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Abstract: Northeast China is located between the North China Craton and Siberian plate, and belongs to the
eastern part of the Central Asian Organic Belt. It has experienced complex and long-term orogenesis and
multi-blocks collision. In recent years, geologists have made great progress in the study of the tectonic evolution
history of northeast China. However, they have not arrived at a common understanding of some scientific issues,
such as the petrogenesis and dynamic geological processes of Mesozoic volcanic rocks in northeast China. In order
to investigate these issues, we chose Mesozoic basalts in the Northern Great Xing’an Ridge as research objects and
analyzed their major element, trace element, and Sr-Nd-Pb isotope compositions, in addition to the major and trace
element compositions of olivine phenocrysts and Sr isotope compositions of plagioclase phenocrysts. Our
conclusions are as follows: 1) Mesozoic volcanic rocks experienced different degrees of alteration and crustal
contamination; hence, the whole rock represents a “mixture” after experiencing various geologic processes, which
makes it difficult to identify the nature of the source and petrogenesis. The primary melts of Late Jurassic volcanic
rocks underwent the crystallization of olivines, clinopyroxenes, and Fe-Ti oxides, while the primary melts of Early

Cretaceous volcanic rocks experienced the crystallization of clinopyroxenes and plagioclases. 2) Olivine
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phenocrysts from Late Jurassic basalts contained a low Mn content, high Ni content, and high Fe/Mn ratios, all of

which indicate that pyroxenitic components contributed to the Late Jurassic source lithology. Meanwhile, olivine

phenocrysts from Early Cretaceous basalts contained relatively low Ni and Cr contents, a high Mn content, and

low Ni/Co and Fe/Mn ratios, which were similar to olivine phenocrysts from a peridotite source, thus suggesting

that the Early Cretaceous source consisted of peridotites. 3) Late Jurassic basalts were related to the subduction of

the Mongolia-Okhotsk Ocean, whereas Early Cretaceous basalts were more likely to have formed in the

lithospheric extensional environment after the closure of the Mongolia-Okhotsk Ocean.
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Fig.1 Detailed volcanic distribution in northeastern China and sampling spots (a) and tectonic subdivisions of northeastern China (b)
(a) HEICHR[131ERL; (b) HEICHRI31ME K
(a) Modified from reference [13] and (b) from reference [3]
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Fig.2 Microscopic photographs of the study area
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Fz2 JERMBRIEPERZRE Sr-Nd-Pb FEHIHEAERK

Table 2 Sr—Nd-Pb isotope compositions for the Mesozoic basalt of the Northern Great Xing’an Ridge
S YRbASSr ¥srfsr SE (Se*Sry Sm/'Nd 'PNd/MNd SE (UNA/MNA) ena(® PP 27Pb/A%Pb 2°Pb/ AP
LQI16-1  0.4497 0.706666 0.000008 0.705644  0.1019  0.512502 0.000005  0.512396  —0.7  38.412 15.570 18.527
LQ16-2-1  0.0932 0.705288 0.000008 0.705076  0.1178 0512656 0.000004  0.512533 2.0  38.294 15.557 18.453
LQI16-2-2  0.0996 0.705305 0.000010 0.705078  0.1148  0.512661 0.000006 0512540 2.1 38288 15.557 18.450
LQ16-2-3  0.1005 0.705267 0.000010 0.705039  0.1192 0512659 0.000004  0.512534 2.0 38290 15.557 18.452
LQ16-4-2  0.1969 0.706349 0.000010 0.705901  0.1043 0512525 0.000004 0.512416 —0.3  38.521 15.576 18.580
LQI16-6 02397 0.706160 0.000009 0.705615  0.1032  0.512529 0.000004  0.512421  —0.2  38.472 15.569 18.529
LQ16-7  0.1176 0.705133 0.000011 0.704865  0.1204  0.512706 0.000006 0512580 2.9  38.345 15.566 18.491
LQI6-8  0.1137 0.705145 0.000008 0.704886  0.1218  0.512692 0.000005  0.512564 2.6 38319 15.560 18.470
LQ16-9  0.1119 0.705145 0.000010 0.704891  0.1216  0.512686 0.000004 0512559 2.5  38.320 15.561 18.476
LQI16-10  0.1124 0.705117 0.000010 0.704861  0.1207  0.512692 0.000005  0.512565 2.6 38313 15.560 18.472
BYS16-1  0.1576 0.705608 0.000007 0.705248  0.1000  0.512575 0.000007  0.512470 0.8 38319 15.561 18.453
BYS16-2 02051 0.706049 0.000010 0.705580  0.1047  0.512532 0.000004  0.512422  —02 38373 15.568 18.501
BYS16-3  0.1895 0.706018 0.000010 0.705584  0.1024  0.512541 0.000004  0.512433 0.0 38386 15.570 18512
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(#%k2)
5 YRbASSr ¥sefsr SE 0 (sesry Sm/'Nd 'PNd/MNd SE (UNA/MNd) ena(® PbA%Pb 2PbA%Pb  2°°Pb/*Pb
BYS16-4  0.1998 0.706004 0.000011 0.705547  0.1008  0.512547 0.000004  0.512441 02 38384 15.569 18.507
BYS16-5-2  0.1468 0.705569 0.000010 0.705233  0.1015  0.512586 0.000005 0.512479 09  38.287 15.559 18.425
BYS16-6  0.1638 0.705505 0.000009 0.705131  0.1016  0.512595 0.000005 0.512488 1.1 38335 15.556 18.455
BYS16-7  0.1401 0.705736 0.000010 0.705415  0.1083  0.512536  0.000005 0512422 0.2  38.383 15.560 18.499
BYS16-8  0.1654 0.705763 0.000010 0.705385  0.1087  0.512536 0.000005 0.512421  —02  38.380 15.559 18.498
BYS16-9  0.1529 0.705748 0.000010 0.705398  0.1085  0.512532 0.000005 0512418  -0.3 38384 15.561 18.500
BYS16-10  0.1567 0.705730 0.000009 0.705371  0.1078  0.512530 0.000005  0.512417  —0.3  38.386 15.562 18.499
BYS16-11  0.1586  0.705730 0.000009 0.705367  0.1090  0.512525 0.000004  0.512410  —0.4  38.382 15.560 18.500
JGD16-1 02329 0.705524 0.000011 0.705147  0.1021 0.512606  0.000004 0512529 0.7 38279 15.559 18.433
JGD16-2 02673 0.705632 0.000010 0.705199  0.1157  0.512604 0.000005 0.512518 0.5  38.290 15.558 18.421
JGD16-3  0.1132  0.705066 0.000010 0.704883  0.1022  0.512659 0.000005  0.512583 1.8 38204 15.545 18.380
JGD16-4 02174 0.705363 0.000007 0.705010  0.1161 0.512629  0.000003  0.512543 1.0 38235 15.558 18.403
JGD16-5  0.1478 0.704791 0.000010 0.704549  0.1122  0.512681 0.000005 0512597 2.1 38302 15.541 18377
JGD16-6  0.1057 0.704879 0.000012 0.704706  0.1227  0.512691 0.000004  0.512599 2.1  38.298 15.545 18.415
JGD16-7  0.1614 0.704869 0.000009 0.704605  0.1220  0.512694 0.000005  0.512602 2.2 38306 15.546 18.419
JGD16-8  0.0858 0.704847 0.000011 0.704706  0.1223  0.512684 0.000004  0.512591 2.0 38297 15.544 18.417
JGD16-9  0.1351 0.704847 0.000009 0.704626  0.1257  0.512682 0.000004 0512588 1.9 38301 15.544 18.420
JGD16-10  0.1699  0.704844 0.000011 0.704566  0.1245 0.512680  0.000004  0.512586 1.9  38.306 15.546 18.414
JGD16-11  0.1039  0.704876 0.000009 0.704706  0.1242  0.512686 0.000004  0.512592 2.0 38311 15.547 18.425
JHBI6-1  0.0526 0.704464 0.000009 0.704373  0.1073 0.512659  0.000004 0512574 1.8 38.190 15.532 18276
JHB16-2  0.2585 0.704786 0.000009 0.704338  0.1152  0.512599 0.000006  0.512507 0.5  38.358 15.548 18.422
JHBI6-3  0.0768 0.704607 0.000010 0.704473  0.1076  0.512665 0.000005 0.512580 1.9  38.268 15.535 18.334
JHB16-4  0.2457 0.705253 0.000010 0.704827  0.1066  0.512562 0.000004 0512477  —0.1 38373 15.551 18.455
JHB16-5  0.3332 0.705457 0.000011 0.704879  0.1112  0.512579 0.000005 0.512490 0.2 38308 15.548 18.448
JHB16-6  0.2609 0.705268 0.000010 0.704815  0.1046  0.512580 0.000005 0512497 0.3 38315 15.536 18.435

T R H X FA 2 A HE R 160 Ma;
LE B HEE] 122 Ma,

CL A L b X [0 3R AR HE ) 161 Ma iR 5 2 st DX [ 37 3R LUAEAS HE S 114 Ma; i3t IX [ 37 3%

F3 WOAAXHZRIRZREHRAME T RER(ng/g)
Table 3 Trace element compositions (ng/g) of olivine phenocrystals in northern Great Xing’an Ridge basalts
5 JGD16-8-11 JGD16-8-12 JGD16-8-13 JGD16-8-14 JGD16-8-15 JGD16-8-16 JGD16-8-17 JGD16-8-18
Fo 81.4 80.7 79.4 75.4 75.6 78.4 77.2 73.7
Li 16.95 18.82 41.44 18.59 17.70 19.51 16.09 16.72
Sc 10.74 9.21 9.34 10.33 10.36 10.25 10.26 11.07
\% 11.30 9.18 10.55 17.22 15.25 13.59 13.33 16.57
Cr 184 169 122 65 49 97 71 48
Co 176 172 176 180 180 178 178 179
Ni 969 1091 799 587 535 681 577 465
Zn 165 165 178 231 227 195 192 252
5 JGD16-9-177  JGD16-9-178  JGD16-9-179  JGD16-9-180  JGD16-9-181  JGD16-9-182  JGD16-9-183  JGD16-9-191
Fo 82.0 81.6 82.5 83.3 79.1 82.1 79.6 83.8
Li 6.41 7.66 6.26 6.97 9.99 7.46 8.22 5.36
Sc 6.58 6.66 5.58 5.67 6.86 6.02 6.50 5.46
\% 5.49 5.04 4.93 4.53 4.53 4.47 4.08 5.45
Cr 204 154 144 230 169 256 82 245
Co 178 174 172 167 174 166 172 160
Ni 1963 1840 2088 2230 1541 2180 1354 2237
Zn 209 234 207 220 257 217 232 190
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(% 3)
B 5 LQ16-7-7 LQ16-7-8 LQ16-7-9 LQ16-7-10 LQ16-7-11 LQ16-7-12 LQ16-7-13 LQ16-7-21
Fo 82.0 81.6 82.5 83.3 79.1 82.1 79.6 83.8
Li 6.41 7.66 6.26 6.97 9.99 7.46 8.22 5.36
Sc 6.58 6.66 5.58 5.67 6.86 6.02 6.50 5.46
Y 5.49 5.04 4.93 4.53 4.53 4.47 4.08 5.45
Cr 204 154 144 230 169 256 82 245
Co 178 174 172 167 174 166 172 160
Ni 1963 1840 2088 2230 1541 2180 1354 2237
Zn 209 234 207 220 257 217 232 190
B 5 LQ16-8-151 LQ16-8-152 LQ16-8-153 LQ16-8-154 LQ16-8-155 LQ16-8-156 LQ16-8-157 LQ16-8-158
Fo 81.6 84.2 85.7 83.8 83.5 85.8 83.9 84.8
Li 6.81 4.49 3.63 3.68 3.72 2.32 4.70 10.11
Sc 6.26 5.98 5.53 6.05 7.08 5.82 5.79 5.53
Y 5.28 6.98 5.12 4.57 7.84 7.84 5.25 7.94
Cr 213 291 311 200 85 194 243 266
Co 180 180 173 181 181 174 176 170
Ni 1831 2635 2828 1983 1425 3318 2270 2916
Zn 227 164 157 159 187 158 180 155
TE: WA Fo (%) = 100 x Mg/(Mg + Fe)
8000 20%° WA
* AR W
= il stE s A P
o Wi ’
6000 || & ows /
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_ A Wik IHROALTT /
% w000 | | mmsiAms e
z e
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K7 MBI Ni 5 Fo [fig

Fig.7 Ni vs. Fo for olivines from high Mg basalts

i BB 1 SCIR[46] 0 4 (20 1Ay DX 3l MIOASE o 3 0 il DX 3, RO €8 DXl R 1L 8 208 il DX k. MIROB. B Jal 3R &gl 5| Sk

[17]; ¥ A A 8RS [ STk [46]

Modified from reference [46]. Light grey field shows range of melts is created from serially melting peridotite. Dark grey field indicates
pyroxenite mantle source. MORB and Hawaii are after reference [17], and orogenic belt rocks after reference [46]
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Fig.8 Crvs. Fo (a) and Ni/Co vs, Fo (b) for olivines from high Mg basalts
IR IR Ni/Co = 201, RFABERRERR L HIIR(BSE) . #u# (core) FIERKL I 41 (chondrites) M B(E . i Sk B R IRl 5 1m 47 B A
KPER T A R AR M T MRS AECA KA . MORB, BB . RS A BB S| A SCTEk[17)
Grey field shows Ni/Co = 20, representing estimated value of BSE, core and Chondrites. Arrows show two different trends, one of which point
at top right corner indicating olivine compositions due to the mantle melting (melting) and the other indicating magma crystallization (cryst).
MORB, Hawaii and komatites are after reference [17]
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F4 ERAHRIRZRERKA Sr BAERAM
Table 4 Sr isotope compositions of plagioclase phenocrystals in Northern Great Xing’an Ridge basalts
it iE
H e ;;ﬁj\ YsrMsr  SE Msesr SE i*s)r (XTOIE’V) # = ii\ YsrfSsr  SE MspfSsr SE T\f)r (xiso}?\/)
(pm) (pm)
BYS16-10-1 82 0.70527 0.00004 0.05652 0.00003 2.93 0.01 ([BYS16-3-1 82 0.70539 0.00005 0.05660 0.00002 3.13 0.01
BYS16-10-2 82 0.70518 0.00005 0.05650 0.00002 2.82  0.00 |BYS16-3-2 82 0.70545 0.00004 0.05657 0.00002 3.57  0.00
BYS16-10-3 82  0.70496 0.00005 0.05654 0.00003 2.46 0.00 |BYS16-3-3 82 0.70546 0.00005 0.05653 0.00002 3.02  0.01
BYS16-10-4 82  0.70537 0.00004 0.05671 0.00003 2.93  0.00 [IBYS16-3-4 82 0.70536 0.00005 0.05650 0.00002 3.49  0.00
BYS16-10-5 82  0.70478 0.00006 0.05650 0.00003 2.37  0.00 |[[BYS16-3-5 82 0.70535 0.00004 0.05659 0.00002 3.28  0.00
BYS16-10-6 82 0.70489 0.00005 0.05650 0.00003 2.47 0.00 |BYS16-3-6 82 0.70543 0.00005 0.05644 0.00003 3.08 0.01
BYS16-10-7 82 0.70476 0.00005 0.05670 0.00003 2.52  0.00 |BYS16-3-7 82 0.70559 0.00005 0.05658 0.00003 2.95 0.02
BYS16-10-8 82 0.70477 0.00006 0.05662 0.00003 2.41 0.00 ([BYS16-3-8 82 0.70541 0.00005 0.05668 0.00002 3.20  0.01
BYS16-10-9 82  0.70475 0.00005 0.05665 0.00003 2.40  0.00 [IBYS16-3-9 82 0.70533 0.00007 0.05651 0.00004 2.28  0.00
BYS16-10-10 82  0.70480 0.00006 0.05661 0.00003 2.40  0.00 |[BYS16-3-10 82 0.70493 0.00005 0.05657 0.00002 3.07  0.01
BYS16-10-11 82 0.70516 0.00004 0.05654 0.00003 2.78  0.00 [ JGDl6-1-1 82 0.70490 0.00005 0.05662 0.00002 2.85  0.02
JGD16-1-2 82  0.70486 0.00004 0.05652 0.00002 3.22  0.00 | JGD16-7-1 82 0.70454 0.00006 0.05661 0.00003 2.37  0.02
JGD16-1-3 82 0.70509 0.00007 0.05676 0.00003 1.95 0.26 [[JGD16-7-2 82 0.70461 0.00006 0.05662 0.00003 2.19  0.01
JGD16-1-4 82 0.70539 0.00007 0.05688 0.00003 2.04 0.29 |[[JGD16-7-3 82 0.70457 0.00007 0.05667 0.00003 2.28  0.02
JGD16-1-5 82 0.70494 0.00005 0.05659 0.00003 2.68 0.08 |[JGD16-7-4 82 0.70481 0.00006 0.05672 0.00003 2.21  0.01
JGD16-1-6 82  0.70486 0.00006 0.05657 0.00003 2.29  0.03 |[[JGD16-7-5 82 0.70466 0.00005 0.05665 0.00003 2.44  0.06
JGD16-1-7 82  0.70454 0.00007 0.05702 0.00003 2.24  0.28 |[JGD16-7-6 82 0.70465 0.00005 0.05681 0.00004 2.22  0.01
JGD16-1-8 82 0.70477 0.00008 0.05690 0.00004 2.01 0.30 ([JGD16-7-7 82 0.70514 0.00006 0.05680 0.00004 1.86  0.07
JGD16-1-9 82 0.70480 0.00008 0.05672 0.00005 1.58 0.08 | JGD16-7-8 82 0.70461 0.00006 0.05704 0.00004 1.85 0.02
JGD16-1-10 82 0.70483 0.00008 0.05674 0.00003 2.05 0.17 |[[JGD16-7-9 82 0.70465 0.00006 0.05661 0.00003 2.22  0.05
LQ16-4-1-1 82 0.70556 0.00004 0.05662 0.00002 3.59  0.05 LQ16-7-1 82 0.70476 0.00007 0.05675 0.00003 2.30  0.04
LQ16-4-1-2 82 0.70559 0.00004 0.05660 0.00002 3.67 0.02 | LQl6-7-2 82 0.70473 0.00006 0.05652 0.00003 2.62  0.02
LQ16-4-1-3 82 0.70554 0.00003 0.05652 0.00002 3.79  0.00 [ LQl6-7-3 82 0.70477 0.00005 0.05669 0.00003 2.71  0.02
LQ16-4-1-4 82 0.70554 0.00004 0.05657 0.00002 3.92  0.00 LQ16-7-4 82 0.70469 0.00005 0.05667 0.00003 2.77  0.01
LQ16-4-1-5 82 0.70559 0.00004 0.05655 0.00002 3.93 0.00 LQ16-7-5 82 0.70480 0.00005 0.05659 0.00003 2.88  0.01
LQ16-4-1-6 82  0.70548 0.00004 0.05655 0.00002 3.74  0.00 LQ16-7-6 82 0.70491 0.00005 0.05669 0.00003 2.70  0.00
LQ16-4-1-7 82 0.70565 0.00004 0.05653 0.00002 3.91 0.00 | LQIl6-7-7 82 0.70485 0.00005 0.05665 0.00003 2.59  0.02
LQ16-4-1-8 82 0.70557 0.00004 0.05654 0.00002 3.86 0.00 | LQ16-7-8 82 0.70482 0.00005 0.05652 0.00003 2.62  0.01
LQ16-4-1-9 82 0.70556 0.00004 0.05661 0.00002 3.85 0.00 [[LQl6-7-9 82 0.70469 0.00006 0.05661 0.00003 2.56  0.02
LQ16-4-1-10 82 0.70561 0.00004 0.05651 0.00002 3.68 0.00 |[|[LQ16-7-10 82 0.70480 0.00005 0.05691 0.00003 2.58  0.01

(2) HiFe—HA R Si0, i, JFHAMXTR
Y Y7St/*0Sr U E AR PN/ NG H . TR
R R e TR e, RIS AR VS *Sr HfH
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Si0, & = N> . 7Y Sr/*Sr)-Si0, (& 10c)
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BA SRR A G R A T — R W e TR e
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ZE(E 1) WA ER, & Sio, A ARA
e YIS/ oSr HUAE, R R A 4 S e A K

(¥ *7Sr/*Sr LU AE B #IR AL B Wi T, X RIE
WA J A 8 e AP A B e TR e
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