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Fig. 2 Photos of outcrops.hand specimens and orthogonally polarized photos under microscope of

monzogranites in the Huma area
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Table 1 LA-ICP-MS zircon U-Pb dating results of monzogranites in the Huma area

— EEEA A /Ma

25 p /B8 | 2TPL/ATU | P Ph/2 O Ph| B2 TH P U | 2 Ph/ P U 1o “TpL/EP U 1o 2T pL/* 0 Ph 1o

PM4TC33-1 0.0278 0.1963 0.0511 0.95 177 2 182 3 247 27

PM4TC33-2 0.0281 0.1957 0. 0504 0.32 179 2 181 6 215 78

PM4TC33-3 0.0285 0.1974 0. 0495 0.16 184 2 183 3 171 38

PM4TC33-4 0.0279 0.1955 0. 0509 0. 40 177 2 181 4 234 43

PM4TC33-5 0.0273 0.1932 0.0513 0.41 174 2 179 3 255 38

PM4TC33-6 0.0272 0.1924 0.0513 0.71 173 2 179 3 254 32

PM4TC33-7 0.1273 1.1962 0.0682 0. 27 772 8 799 11 874 24

PM4TC33-8 0.0275 0.1929 0. 0509 0.33 175 2 179 3 237 36

PM4TC33-9 0.0278 0.1912 0.0498 0.37 177 2 178 3 187 30

PM4TC33-10 0.0278 0.1941 0. 0507 0.68 177 2 180 3 225 30
PM4TC33-11 0.1263 1. 2065 0.0693 0. 60 767 8 804 12 906 26
PM4TC33-12 0.0277 0.1947 0. 0509 1.07 176 2 181 2 236 26
PM4TC33-13 0.0277 0.1979 0.0519 1.02 176 2 183 2 280 26
PM4TC33-14 0.0274 0.1934 0.0512 0.72 174 2 179 2 248 26
PM4TC33-15 0.0278 0.1923 0.0502 0.18 177 2 179 3 204 32
PM4TC33-16 0.0273 0.1941 0.0515 0.43 174 2 180 2 263 28
PM4TC33-17 0.0277 0.1933 0.0506 0.42 176 2 179 2 224 27
PM4TC33-18 0.0276 0.1941 0.0510 0. 44 175 2 180 5 243 67
PM4TC33-19 0.0279 0.1931 0.0501 0. 87 178 2 179 2 200 28
PM4TC33-20 0.0277 0.1967 0.0515 0.31 176 2 182 6 264 75
PM4TC33-21 0.0370 0. 2857 0.0561 1.33 234 3 255 13 455 114
PM4TC33-22 0.0279 0.1930 0.0501 0. 38 178 2 179 3 200 29
PM4TC33-23 0.0279 0.1936 0. 0503 0. 86 178 2 180 3 208 27
PM4TC33-24 0.0276 0.1942 0.0510 0.19 176 2 180 4 239 44
PM4TC33-25 0.0278 0.1940 0.0507 0.46 177 2 180 3 225 34
PM15TC62-1 0.0278 0.1938 0. 0506 0.73 177 2 180 3 221 31
PM15TC62-2 0.0279 0.1923 0. 0500 1.12 177 2 179 3 196 39
PM15TC62-3 0.0280 0.1984 0.0513 0.49 178 2 184 8 256 98
PM15TC62-4 0.0285 0.1908 0.0486 0.63 181 2 177 3 126 37
PM15TC62-5 0.0286 0.1899 0.0482 0.92 182 2 177 3 109 53
PMI15TC62-6 0. 0280 0.1965 0.0510 0.95 178 2 182 4 240 49
PM15TC62-7 0.0277 0.1967 0.0515 0.45 176 2 182 3 262 36
PM15TC62-8 0.0277 0.1995 0.0522 1. 06 176 2 185 3 294 38
PMI15TC62-9 0. 0280 0.1936 0.0502 1. 20 178 2 180 4 205 43
PM15TC62-10 0.0278 0.1949 0.0509 0.75 177 2 181 3 234 31
PM15TC62-11 0.0281 0.1947 0.0502 0. 83 179 2 181 3 205 32
PM15TC62-12 0.0278 0.1966 0.0513 0.83 177 2 182 4 252 44
PM15TC62-13 0.0276 0.1962 0.0515 0.70 176 2 182 10 265 128
PM15TC62-14 0.0737 0.5729 0.0564 0.61 458 5 460 9 467 42
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Fig. 3 Partial zircon CL image of monzogranites in the Huma area
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Fig. 4 Zircon U-Pb age harmony diagram and weighted age diagram of monzogranites in the Huma area
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Table 2 Composition of major elements and trace elements of early Jurassic monzogranites in the Huma area

=223 PMI15TC62 PM4TC33 PMI12LT1 LT45 LT53 LT54 LT67 LT68
Sio, 74.33 73.87 70. 54 70. 61 73.57 71. 69 72.99 72.23
TiO, 0.09 0.06 0.29 0.22 0.17 0.10 0.21 0.31
AL O, 13.82 13.75 15.11 14. 37 14. 64 14. 89 15.03 14.95
Fe, O, 0. 34 0.29 0.45 1.79 0.27 0.63 0.39 1. 96
FeO 2.04 2.35 2.57 2.45 1.64 3.21 1.42 0.74
MnO 0.038 0.051 0.073 0.024 0.022 0.028 0.008 0.020
MgO 0. 34 0.39 0.54 0.58 0.58 0.54 0. 30 0.69
CaO 0.66 0.72 1.65 1.68 1. 86 1.74 0.36 0.93
Na, O 3.619 2.980 1. 356 3.334 3.743 4.969 3.811 3.154
K,O 3.810 4,781 3.739 4.077 3.686 1.228 1.305 3.744
P,0, 0.05 0.05 0.13 0.13 0.08 0.25 0.09 0.14
LOS 0.18 0.16 0.13 0.11 0.24 0.04 1.14 1.25
Total 99. 32 99. 45 99. 55 99. 37 100. 48 99. 31 100. 05 100. 11
TFe, O, 2.63 2.92 3.32 4,54 2.08 1.23 1.99 2.81
Mg # 23.31 23.85 27.60 23.07 39. 37 23.07 26. 21 36. 63
Na, O+K, O 7.49 7.82 8.14 7.47 7.41 6.24 8.21 6.98
Na, 0/K,0 0.95 0.62 1.17 0.82 1.02 1.05 0.89 0.84
DI 89. 28 88.50 84.52 83.21 85.15 81.76 91.17 86.17
A/NK 1.37 1.36 1.35 1.45 1.44 1.57 1.38 1.62
A/CNK 1.23 1.21 1.06 1.11 1.08 1.18 1. 30 1.37
AR 3.00 2.40 2.87 2.42 2. 64 2.19 2.96 2.32
o 1.76 1.95 2.37 1.98 1.81 1.33 2.19 1.62
R1 2730 2689 2199 2465 2646 2634 2474 2771
R2 362 369 503 494 514 509 352 432
A/MF 3.30 2.93 2.71 1.99 3.55 2.21 1.59 2. 82
C/MF 0.29 0.28 0.54 0.42 0. 82 0.47 0. 20 0.32
La 11. 90 11. 90 15.90 33.20 15. 80 23. 60 15.30 37.90
Ce 22.60 22.40 33.90 55. 40 31.50 48. 80 30. 50 82. 80
Pr 2.66 2.90 3.95 5.35 3.37 5.41 3.00 8.39
Nd 8.86 10. 10 13.30 17. 80 12.00 20. 40 10. 50 28. 80
Sm 1.63 2.12 2.35 2.07 2.32 1.10 1.84 1.72
Eu 0.38 0.73 0. 82 0.97 0.73 1.43 0.59 1. 00
Gd 1.46 1.70 1.98 1.89 2.08 3.43 1.54 1.03
Th 0.23 0. 24 0. 27 0.16 0.34 0.50 0.19 0.52
Dy 1.38 1.27 1.37 0.63 2.20 2.69 0.98 2.75
Ho 0. 26 0.23 0. 24 0.12 0.44 0.47 0.17 0.48
Er 0.58 0.54 0.56 0.40 1.43 1.32 0.50 1.38
Tm 0.09 0.10 0.09 0.06 0.23 0.18 0.07 0.18
Yb 0. 64 0.73 0.72 0. 44 1.48 1.09 0.45 1.09
Lu 0.10 0.13 0.12 0.09 0.24 0.17 0.07 0.17
Y 6.01 1.95 5.65 3.37 12.00 12. 60 4,64 12.30
SREE 52.77 55.09 75.57 118.58 74.16 113.59 65. 70 174. 21
LREE 18.03 50.15 70. 22 114.79 65.72 103. 74 61.73 163. 61
HREE 4.74 4.94 5.35 3.79 8. 44 9.85 3.97 10. 60
LREE/HREE 10.13 10.15 13.13 30. 29 7.79 10.53 15.55 15.43
Lay/Yby 13.34 11. 69 15. 84 54.12 7.66 15.53 24.39 24.94




38 % 2w TG A PR VTR 3l X K A A PR B R R L 277
gk 2
[E=2 PM15TC62 PM4TC33 PM12LT1 L T45 LT53 LT54 LT67 LT68
Yhy 3.76 4.29 4,24 2.59 8. 71 6.41 2. 65 6.41
SEu 0.75 1.18 1.16 1.50 1.02 1.17 1.07 0.70
5Ce 0.98 0.93 1.05 1.02 1.06 1.06 1. 10 1.14
Cr 8.70 9. 60 11.4 8. 60 6.00 11.6 9. 00 9.30
Ni 5.51 4.69 8. 54 5.91 5.59 9.39 5. 30 5.34
Co 1.54 2.23 2.75 3.03 1.92 4. 30 2.11 2. 44
Rb 72.0 120 108 124 78.0 72.0 224 133
Pb 24.6 36.0 22.1 21.9 25.3 36.5 23.0 20.9
Th 1. 36 6.40 7.67 15.1 8.78 1.71 6.54 6.16
U 0.16 0.74 2.37 1.39 0.81 0.62 1.29 2.62
Sr 136 194 593 499 469 266 120 119
Ba 636 636 1246 1795 864 614 163 396
\% 8. 40 9.30 15. 4 24.2 11.1 8. 60 5.90 11.2
Sc 4. 54 3.06 2.38 1.49 2.78 3.41 3.17 5.62
Nb 8. 00 9.70 9. 90 6.30 7.30 5. 80 9.00 7.25
Ta 0.32 0.86 1.04 0.37 0.81 0.49 0.85 0. 60
Zr 50.0 47.0 138 168 78.0 23.0 51.0 97.0
Hf 2.10 2. 00 4,20 5. 60 3. 30 1.90 2. 80 3. 60
B 20. 3 2.70 4.03 2.61 2. 89 2.87 6.37 13.3
Li 14.9 2. 40 28.1 9.08 4.01 3.17 22.2 25.5
Ga 18.0 18.3 18.6 19.1 17.6 17.9 19. 81 20. 02
Sn 2.11 1.13 1.57 1.88 1.25 1.34 7.58 4.86
F 309 114 327 315 131 131 454 334
W 1.69 7.45 0.45 0.76 0.12 0. 35 1. 40 0. 81
Mo 0.62 0.39 0.98 0.54 0.37 0.97 0. 46 0.96
Bi 0.15 0. 097 0.18 0. 047 0.011 0.011 0.14 0.038
Cu 10.3 6. 80 13.1 21.2 4. 60 9. 30 7. 80 7.00
Zn 31.2 18.8 44. 4 34,2 18.8 18.7 15.3 26.8
Ag 0.053 0.033 0.045 0.035 0.025 0.026 0.023 0.021
As 1.20 1. 00 1. 40 0.40 0.29 0. 60 3. 40 6. 00
Be 0.76 2.18 1.92 2. 60 2.23 1.56 6.54 5.22
Cl 45.0 32.0 21.0 20.0 31.0 24.0 22.0 22.0
Hg 0.022 0.010 0.010 0. 004 0.005 0. 004 0.006 0.005
P 128 141 436 411 161 74.0 562 332
Sh 0.33 0.16 0.27 0.16 0.17 0.18 0.28 0.19
Te 0.008 0.012 0.011 0.021 0.023 0.022 0.029 0.028
Sr/Y 22.63 39.19 104. 96 148. 07 39.08 21.11 25. 86 9.67
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Fig. 5 Na, O+K,0-Si0,"" (a)K, 0-Si0,™ (b) A/NK-A/CNK™ (¢) and

(d) P,0,-Si0, " (d)diagrams of early Jurassic monzogranites in the Huma area
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Fig. 6 Chondrite normalized REE distribution map(a) and primitive mantle normalized trace element spider

diagram (b)™" of early Jurassic monzogranites in the Huma area
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early Jurassic monzogranites in the Huma area
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The petrogenesis and geological significance of early Jurassic monzogranites
in the Huma area of Heilongjiang Province

CHENG Xueguang' ,ZHANG Kun”*,SHI Dongyan®"”, YIN Wenhui' ,ZHANG Chen’
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Abstract: By means of petrology, chronology and lithogeochemistry, this article studies the early Jurassic
monzogranites in the Huma area of Heilongjiang Province, located in the northeast of the Great Xing'an
Mountains, revealing their petrogenesis and tectonic background. The diagenesis time of the Early Jurassic
monzogranites in the study area ranges from (176.330.8) Ma to (177.7=%1.1) Ma, characterized by high
silicon, medium to low potassium., moderate magnesium iron, and poor calcium in lithogeochemistry. The
rocks belongs to the high potassium calcium alkaline series, enriched in light rare earth elements (LREE)
and large ion lithophilic elements (Rb, K, Sr, Ba, etc.),but depleted in heavy rare earth elements (HREE)
and high field strength elements (Nb, Ta, Ti, P, Zr, etc. ), with no significant negative Eu anomaly (0. 70-
1.50). Compare to the increase of SiO,, the monzogranites shows a decrease trend in P, , with relatively
high Sr/Y (9. 67-148.07) and Lay/Yby (7. 66-54.12) ratios, low Mg # (23.07-39.37), Cr (6.00-11.60) X
10 °, and Ni (4.69-9.39) X 10 °values, indicating the characteristics of I-type granites. Its Nb/Ta ratio is
slightly higher than the average of the continental crust, and the Th content is between the abundance values
of the crust and mantle, indicating the addition of mantle derived components. The tectonic background map
shows that most of the samples fell into a volcanic arc environment. Based on the distribution characteristics
of intrusive rocks of similar ages in the region and its geochemical characteristics, it is speculated that the
magma formed in a continental margin arc environment related to the southward subduction of the Mongoli-
an-Okhotsk Ocean.

Keywords: monzogranite,zircon U-Pb dating,petrochemistry, Huma area, Heilongjiang



