A2 % 1 Hi R R} Earth Science Vol. 42 No. 1
20174 1R http://www. earth-science. net Jan. 2017

doi: 10. 3799/dgkx. 2017. 003

SR+ Z uh A R = 2 R iR X A IS IR R ) )

é ?ﬁla:ﬂ\$ﬂl*9?%}%19i#9i7%27%ﬁ%17é55§;3
1 KR FWFREHFZF R, FHEKA 130061
2L AR A EE TRER, LA FE 266500
3. REH LS — LN Z LA 157021

FEE : RCLSIEER B ) 2 R B AR A Tk s HOR it — B 2 4 ORI AR g 45 4 LA-ICP-MS
U-Pb XTI AR 8RR 8 i BR 5 » I 45 6 b R A 27 AR X LA U DX R R b ) 38 5 5B AT 1 30, BFR 4 R 3k
B s b T 2 R R S ) R AR AT 433 2 R VR DR O RN R o PR ol WS M DORR AR AE. A OB R, B
TEMT R R, Th/U 2N 0. 35~ 1. 07, Jy ML R () 5 3 4 7. I AR 25 SR 7R, 90 AN S AR IS E B0 A e 3 M RETE . 152~
170 Ma, VE{E AR 29 0 158 Ma, X —AE Y X BB /R T 4 i H BTRUSCE 0 T FROV B AR 2 115 179 ~193 Ma, W {E A 2
190 Ma; 205~214 Ma, E{HAF I 248 210 Ma, 3 AT (A 2 58 — P78 IR sa PRI b ot 78 b — R 9 8 J 0 Bl 1 b B 5 I
H1 210 Ma 5 190 Ma W {H 4F 1% 5 7 00 B A0 /K 1 A b B B = St IR 25 T 25 2R S5 AR AH W) &S THT 158 Ma U {4 1% DI X6 g+
FEMA G PR B A R . 3 R T A 0 PR 48 s LR XL T Bl KB 2 % AR R B4 A AR R
HWA EAET AR B Y 7R T % 3 WIE a3 T HUR gt H b 2k i v AR QTR s R Rl i S 308, IF o — 4k
HWTE AR UL T EZE B Y. UL, A TR R TR T W R Bt SR — SR SR PGS Y R L sk AR e R
by R A 4 5 DX P ) ol L PR 5 PR ORR Y B

KR B AEH = TR A BB B bR AR iR B R Rl 2 s 5l — SV KR

hESYFES: P581;P597. 3 XEHS: 1000—2383(2017)01—0035—18 R EEE: 2016—07—25

Geochronology of Ershi’erzhan Formation Sandstone in Mohe
Basin and Tectonic Environment of Its Provenance

Li Liang', Sun Fengyue'* , Li Bile', Xu Qinglin?, Zhang Yajing', Lan Lishi®

1. College of Earth Sciences. Jilin University, Changchun 130061, China
2. College of Earth Science and Engineering , Shandong University of Science and Technology . Qingdao 266590, China
3. No. 1 Gold Geological Party of CAPF, Mudanjiang 157021, China

Abstract: To address the controversy of the Ershi’erzhan Formation sandstone formation ages in the Mohe basin of the northern
Great Khingan Range, this study presents an accurate limit to its formation ages using the LA-ICP-MS detrital zircon U-Pb
dating for the first time in this paper, and discusses its provenance and tectonic setting combined with the geochemistry of
major and trace elements. The results show that the fragmental material in sandstone has poor psephicity and sorting, indica-
ting that source region is relatively unstable with characteristics of rapid denudation, transportation and sedimentation. The
grains of detrital zircons are big with clear oscillatory zoning, and Th/U values range from 0. 35—1. 07, which is indicative of
a magmatic origin. Zircon U-Pb dating results show that 90 dating data are distributed in the following three periods, namely,
152—170 Ma with the peak of 158 Ma, standing for the lower limit of Ershi’erzhan Formation sedimentary rocks at Late Juras-
sic; 179—193 Ma with the peak of 190 Ma and 205—214 Ma with the peak of 210 Ma. The three peak ages are the evolution
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records of the Mongolia-Okhotsk ocean. The peak ages of 210 Ma and 190 Ma are consistent with the Late Triassic and Early
Jurassic magmatic events of south margin of the basin in the Erguna massif, the peak age of 158 Ma fits the Late Jurassic mag-
matic event of north margin of the basin. The geochemical diagrams of major and trace elements reveal that the provenance has
the background of active continental margin. Meanwhile, the zircon dating shows that there is no Pre-Mesozoic clastics in the
Ershi’erzhan Formation. It suggest that these were generated within an active continental margin setting at the north margin of
the Erguna massif in Mesozoic, and provided the most clastics for the Ershi’erzhan Formation. Combining with the previous
studies, it is concluded that the Ershi’erzhan Formation sandstone was formed in Late Jurassic under the environment of rapid
denudation, transportation and sedimentation, controlled by the uplift of the Mongolia-Okhotsk orogenic belt, indicating that
the eastern Mongolia-Okhotsk ocean has already closed in Late Jurassic.

Key words: Mohe basin; Ershi’erzhan Formation; sandstone; detrital zircon; geochemistry; active continental margin;
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Fig. 1 Regional tectonic subdivisions of the Mohe basin (a), regional geological sketch of the Mohe basin and Amur basin (b)
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Fig. 2 Micrographs of the Ershi’erzhan Formation sandstone
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Table 2 Major, trace and rare earth elements compositions of the Ershi’ crzhan Formation sandstones

s SBS-NI-BI SBS-N1-B2 SBS-N1-B3 SBS-NI-B4 SBS-N1-B5 SBS-N1-B6 SBS-N1-B7 SBS-N1-B§ SBS-N1-B9 SBS-N1-Bl10

SiO; 73.94 72.08 65. 85 70.19 71. 39 72.07 71. 50 67. 26 70. 98 68. 28
TiO; 0.19 0. 27 0.40 0. 33 0. 18 0. 23 0. 25 0.43 0.24 0. 40
Al O3 14. 22 13. 96 13. 96 13. 96 12.73 13.55 14. 20 15.11 13. 88 13. 50
Fe, O 1.91 1.79 3.73 3.13 2. 06 1. 70 2.47 3.40 2.26 2.90
FeO 0. 96 1. 36 2.98 2.82 1. 66 1. 44 1. 00 2.75 1.92 1. 95
MnO 0.07 0.09 0.13 0.11 0.12 0.09 0.09 0.11 0.09 0. 10
MgO 0.22 0.41 0.91 0.41 0. 48 0.51 0.22 0. 97 0.41 0. 64
CaO 0.28 0.75 2.59 0. 98 2.63 1. 42 1. 32 1.99 1.33 2.88
Naz O 4.47 4.42 3. 66 4. 25 4.76 4. 82 4. 33 3. 60 4. 34 3.71
K;0O 3.43 4. 39 3.61 3.54 2.54 2.78 3.02 3. 66 3.23 2.89
P2 0Os 0. 06 0. 06 0.11 0. 08 0. 06 0.07 0.07 0.11 0.07 0. 08
LOI 1.13 1.70 4. 84 2. 84 2.92 2. 64 2.42 3.22 2.99 4. 37

Total 100. 88 101. 28 102. 77 102. 65 101. 53 101. 31 100. 89 102. 61 101. 74 101. 70
Fep O3T 2.98 3.30 7.04 6. 26 3. 90 3. 30 3.58 6. 46 4. 39 5. 07
K20/Naz O 0.77 0.99 0. 99 0. 83 0.53 0.58 0.70 1.02 0.74 0.78
Fe; O3/K,0 0. 56 0.41 1.03 0. 88 0. 81 0.61 0. 82 0.93 0.70 1. 00

I —1.42 —3.02 —0.82 —1.01 0.09 —0.82 —0.05 —0.97 —0. 90 —0.24

F, 0. 46 1. 77 —0.01 0.21 —0.08 —0.15 0. 09 —0.15 0.22 —0.41

La 18.1 43.7 37.7 65.5 18.6 24.1 28.5 38. 4 36.7 78. 4

Ce 37.0 82.2 75. 4 123.0 34.9 46.9 51.9 75.1 68. 8 151. 0

Pr 4.03 8.70 8. 30 12.70 3.79 5. 05 5. 68 8.12 7.25 16. 20

Nd 14.5 28.8 28.7 41.7 13.8 17.9 19.9 29.1 24.9 54. 3
Sm 2.48 4.32 4. 30 5.37 2.53 2.97 3.09 4. 44 3.55 7.83
Eu 0. 58 0. 64 0.71 0. 64 0. 48 0.49 0. 57 0. 80 0.59 1.17
Gd 1. 87 2.90 3.74 3. 94 1.75 2.12 2.71 3.97 2.89 5. 49
Thb 0. 36 0. 54 0. 56 0. 66 0. 36 0. 40 0. 44 0.59 0.51 0. 80
Dy 1. 85 2.59 3.37 3.16 1. 69 2. 06 2.28 3.34 2.31 4. 14
Ho 0. 34 0.52 0. 64 0. 60 0. 35 0.38 0.48 0. 68 0. 47 0. 80

Er 0. 81 1. 27 1. 68 1. 61 0. 94 1. 00 1.19 1. 74 1. 26 1. 98
Tm 0.16 0. 25 0.29 0.28 0.18 0.19 0.23 0. 34 0.23 0.38
Yb 1.00 1. 47 1. 90 1.73 1.06 1. 22 1. 35 2.06 1. 46 2.42

Lu 0. 14 0.21 0.28 0.28 0. 15 0.17 0.22 0. 29 0.21 0. 36
Eu/Eu* 0. 83 0. 55 0. 54 0.42 0. 69 0.59 0. 60 0. 58 0. 56 0. 55
Ce/Ce* 1. 06 1.03 1. 05 1. 05 1.02 1. 04 1. 00 1. 04 1. 03 1. 04

2 REE 83.2 178.0 168. 0 261.0 80. 6 105.0 119.0 169. 0 151. 0 325

LREE/HREE 11.7 17.3 12.5 20. 3 11.5 12.9 12.3 12.0 15.2 18.9
(La/Yb)n 13.0 21.3 14. 2 27.2 12.6 14. 2 15.1 13. 4 18.0 23.2
(Eu/Eu*)uce  1.27 0. 84 0. 83 0. 65 1.06 0.91 0.92 0. 90 0. 86 0. 83
(La/Yb)uce 1.33 2.18 1. 46 2.78 1.29 1. 45 1.55 1. 37 1. 84 2.38
Li 4. 45 3.24 5. 00 4. 56 17.9 4. 05 4. 62 53.1 5.12 7.11

Be 2.02 1. 83 2.46 1.98 1.32 1.37 1. 81 1.92 1. 80 1. 80

Sc 2. 96 3.71 6. 35 5. 87 3.05 3.21 5.13 6. 27 3.76 6.12

\% 15.5 17.7 37.7 29. 4 17.8 16. 8 22.7 37.7 20. 6 34.7

Cr 15. 20 19. 00 27.50 19. 50 23.90 7.50 8.70 16. 50 15. 80 12. 40

Co 2.18 3.89 5. 90 4.22 3.63 3.37 2.98 5. 55 3.63 4.49
Ni 4.91 6. 60 7.48 5. 66 6.42 4. 26 3.95 6.73 5. 14 5. 65

Ga 15. 6 21.0 22.7 27.9 13.6 15. 3 17.5 23.0 21.0 32.4
Rb 90.5 113.0 106. 0 96. 8 70.1 72.5 82.5 103.0 100. 0 91.3
Sr 176 140 196 147 178 177 184 225 143 179

Y 9. 06 14. 10 17.70 17.10 10. 40 11. 10 13. 20 19. 20 13. 10 22.00
Ba 500 703 438 515 490 481 456 625 560 331
Pb 17.5 15. 8 14. 4 12.0 16.1 16. 7 16. 8 19. 3 16. 8 11.3
Th 4.75 9.89 10. 80 15. 20 4. 68 5. 47 7.39 11. 10 9. 04 18. 40

U 1.07 2.31 1. 98 1.94 1.18 1.03 1. 56 2.15 1.31 2.62

Nb 5.22 7.62 9. 55 9. 60 5. 04 6.03 6.18 10. 50 6.70 12.70
Ta 0. 36 0. 58 0.61 0.77 0. 37 0. 40 0.48 0.71 0.48 1. 30

Zr 46. 4 54. 9 87.8 69.7 39.0 43.2 54. 6 92.3 56.7 121.0
Hf 1. 45 1. 87 2.74 2. 34 1.33 1.37 1. 83 2. 86 1.79 3.81
Rb/Sr 0.51 0. 81 0. 54 0. 66 0. 39 0.41 0. 45 0. 46 0.70 0.51
Rb/Nb 17. 30 14. 80 11. 10 10. 10 13. 90 12. 00 13. 30 9.81 14. 90 7.19

Ve ERICE AN Y% R G A 1076 Fy = —1. 773w(TiO) 0. 607w (Al O3) +0. 76w (Fe; O3) — 1. 5w0(MgO) +0. 616w
(Ca0)+0. 509w (Naz O) — 1. 224w (K20) —9. 09; F» = — 0. 445w (TiO2) +0. 07w (Al;O3) — 0. 25w (Fe;O3) — 1. 142w (MgO) + 0. 438w
(Ca0) +0. 475w (Naz O) +1. 426w(K;0) —6. 861, 4# Roser and Korsch(1988).
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Fig. 3 CL images of detrital zircons from the Ershi’erzhan Formation sandstone
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Fig. 4 Diagrams of U-Pb concordia ages of zircons for the Ershi’erzhan Formation sandstone (a), and probability density

distribution (b)

BIRT 0.1, 987E 0. 35~1. 07 [X I, fiLos H oy i m
W IR ES A T WIS A AR 2 9k ZU A0 A8 AR FH sl ik
TR Bl G T R B R IR A S B R
GBI BB B VR AR T RNk SO I (&L 4D R
RGPS AV RIS A A & Pb ZR A,
B T DA G SRS A R L B AR O R AE A
Th/U AR R~ b 416 8 £ A 46 KR4 ik 28
RIFrh —BRPE IR B A

AU E /90 A1 8 £ A7 U-Pb R 1H A 15 34
J& T AAR WA AL 3 AMER B (K] 4b).

(1)205~214 Ma;iZ 403t 14 Rk £, 5 50
16% ., Th U &40 91284k F 130. 0106 ~421. 0X
10765 303. 3 X 10 % ~820. 5X10°%, Th/U A K
0.35~0. 91, i% 41 4F % 1Y ¥ [l 2 205 == 3 Ma~
21443 Ma, 41 210 Ma, J&§ T =S ih.

(2)184~193 Ma: iZ4H 3L 30 K%k, i B AL
33% ., Th U &8s kT 51. 3X 105 ~569. 2X
10°5 85.0X 10 °*~767. 2X10°°, Th/U 18 K
0.46 ~ 1. 07, Z A4 L H o 179 £ 4 Ma ~
19343 Ma, WA 190 Ma, J& FH-4k % .

(3)152~162 Ma %21 1t 46 Ri%h £, 5 %00
51%. Th U &4 WAL T 82. 8 X106 ~777. 7X
10 05 129.5X10 *~794. 1X10 %, Th/U {4 H
0. 40~ 1. 00, i% 41 4% % 9 Y [ O 152 £ 3 Ma ~
1703 Ma, WE(E AR Hy 158 Ma, J& T fk 2 .

3 AR I 4 AR T X L 3 RN
G s F. TR AR 0 B3 B S 0 T o5 1 EE i %
AAHTE S Hrp DI AR 2 oy e 2 BAR P R Z .
=& b 3K — I [] 5 8 A R R S 5 A AR I 0
AT ARG S T 1 8 ) Az B B R R

3.2 HBEKILEEAFE

3.2.1 FExEF T TINHBE NS A IRk
EOMT AR FH AR SO, T EER. N
65. 8520~73. 9420, -5k 70. 35%6, AF LA 4
NE T RRYESE R, ALO, &8N 12. 73% ~
15. 11% A8 b #5cka . i Fe, O, . FeO, MgO (1) %
30 A A - R e A KRR A . 45
ALY B i 5 B R Bl S PR B R S LR
. HA R K, O/Na, O SF-{E S 0. 39, R H LAl
ZA S AR AR CRIBCZE 45, 2003). 7E18 5a.5b H, K
AT FE IR AR G L ST BT AP T Ak
B R—B A AW Fe, O, /K, O H CGF- 0. 78)
B s D S A AR 2 1 B e G F Al
IR DB XL 5 WAL A W) R AF 78 — -
2H R T U B PR R A o B 1Y 77 ¥ (Herron,
1988).

3.2.2 ®EMBERTE AP SN L
JLE B A B K (SREE=80. 6 X 107° ~
325.0X107%) S35k 164. 0X 1075, Jz ML X (1) &
FEPE. TR 6a b, KARSHE i it 22tk w —
B0, R X 0] Re 2 AT AL A R T S5 S AR
i AN — St 2 e T ok BT AR R XL B
SARBUN M TR S & FM 1A 7 B 1R
fF, LREE/HREE = 11. 46 ~ 20. 31, (La/Yb)y =
12.98~27. 16. FE i Eu/Eu” {E 2} 0. 42~0. 83, A
A — SR Eu 595, FE R B ihZ e T
A BB LR A 1) M 235 2 N CRIBL4E48, 2003)
(ERS Sk Sliks s N aR YR g M N TP a S=a
TE R b B A R [ 1) + 50 R FEAE (Bhatia,
1985;Floyd et al. , 1991), =} 3k H b 4+ 515 5
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Fig. 6 Chondrite-normalized (a), UCC-normalized (b) rare earth element patterns and primitive mantle-normalized trace ele-

ment spider diagram (c) of the Ershi’erzhan Formation sandstone
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R BN B MW & 5%, (La/Yb)uee = 1. 29~
2.78; K# /- 2B BB MM Eu it 7 #,
(Eu/Eu” ) yee=0. 65~1. 27, 52 BRF 2 KB I Hb
TR I E & AR R L (] 6b; Bhatia, 1985).
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R A 0 50 AT R 2 M2 BT AR i R SR
FAE(2003b) BRI RGEW 5T T4 = a4l 7E
PR AT RE TP A FUR Ak A A DA -
N TE B TR AR . TP B S (2002) 4K 4 1 ¢ 5
T3 DX 58 b o 9 A 3 R R T i )2 R R B R K
KB YITEACA R S5 rh R 2 58— i A A AR
T E A — Mk 2t Bajocian-Tithonian ],
HEWOPR Sy =+ a0 A 3 2 A TR A —
T A DL b A 8 5 4 5 A SO LR A 4
LA-ICP-MS U-Pb 5@ 4E 50 HHE T2 1.

T 42 A DR — & LL DT B A
ARRR DR IMRR T A5 A 118 A 0 P R ) 2 b J2 DT AR
BHL ST FE (Williams, 2001 ; Fedo, 2003). Z< ¥k il
SR E T AL B =St 2 rp R P e
IS XA T 52 iy — SRR Ik ve KVE AR R (W] ) g It
X Ja) ARy 20 1 5 55 PG AR R b 5 IR i 1)) 3
%t ( Tomurtogoo et al., 2005; Orolmaa et al. ,
2008 R 44,2010, Wu et al. , 2011 0 B 48,
2013; Tang et al. , 2014) , [fij Mg A& 2 1 i 5¢ 1l — 56
TR LR BB & MW A (Zorin, 1999; Sorokin et
al. , 20045 VF3C B 45, 2013) , I 4F: 1) &5 2 i o 52
T — SRR P e A AR R — R B A S Bh Y M R
RS S L4 (U e e S RS RS e S ]
1E 3 AHERR e R TR IX I 3 U K it H
Hags—2H 205~ 214 Ma (I B4R 210 Ma) 545 —
41 179~193 Ma (B 4F 4% 190 Ma) 4351 %f )37 F 42
MR G AUR g e b g = B S LR A YR
BN (Wu et al. o 2011) , 3 WG K -5 SH IR %
(A HAERN IR 2 —. Mok, — AL
BRIAERY 152~170 Ma (IR {H4E I 158 Ma) 200 T
T T A R TR AR L 152 Ma i £
P AR T DU B 1] T B J5E90] 22 s A i rp
AREEIR LR T —E B A W) ZIu a5 iR S i ok
B Z Bl IR 2 b2 R0 A T2 AR KL 2 ) 55 )2
PRE ZRBHREEE A )2 A R R R R Skl
I BR IR I LRI AL L ARAT 2
BHMER. AR KA H)Z A T LR b
JIE I RS e A 2 IR VAR H ™ 7 )=y, 1993).
S B AR R L R DU A (2R
FEITAA TR R 77 )R, 1993) , FARIE AR N 116~
148 Ma J Ho gt 20 31 18 ) 3 804 4R % R 119 Ma (%
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Fig. 7 Discrimination diagrams of mother rock for the Ershi’erzhan Formation sandstone
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