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Abstract: The Duobaoshan area, situated within the contact zone between the Xing’an and Songnen
blocks in the eastern part of Xing’an-Mongolia orogenic belt, holds significant importance in the study
the tectonic evolution of Nenjiang-Heihe Ocean, which is the north branch of Paleo-Asian Ocean. In this
paper, we present a detailed investigation of petrology., geochronology and geochemistry of the granite
porphyries exposed in the western Duobaoshan area with the aims to identify their geochronology and
petrogenesis, and further to reveal the tectonic-magmatic evolution associated with the Nenjiang-Heihe
Ocean. The investigated granite porphyries are flesh red, with multi porphyry structure and massive
structure. Their phenocrysts predominantly comprise potassium feldspar, quartz and a small amount of
plagioclase. The matrix is mainly composed of felsic minerals with microcrystalline structure and minor
biotites. The LA — ICP -~ MS U — Pb zircon age suggest the granite porphyry formed at Late Devonian
(365.1 = 2.6 Ma). Moreover, the granite porphyries are geochemically characterized by high SiO, and
K, O contents, along with low CaO, MgO and Al, O; compositions, and high TFeO/MgO and Rb/Sr
ratios. They are enriched in Rb, Th, Zr and Hf, and depleted in Sr, Ba, Eu, Ti, P, with swallow-like
REE patterns and negative Eu anomalies, showing the characteristics of A — type granite. Distinguished
from highly differentiated 1 - type and S — type granites, they display a high Zr/Hf ratio, Na,O, TFeO
content and relatively low P,O;, Rb content. The low MgO, and Cr contents and Mg® values, together
with their characteristic trace element ratios, indicated the predominant crustal source contribution.
Based on the regional geology and the geochemical characteristics of the studied rocks., we concluded
that the granite porphyry is an Al subtype granite, which has the geochemical characteristics of both
volcanic arc and intraplate granite. Furthermore, we infer that the granite porphyry should be formed in
the local extensional environment during the northward subduction of Nenjiang-Heihe Ocean.

Key words: Late Devonian; zircon U — Pb age; geochemistry; A — type granite; granite porphyry;

the Duobaoshan area, Heilongjiang Province
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Fig.2 Micrograph of Late Devonian granite porphyry in the study area
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Table 1 Sample table of Late Devonian granite porphyry in
the study area
e R HURE A b FET U5
039U - Ph95 L ., e
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039Gs95
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111Gs57 50°12'03.24"N 125°31'00.00"E
111Gs90 50°11'28.90"N 125°32'08.16"E
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Table 2 U — Pb age test results of zircon LA — ICP — MS from Late Devonian granite porphyry in the study area
wp/107° [ 2 1l A% /Ma
M5 Th/U  207pby/ 207pb/ 206Ph/ 207Pb/ 27Ph/ 206Ph/
Pb Th — lo msy lo - lo ip, lo iy 0y lo
1 191 956 2874 0.33 0.0549 0.000 0.4451 0.0122 0.058 8 0.0011 406 44 374 9 368 7
2 59 397 859 0.46  0.054 6 0.000 0.446 8 0.010 0 0.059 4 0.0010 398 37 375 7 372 6
3 162 1295 2286 0.57 0.0548 0.000 0.450 6 0.009 1 0.059 7 0.001 1 467 28 378 6 374 7
4 124 957 1652 0.58 0.0533 0.000 0.456 1 0.008 0 0.0621 0.000 9 343 33 382 6 388 5
5 16 138 230 0.60  0.057 1 0.002 0.470 2 0.024 7 0.059 4 0.001 2 494 58 391 17 372 7
6 81 551 1155 0.48 0.056 8 0.001 0.463 1 0.0135 0.059 0 0.0009 483 84 386 9 370 5
7 8 71 110 0.64 0.051 5 0.003 0.410 1 0.022 9 0.0584 0.0009 261 135 349 16 366 6
8 63 356 940 0.38 0.053 6 0.000 0.431'1 0.0102 0.058 3 0.0011 367 39 364 7 365 6
9 31 274 450 0.61 0.053 5 0.001 0.429 1 0.0139 0.058 2 0.0011 1813 58 649 13 369 4
10 97 528 1439 0.37 0.056 1 0.000 0.455 6 0.009 8 0.059 0 0.0011 350 55 363 10 365 7
11 49 286 731 0.39  0.054 1 0.001 0.439 3 0.0105 0.059 0 0.001 1 457 25 381 7 369 7
12 180 1280 2601 0.49 0.0525 0.000 0.427 4 0.008 3 0.059 0 0.000 9 376 36 370 7 369 7
13 94 772 1374 0.56 0.053 1 0.000 0.420 6 0.008 3 0.057 5 0.000 8 309 31 361 6 370 6
14 111 867 1587 0.55 0.054 1 0.000 0.428 3 0.007 4 0.057 4 0.000 7 345 39 356 6 360 5
15 46 306 664 0.46  0.060 3 0.001 0.483 0 0.0126 0.0580 0.0009 376 31 362 5 360 4
16 141 1108 2039 0.54 0.0522 0.000 0.416 0 0.010 7 0.057 7 0.000 9 613 41 400 9 363 6
17 61 473 854 0.55 0.051 4 0.001 0.4117 0.009 6 0.058 2 0.000 9 295 37 353 8 361 5
18 71 472 971 0.49  0.057 4 0.001 0.497 8 0.0171 0.0627 0.0014 257 46 350 7 365 6
19 43 302 636 0.47 0.053 9 0.001 0.4353 0.0119 0.058 6 0.000 9 506 56 410 12 392 9
20 225 1419 3139 0.45 0.0573 0.001 0.4953 0.0147 0.0627 0.0011 369 49 367 8 367 5
21 59 410 898 0.46  0.053 6 0.001 0.427 7 0.010 3 0.057 9 0.0010 1220 79 585 23 434 10
22 57 462 839 0.55 0.0555 0.001 0.434 7 0.009 8 0.056 8 0.000 7 502 50 409 10 392 7
23 191 956 2874 0.33 0.0549 0.000 0.4451 0.0122 0.0588 0.0011 709 55 414 10 362 5
24 59 397 859 0.46  0.054 6 0.000 0.446 8 0.010 0 0.059 4 0.001 O 354 44 362 7 363 6
25 162 1295 2286 0.57 0.0548 0.000 0.450 6 0.009 1 0.059 7 0.0011 432 43 366 7 356 4
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Fig.3 Zircon CL images of Late Devonian granite porphyry in the study area
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Fig.4 Maps showing U — Pb concordia diagrams (a) and mean age (b) for Late Devonian granite porphyry in the study area
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Table 3 Data table of major elements and trace elements of Late Devonian granite porphyry in the study area

Feds  SiO.  TiO: AL O; Fe;O; FeO  MnO  MgO  CaO  Na,O K,O P,O; He&kit  HA K0 A/CNK
039Gs95  76.72  0.09 1250 1.08  0.57  0.02  0.12  0.27 2.85 4.73 0.06 0.88 99.89  7.58 1.21
Gs1801 7712 0.14 11.87 2.05 0.15  0.02  0.04 0.8 3.17 4.87 0.02 0.20 99.83  8.04 1.10
Gs3837  76.02 0.12 12,13 1.66  0.69  0.02  0.12  0.38 3.20 5.18 0.03 0.18 99.73  8.38 1.05
111Gs57 74.84 0.15 12.86 1.64  0.72  0.06  0.09  0.27  3.20 5.16 0.04  0.34  99.37  8.36 1.13
111Gs90  73.38  0.20 13.64 1.67  0.54  0.04  0.11  0.44  3.59 543 0.03  0.32  99.39  9.02 1.08
FfE  A/NK TFeO T;:())/ R, R, AR Mg® S Cr Rb Sr Y Nb Ba La
039Gs95 1.27  1.48 12.37 2946 280.0 2.61  14.49 524  30.0 170 46 3520 36.3 82 21.8
Gs1801  1.13  1.98 49.49 2812 2541 3.22  4.07  5.66 137 98 21  8.68 17.2 23 75.9
Gs3837  1.12 211 17.62 2651 284.6  3.09 10.64 598 356 108 38  11.70  18.1 92 65.2
111Gs57  1.19 212 23.59 2576 285.6 2.90  8.16  5.26 18.8 109 38  23.90 20.8 116 84.8
111Gs90  1.16  1.99 18.08 2280 320.1  3.08 10.39  5.46 23.8 119 38  22.70 21.4 104 58.7
BESLE Ce Pr Nd  Sm Eu Gd Th Dy Ho Er Tm  Yb Lu Zr Hf
039Gs95  63.3  6.09 232 532 0.11 565  1.09  7.02 1.45 4.37 0.63  3.99  0.65 162 5.9
Gs1801  148.0 13.50 41.4  5.07 0.12  3.20  0.35  1.92 0.36 111 0.16 1.05 0.19 217 5.3
Gs3837  194.0 13.40 427  5.95  0.17  4.02  0.48 2,58  0.50 1.50 0.23 1.50  0.26 217 5.4
111Gs57 196.0 19.10 61.4  9.15  0.20  6.24  0.93  4.62  0.86 2.54 0.39  2.37  0.33 238 6.0
111Gs90  187.0 13.40 43.3  6.57  0.18 491  0.75  3.97 0.78 2.40 0.37  2.36  0.30 231 5.8
H&S Ta Th U 0Eu LREE HREE LREE/ S REE (La/ (La/t (Gd/ Nb/Ta Zr/Hf Tar/C
HREE Yh)x  Smix Yb)n

039Gs95  3.58 18.7 2.04 0.06  119.82  24.85 4.82 144.67 3.92 2.65 1.17 10.14  27.46  807.87
Gs1801 1.35 12.2 0.67 0.08  283.99 8.34 34.05 292.33  51.85 9.66 2.52 12.74  40.94  825.41
Gs3837 1.14 11.7 1.31 0.10  321.42  11.07 29.04 332.49  31.18 7.07 2.22 15.88  40.19  819.25
111Gs57  1.10 14.2 1.55 0.08  370.65 18.28 20.28 388.93  25.67 5.98 2.18 18.91 39.67  834.73
111Gs90  1.16 13.0 1.29 0.09  309.15 15.84 19.52 324.99  17.84 5.77 1.72 18.45  39.83  824.62

W R ICE R AEAA R Y s B R G R AR 1078, Ry =4Si—11(Na+K) —2(Fe+Ti),R:=6Ca+2Mg—+ Al,
HIEERNTHET.
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Fig.7 Rock type discrimination diagrams for Late Devonian granite porphyry in the study area
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Table 4 Data table of major elements and trace elements of Late Devonian granite porphyry in the study area

FE i Rb/Sr Ti/Zr Ti/Y Rb/Y Rb/Nb Rb/U Ba/Sr La/Yb La/Sm  La/Nb
039Gs95 3.70 3.33 15.33 4.83 4.68 83.33 1.78 5.46 4.10 0.60
Gs1801 4.67 3.87 96.68 11.29 5.70 146.27 1.10 72.29 14.97 4.41
Gs3837 2.84 3.31 61.48 9.23 5.97 82.44 2.42 43.47 10.96 3.60
111Gs57 2.87 3.78 37.62 4.56 5.24 70.32 3.05 35.78 9.27 4,08
111Gs90 3.13 5.19 52.81 5.24 5.56 92.25 2.74 24.87 8.93 2.74
FHE 3.44 3.90 52.78 7.03 5.43 94.92 2.22 36.37 9.65 3.09
Ji s b 0.03 116.07 285.71 0.14 0.89 30.24 0.33 1.39 1.55 0.96
Kblidhse A 0.12 54.00 270.00 1.60 2.91 35.16 0.96 7.27 4.57 1.45
KBl h5e B 0.15 31.82 221.05 2.58 6.13 37.69 1.43 10.53 5.13 2.50
B Sm/Nd Y/Nb Yb/Ta Nb/Th Nd/Th Th/La Th/Yb Nb/Ta Nb/U
039Gs95 0.23 0.97 1.11 1.94 1.24 0.86 4.69 10.14 17.79
Gs1801 0.12 0.50 0.78 1.41 3.39 0.16 11.62 12.74 25.67
Gs3837 0.14 0.65 1.32 1.55 3.65 0.18 7.80 15.88 13.82
111Gs57 0.15 1.15 2.15 1.46 4.32 0.17 5.99 18.91 13.42
111Gs90 0.15 1.06 2.03 1.65 3.33 0.22 5.51 18.45 16.59
T E 0.16 0.87 1.48 1.60 3.19 0.32 7.12 15.22 17.46
Ji e b 0.33 6.38 12.02 8.39 15.93 0.12 0.17 17.39 33.95
KB HLFE A 0.22 1.82 2.20 3.14 4.57 0.22 1.59 11.00 12.09
KB #b5E B 0.20 2.38 2.71 1.43 3.57 0.28 2.95 11.43 6.15

TR R e B 5| 1A SCRRE340 5 KB shre A 5] B SCHRE53] 5 Kifise B Bl 51 B SCHkE54].
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Fig.8 Discrimination diagrams of A; and A, type granites of Late Devonian granite porphyry in the study area
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