diagrams for the Late Triassic Nianzishan intrusive rocks ( base map after refs. 27 and
28  respectively)
Ir. Trvine * 10 6 18

7 (a) (b) (
30 )
Fig. 7 Chondrite-normalized REE patterns ( a) and primitive mantle-normalized multi-element patterns ( b) for the Late

Triassic Nianzishan intrusive rocks( normalized data after ref. 30 )

(4.88%) Na,0/K,0 (2.5~6.5) *
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( L51E002013) ) : 2017.
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8 Y -Sr/Y( a)

Yby - ( La/Yb)

(b)(

32 43 )

Fig.8 Y vs.Sr/Y (a) and Yby vs. (La/Yb) (b) diagrams for the Late Triassic Nianzishan intrusive rocks ( base map after

refs. 32 and 43

respectively)

9

La — La/Sm( a)

Rb-Rb/Nd  (b)

Fig.9 Lavs. La/Sm (a) and Rb vs. Rb/Nd (b) diagrams for the Late Triassic Nianzishan intrusive rocks
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10 ( 46
10 )

Fig. 10 Harker diagrams for the Late Triassic Nianzishan intrusive rocks

. ( 10) .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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