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Abstract NE China which experienced multi-stages tectonic evolution, is a key area for research
into East Asian tectonic evolution. Normally, paleomagnetism data come from rock samples of
the interior of a plate while the size of ocean located in both blocks cannot be identified. Here
paleomagnetic data from basaltic pillows in Raohe, NE China were used to study the recovery and
evolution of paleo-oceans.

181 samples of 17 sites were collected using a portable electric-power drill, and were oriented
by both magnetic and sun compasses. The methods, including stepwise thermal demagnetization,

rock magnetic and petrologic analyses were used to analyze the paleo-location of the Middle

E&WHE

7 % ).

EEEN AN H 1973 4 A P50 B JE B O 2 B USSR A BF Y. E-mail: realshaw@vip. sina. com

5] - 9% Y AR I A EE R I E R AT A S A BBl AR T A TR R 3 X)) (2009GYXQL2) il E R H AR B 2= Sk 4 (41472197) 4k



1270 H Bk ¥ B % R (Chinese J. Geophys. ) 58 %

Jurassic basaltic pillows of Raohe, Heilongjiang Province, NE China. Rock magnetic experiments
include temperature-dependence of saturated magnetization and hysteresis loops measured by
VFTB Curie balance. Thin section identification was carried out on some pilot samples. Then, all
the samples were subjected to stepwise thermal demagnetization using a MMTD-60 demagnetizer,
with 12 temperature steps up to 585 C. Magnetic remanence measurements were performed on a
2G cryogenic magnetometer, Additionally, some paleomagnetic data of adjacent region have been
collected and compared with the study area.

The Middle Jurassic basaltic pillows of Raohe, experienced underwater eruption with gabbro
texture and magnetite, which show both characteristic high-temperature remanence component
and middle-temperature remanence component, with the mean directions of D/I=59, 4°/46, 3°
with as; =6.8" and D/I = 55.4°/60.6° with ass=23.9°, respectively. We interpret the high-
temperature remanence component as primary magnetization based mainly upon the petrographic
analysis, and the middle-temperature remanence component as secondary re-magnetization during
the Late Jurassic to Early Cretaceous magmatism. The corresponding pole are at 40. 3°N, 224, 6°E with
Ag; =7° and at 50. 8°N, 210. 6°E with A, =5. 2°.

The paleomagnetic study on basaltic pillow developed between two blocks offers a useful
method for researching tectonic evolution. Considering the regional geologic background and
paleomagnetic poles of adjacent blocks, our results suggest that there exists an ocean similar to
the Japan sea nowdays between the Raohe complex and Jiamusi block before the Middle Jurassic
period. This Early Cretaceous pole is in good agreement with those for Siberia, North China, and
Inner Mongolia, suggesting that these continental blocks had already sutured together in the

Early Cretaceous accompanied by the ocean closing.
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Fig.1 Tectonic divisions of NE China and Far East Russia (a) (after Zhou et al. , 2011),
geological map of the Raohe area, Heilongjiang Province and sampling locations (b)
F1.Xar Moron-Changchun zone; F2:Yanji Fault; F3:Mudanjiang Fault; F2+F3. Yanji-Heilongjiang Fault; F4:Hegenshan-Heihe Fault;
F5:Xinlin-Xiguitu Fault; F6: Yilan-Yitong Fault; F7:Dunhua-Mishan Fault; F8:Primoria Fault.
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Fig. 2 Pillow basalts of Middle Jurassic lava in situ

(a) Morphology in situ of pillow basalts; (b) Weathering edges of pillow basalts; (¢) Formation occurrence of pillow basalts.
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Table 1 EBSD analysis data of typical samples

I A Na Mg Al Si Ca Ti Mn Fe a3t W 4 B
NE13-6-1 11 - - - - - 49.02 2.77 47.43 99. 23 PR WG BR A
NE13-6-1 12 — — — 1.62 0.85 2.18 — 86. 09 90. 74 3730
NE13-6-1 21 — — — — — 46.99 2.81 47.56 97. 36 KRG RE D
NE13-6-1 22 — — - — 0.24 47.58 2.62 47.56 98. 63 R
NE13-6-1 31 0.4 12.18 3.61 48. 64 20. 43 1.76 — 11.02 98. 04 R A
NE13-6-1 41 — — - — 0.23 47.63 2.53 47.93 98. 31 PRI
NE13-6-1 42 10. 31 — 18.77 69.01 0.52 — — — 98. 61 WA
NE10-4-1 11 — — — — 0. 26 46.99 2.27 48.61 98. 14 PRI
NE10-4-1 12 — — 1.27 — 0. 36 20. 59 1. 44 69.9 93.56 N
NE10-4-1 13 - - - 0. 45 0.38 16.9 1.35 74. 88 93.95 3730
NE10-4-1 14 — 0.38 1.55 22.57 19. 41 25.96 — 26.08 95.95 ke
NE10-4-1 15 — 2.82 4.4 29.5 21.95 26.09 — 9.79 94.54 liEa
NE10-4-2 21 — — — — 0.22 46.91 2.05 48. 39 97.58 KRG
NE10-4-2 22 — — — — — 47.11 2.36 47.72 97.19 KRG RE D
NE10-4-2 23 — — — — 0.38 46.08 2.3 48.26 97.02 ERRGRE

TE AR ALY O3 O 7R 0T A 45 2R

é
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Fig. 3 Structural photos of typical samples under microscope

NE10-4 J 46

Pl-plagioclase; Opx-orthopyroxene; Mt-Titaniferous magnetite.
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Fig.4 Behaviors of acquisition of isothermal remanent magnetization (IRM) (a), hysteresis loop (b, ¢). and

J-T (d, e) curves for pilot samples from the Raohe areas of Heilongjiang province
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Fig. 5

Orthogonal vector plots of progressive thermal demagnetization for representative specimens in-situ

Solid and open circles indicate vector endpoints projected onto the horizontal and vertical planes, respectively.
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Fig. 6 Equal-area projections of directions of characteristic remanences isolated from
Middle Jurassic rocks from the Raohe areas of Heilongjiang province
(a) and (b) Low-temperature component before and after tilt-correction; (¢) and (d) Middle-temperature component before and after

tilt-corrcetion; (e) and ({) High-temperature component before and after tilt-correction. Red circles represent the average direction.
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Table 2 High temperature component (HTC) of Middle Jurassic lava in the Raohe area of Heilongjiang province

R A geit 4 8 77 T
FE/CN) 2E/CE) /N Dg/ () Ig/ (") kg apsg/(°)  Ds/ () Is/() ks agss/ (%)
NE6 7/7 42.5 50.9 206. 5 4.2 45.3 36.2 206. 6 4.2
NE7 5/7 57.4 50. 3 232.9 5 56.9 35.3 232. 4 5
NES 7/7 47.6 45.3 212.2 4.2 49 30. 4 210 4.2
NE9 4/7 63. 4 16. 6 20.5 11.9 61.8 31.8 20. 5 11.9
46. 80 133.75

NE10 5/5 41.4 56.8 85.6 8.3 45 42.1 85. 4 8.3
NE11 6/7 69. 1 45 42.4 6.4 66.5 30.3 42.5 6.4
NE12 4/5 34.4 45.1 28.3 10 38.2 30.8 28.2 10
NE13 7/7 51. 8 50. 6 59.4 5 52.5 35.7 59.6 5
NE14 7/7 74.1 67.7 136. 4 3.2 67 53.3 136.3 3.2
NE15 7/7 66.7 71 197.9 4.3 61.8 56. 1 197.2 4.3
NE16 4/7 90. 2 50. 4 18.7 12.4 82.6 37.6 18.8 12.4
NE17 5/7 95.9 70.8 50. 9 6.4 79 58 50. 7 6.4
NE18 46.79 133.77 6/7 59.6 69.6 225.4 2.7 57.8 54.7 223.6 2.7
NE19 6/7 60. 7 79.5 133.4 3.5 57.4 64.5 132.7 3.5
NE20 5/7 64. 2 72.2 390. 4 2.3 60. 2 57.3 389.4 2.3
NE21 5/7 87.1 80 39.2 7.4 68.1 65.9 39.1 7.4
NE22 6/7 95.3 68 19.3 10. 1 80. 1 55.3 19.4 10
Sy 17 61.3 61.2 15.3 6.8 59.4 46. 3 15.3 6.8
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s #7100 A ) PT BRACER T i 40 7 24055 Bl Jr S e B4R 11
JREBHERE fia #% (Zhu et al. ,2002;Lin et al. ,2003;
T e AF L 2011) . SPEE K v i Y 3t P B ) (X K YL
85,2010) , =VLA MR H B G AHZ M A . £ W
Vg R 11 R 8 0 R AR 1) B 5 BB B T Sy B B 2 i
F S s 3 55— O T 1 B T s DX R A
RIE a Ja 52 a2 s R AAE 2 e, kAR
GAY 30 5 T 2 B 1 Ty R T . R L) T b R A AR
R A 41, 6°NL I A4 i 46. 8°N A 2 5.
2° A FEBE B9 Y 500 km.

4.2 HREHNRE

BT A% 1 AR B R BT A e R RO AR B A 1Y)
A, Zm P ROIR L i E R S 169, 19£6. 48 Ma
(Rb-Sr ) (X4, 1996) . 85 1 U-Pb ¥ 3R15 1

AEHY S 167 Ma(Zhou et al. ,2014) , K S 554 U-
Pb AE#% fIf 415 °° Pb/** U I ACF- 3 4F 8% 2 166 &
1 Ma(FE5 E %5, 2006) , fE 5T 75 0 5 B B0 19 i S
W Z N 165 Ma(Bathonian-Callovian B) (/K &
YA BB, 19895 8K 832 , 1990 AR T 2245 , 1991 ; AR %
R FE T AR, 19955 T Bk 21 %, 19975 5k IR e %%,
1997) , H i 2 w4 8 B D5 9l B 1 i AR 20 160—
150 Ma(Oxfordian-Kimmeridgian ). 48 #8155 W /£
BT 2 E R TZ A A R L A R
[ AR 29 (~ 131 Ma) (Wu et al. »2005) . #fi i 4%
TA] 2 A B0 SR A7 B AR A T 150—131 Ma 2 i) (FE 55 &
4 2006).

2% J8 B IE VL ge ] b DX R % R O 2 i —
F A RS 3 L 2 s DX v R i i A ) AR
2000 km, B pk % H— R [ A E 9526 B A5 KT N
IEAS o ] Z W AN T S AR AU AR | P A AR B
B 9 R RS B A — BT I B R R, 2002) . gt
VB R o AR i B ) B ELUE AR L Y A 1 PR
RECAT L4y R P b (MOR) FLR wh il | (SSZ) HY
IHT AN A (=47, 2005) . 00 52 1 vh o g I
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Table 3 Medium temperature component (MTC) of Middle Jurassic lava in the Raohe area of Heilongjiang province

e A GitbEE  GiHRE iy H g 1)
25 % X ECC) Dg/ () Ig/ (") kg apsg/(°)  Ds/ () Is/() ks agss/ (%)

1 NE9-1 4 250~400 38.3 64. 2 1077 2.8 43.8 49.6 1077 2.8
2 NE9-2 4 250~400 42 67.3  3294.6 1.6 46. 8 52.5  3294.6 1.6
3 NE9-14 4 250~400 39.1 63. 4 270. 1 5.6 44,3 48.8 270. 1 5.6
4 NE10-2 4 100~300 27.9 68.9 82.1 10. 2 38.4 54.9 82.1 10. 2
5 NE11-1 6 100~400 53.4 65.4 107. 2 6.5 54 50.4 107. 2 6.5
6 NE11-4 4 300~450 116. 1 56. 7 938. 4 3 100. 5 47.6 938. 4 3
7 NE11-6 5 180~400 39.7 66.5 59.5 10 45.2 51.8 59.5 10
8 NE11-7 3 350~450 60.5 62.3 18722.1 0.9 58.8 47.3  18722.1 0.9
9 NE11-9 6 100~400 60. 3 58.6 267.9 4.1 58.8 43.6 267.9 4.1
10 NEI2-8 4 250~400 22.6 59. 4 617.3 3.7 31.8 46. 1 617.3 3.7
11 NE16-1 4 300~450 78.9 80. 2 1077 2.8 64. 7 65. 7 1077 2.8
12 NEI6-2 4 250~400 71 71.3 775.7 3.3 64. 2 56. 6 775.7 3.3
13 NEI16-4 4 250~400 82.6 73.2 775.7 3.3 70. 2 59.1 775.7 3.3
14  NE16-8 6 100~400 80.5 73.6 347.2 3.6 68. 8 59. 4 347.2 3.6
15  NEI7-2 5 250~450 14.4 78.9 255 4.8 37.4 65.5 255 4.8
16  NE17-3 6 180~450 49. 4 85. 2 36.7 11.2 53.6 70. 2 36.7 11.2
17 NE17+4 5 180~450 63.6 76. 2 226 5.1 59. 3 61.3 226 5.1
18 NE17-7 5 100~350 10. 3 72.6 866. 4 2.6 30. 1 60. 1 866. 4 2.6
19 NE17-9 4 100~350 17.5 76. 4 163.8 7.2 36. 7 62.9 163.8 7.2
20  NE21-1 4 180~350 70.9 71.5 151 7.5 64.1 56. 8 151 7.5
21 NE21-2 5 100~400 64.5 76.3 143.9 6.4 59.7 61.4 143.9 6.4
22 NE21-3 5 100~350 62.9 81.3 194. 4 5.5 58 66. 4 194. 4 5.5
23 NE21-4 5 100~350 46. 4 76. 7 169. 1 5.9 50. 8 61.7 169. 1 5.9
24  NE21-5 6 100~400 92.4 80. 7 121.6 6.1 69.5 66. 9 121.6 6.1
25  NE21-6 5 100~350 51.1 80. 2 148. 4 6.3 53.4 65.3 148. 4 6.3
26  NE21-8 5 0~300 356. 7 64.9 73.2 9 16. 2 54. 8 73.2 9
27  NE22-3 3 350~450 58.5 83.3 7744 1.4 56. 1 68. 4 7744 1.4
28  NE22-6 3 350~450 8.6 86. 1 1395. 8 3.3 45.8 72.1 1395. 8 3.3
29  NE22-7 5 0~400 354. 2 82.1 572.4 3.2 34.5 69.9 572.4 3.2
30  NE22-10 4 300~450 147.4 74.5 399.8 4.6 103.1 69 399.8 4.6
31 NE22-11 5 250~450 122.9 67.5 349.1 4.1 98. 2 58. 8 349.1 4.1
32 NE22-12 5 250~450 120.5 76. 1 2285. 3 1.6 87.2 65.7  2285.3 1.6

T 55.9 75.6 21.7 3.9 55. 4 60. 6 21.6 3.9

IR 2.

4 DU 5 1) SR TR Oy e 2l R R B 2 RV B 0 0 B R R e A R AR (AR V45, 2006) & HE 24
7 5 QISR ety FSC DAL ) U T 0 A S L D s A I T ALk )t BB 05 10 D 3 T AR o

Kk 2 B RS . G MR A b Bk (2 B TiO, 4.3 REABMEFREREREENY

FAE . F 5L Nb, Ta, Zr, Hf 55 4 K BIFFE R 58— e 2R e T A Y i) K S 0 U
TIEA1ICEK Rb, Sr.Ba SF X 4. LREE @4 .1k KA G ARLE - “BLEFE T PHEENS . =&
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Table 4 Low temperature component (LTC) of Middle Jurassic lava in the Raohe area of Heilongjiang province

- AR TE ¢ T H R 7 1)
n/N Dg/(*) Ig/ () kg agsg/ (") Ds/ (%) Is/ () ks agss/ ()
NE6 7/7 12. 2 51.5 21.5 8.6 21.7 39.7 21.5 8.6
NE7 5/7 38.7 72 84.1 8.4 45. 8 57.3 84.5 8.4
NES8 5/7 26 54.7 164. 8 6 33.2 41.2 164. 6 6
NE9 2/7 256. 3 46 50. 3 10. 3 264.8 59.5 50 10. 4
NE10 4/5 345.9 69.8 66. 5 11.3 13.3 61 66. 3 11.4
NE12 2/7 307. 3 40. 6 42 11.4 320.7 43.5 42 11.4
NE14 6/7 7.6 62.1 12.3 13.5 22.2 50.5 12.3 13.5
NE15 4/7 331.1 63.8 10. 2 18.8 357.3 58.7 10. 2 18. 8
NE16 3/7 1.5 64.9 9.6 23.2 19.5 54 9.5 23.2
NE19 4/7 7.2 58 18.2 12. 6 20. 2 46. 6 18. 3 12. 6
NE20 4/7 45,1 16. 8 31 9.4 45.5 2 31 9.4
NE22 5/7 301.2 27.3 23 9.8 309. 4 32.4 23 9.8
S 8 6.8 63.3 29.6 6.7 22.3 51.8 29.7 6.7
LR FE 2.

R P M AE SN AR & A M A (Zorin,
1999) . M PR 2 HH 52 7t — SR8 YR o ¥ TE R 2 Ji it AR
DXAPI R T2 AR b A e 52 b B A0 75 {11 1) ST Al Bk
AR PF A (Ying et al. ,2010). B 4% b0k & R
b 2% 5% 3k AR T S e i v AR AR SR — SR IR 5 g 4 )
T WA — R RS I iR s g,
Mo U 27 HHE 1) 1) R #E 7 F0 S A7 36 LA A B TS Bl =
L WA A AR [ HE AL Z Bl (L et al. ,1999).
e VT v 72 B A S — MR 0 B A 3 e AT
AR T =&t — R P IS — SR E R i
AU P A LA B - M R ARF b 33 i 6 76 1) 348 2 Y T B
(Zhou and Wilde,2013). #1773 i 76 h— 1 ok 2 it
P BE R A0 27 A e NNW 2 ) 5 o o 52 1 — S0 28
WA T AR AR e i B HE BT E I T A
B 33 ol Hb 5 3 TR A SRS Bl R R AR 22 i E Y
A F RIS MERP LK — L4 W] . % 54 8
JEFBYRIC 5 IR AR 09 52 M, 85 8 00U h fifr s R
T AR LT Bl oAb T T B 3 5 2R 6 55, 2010) . 53 4b
VLA R R P IR F AR )R B DAL AR
7] b B - Ml 5 J BR 5% (K B (Zhang et al. ,2012),
) L A B ) AR AR DO RUIN IR 1) VG 2 4 e
o 9 M B AH DT (Sha et al. ,2003). RIS 5 5%
ALK B T C SR A 2 X e ok 2 iy e e b is
F&3)) 2000 ke, X 10 P AH RS AR B 1Y) A ) 4 2 SRR

Uy 1 IR S P RS B O AR e B — 52 Bk
AL 1) PR S s BE R 2 T b e i el R 1) L 12 3
AN T S 5 7 I IS S G A M) S A R £ 1) R a2 B R
AU T 38 55 P BE KPP A R 13 B 5 3 R 1L £
oy 3 S 2 B sl (BT 8) . DRI G RT MR 2 i vy 3t
SNV = o T A< b 1A 4 T8 B AL E 4
HA—EMEX.

5 48

(1) VLA AR ey vh ok 2 (R & kA 485
TS A T IS RV R s A 1 D A T O el LA R 1A
B 20— W S R B 1 B e SR )
T b DX AR R 2 i 0ol M T 2 T 9 S W e 1 v
UL NS AL E

(2) PR B i, 8T 2% 5 55 A b L E A I T Al Bl
WA —E M BB, b RS T 29 2000 km B fR 2
H— L e, B kA S A b L Ve A0 R I AR B A
95 %0 BAF K- W 8l 12 B E 4 N B AR,

(3 BRI Rk 2 2 2A & T 0y Hb 38 3R 358 Oy ¥ 52
O ooty o LA ) EE RS O BE B AR T AL RN, i Ik
I, o PR 2t 22 R 78 G TR A 3T b A 2 e A A
— S BE A H AR Y K 8. 3 — AR 5B BF 98 AR
b Hb R 19 T ok R T ELAT — i 1 R
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Fig. 7 Equal-area projection of the Middle Jurassic (a) and the Late Jurassic-Early Cretaceous (b) paleopoles

of the Raohe areas of Heilongjiang province and adjacent regions
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Fig.8 Paleogeodynamic reconstructions of the Mongolia-Okhotsk ocean from Early Jurassic

40°N

to Early Cretaceous (modified after Zoria, 1999)
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Table 5 Late Mesozoic paleomagnetism paleopoles of the Raohe area of Heilongjiang province and adjacent blocks
R B Sty b 12 T ) SHEWALE
hr . AR — — — — — 5 y
el B ST 4w il W g mE ER
CN) CE) ) ) 0 CN) CE) %
e SR AN 45.386 107.551 182.9 —62.6 14.2 86.9  252.8 21.4  Pruner,1992
N (gL 42 119.2 6.8 58.5 4.7 82.9 249.5 5.7  Zhao et al. ,1990
WA 5 S SRS 37.5 62.3 60.9  195.5 8.2  Sasajima, 1981
g B AL HEL 36.5 59. 4 61.2  199.5 6.6  Zhao et al. ,1999
e Wtk 5 i 49.5  117.5 68.5 231.6 9.5  Zhao et al. ,1990
b K H TR® 4 40.2  112.8 76.2  199.9 8.3  Zheng et al. ,1991
BNl SRS 40.1  112.9 79.6  170.1 5.8  Zhao et al. ,1990
Ak Wi 1 5 it 31.6 116 744 222.8 5.9 29157“ and Courtillot,
LT V5 HEL 41.6  120.7 2.6 59. 2 87.5  249.2 Zhu et al. ,2002
WA THR PSR Mtk B — R 47,3 134.2 61.3 52.7 2.9 42.5  218.2 3.3 AWREE,1997
IR TR TG K Wi o 2 {1t 46.6  133.1 26.6 35.8 4.6 55.5 265 4.1 ZERHERE 1997
T AR A W {2 it 45. 4 131 —39.6 69 6.1 63. 4 71 9.9  FkitLrFBEL 1996
By RIRE NI H¥EL 45.4 131 —25.8 69.1 3.6 72.2 73.7 5.9 kARG 1996
B VLB 4 MR B — B 2l 46. 787 133.773 55.4 60. 6 3.9 50.8  210.6 5.2 AR KT
VA A . 140 Ma — _ 7.6 203 8.1 Besse and Courtillot,
2002
BT A rh R 2 i 46.787 133.773 59. 4 46. 3 6.8 40.3  224.6 7.0 AWK
PE A A I 170 Ma 7001 129.9 7.7 Besse and Courtillot,
2002
i o o - 736 249.3 49 Gilder and Courtillot

1997

Boigt RO R T SO AR SO P I B O LR i
PHE B R AR A2 R B IRTE B SRR R AR D
P FF B 5 Bl s 2 A 0 o A Sodie A BE T If 45 T
SCHF.
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