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Petrogenesis of Permian E-MORB type mafic rocks in Xibao’an area,

Jilin Province and its implications for evolution of Paleo-Asian Ocean

ZHANG Tianyu, HAN Zuozhen, GAO Lihua, ZHU Min, CHEN Jiale, LU Kexin, SONG Zhigang
(College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: Amphibolite schist is one of the main rock types in the Xibao’an rock formation. To investigate its
formation age and tectonic setting, we conducted petrographic, whole-rock geochemical, and zircon U-Pb
geochronological analyses. The results show that the amphibole-plagioclase schist is mainly composed of
hornblende and plagioclase, with low Si and K contents and high Mg and Ca contents. Its protolith is basic
magmatic rock, exhibiting transitional characteristics between tholeiitic and calc-alkaline series. The total rare
earth element content is relatively low, with slight enrichment of light rare earth elements and a flat heavy rare
earth element distribution pattern. The (La/Yb) ratio ranges from 2. 15 to 2. 40, and the trace elements show
no significant Nb-Ta anomalies, resembling E-MORB. The magmatic zircons in the amphibolite schist samples
have e, (z) values ranging from +7.6 to +14.1. The whole-rock geochemical characteristics reveal significant
enrichment in large-ion lithophile elements (e. g. » Rb and Ba) and distinctive elemental ratios: Nb/Ta = 13. 6~
16.0, Zr/Hf = 37.5~38.8, La/Ta = 10.4~11.7, La/Nb = 0.74~0.81, Th/Sm = 1.80~2.35, and Th/

Yb = 2.41 ~ 2.80. Collectively, these features indicate that the magma was derived from a depleted
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asthenospheric mantle source that had been metasomatized by melts from subducted sediments. Zircon U-Pb
dating yields a crystallization age of 274 & 4 Ma, suggesting that the rock formed during the late Early Permian.
Integrated with regional geological data, it is proposed that this E-MORB-type basic rock was generated in a local
extensional setting, associated with either low-angle progressive subduction of the Paleo-Asian oceanic plate or an
arc-continent collision event during the transitional stage from crustal thinning to thickening in the eastern
segment of the northern margin of the North China Craton.

Key words: Permian; amphibolite schist; Xibao”’an rock formation; Eastern segment of the northern margin of

the North China Block; Paleo-Asian Ocean
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Tectonic location of the Xibao’an area and stratigraphic section of the Xibao’an Formation
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Fig. 2 Field photographs and photomicrographs of the Xibao’an amphibolite schist
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AU 5ERT BF S0 g L AR ER ALY 5 A5 RHE A A A R i (XB-1~ XB-5) #4742 4 F I ST R 047,
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coupled plasma-optical emission spectrometry, ICP-OES) #E47 & . ik & 70 2 ff /| X-Series [l % & &



KRR TFEE MR PR 5 40 E-MORB BB 5 A0 A PR B HX iy SIE 9 ¥ 3 £ 19 8 7 « 67 -

A E TR IE{Y (inductively coupled plasma-mass spectrometry, ICP-MS) #E 47 & W48 i 72 )™ 445 422
M AR E GB/T 145062010 fik 1R #h A A0 Ak 2% 43 17 J5 125 ) AT, 98 R b [ 1] 58 3t I3 A o 2 2% 41 R
GSR-1,GSR-2 #l GSR-3 X % ff ot o2t A7 W 4 4 SR 3R I L 32 48 0 3 MRS D6 3K 19 20 B G 2 20l 4 T 506
f10%.
2.2 #AEU-PbEE

Xt —F AR A T R R dh (XB-0,GPS: 12534 4"E, 42°51" 14") JF R 85 A U-Pb M4 T4 , B 5 b % L
KA A TARTE I AG A8 DX 3 b 5 4 7 0 5 F 53 i 52 B 85 A 19 1 38 L B B % O (cathodoluminescence
CL) EME A B LA B 38 6 3] ok Fiy JEAH & 55 58 - 4R 3% 7 (laser ablation-inductively coupled plasma-mass
spectrometry, LA-ICP-MS) U-Pb Il 4F T F ¥ 7E 74 dt K 2% K kil 8 4k 5 52300 4 iy 4 [ 0 50 30 = 56 I,
U-Pb M 4F T4 3R H #5 2 Geolas 200M HI i t  ftht 2 48 (9 Agilient 7500a %I ICP-MS., # )l 3 Bt 2y
24 pm, R FH 91500 bRl s A & REFR £ 3% 55 NIST SRM 610 X [\ f37 & Al e R M BT K IE . R
LR BCHE 1 b BRIE 3T Glitter 4. 0 B4 58 B, 4F 8% 19 11450 LA Kl i &1 19 2 i >R Tsoplot/Ex_ver3 7% F2 )7 52
.
2.3 A Lu-Hf A RS

B JEAL Lu-HI [FA2 3R 20 B 78 74 46 R 2% IRl i Ak 55 5 300 A i 4 [ 8 6 S 50 %8 58 I, >R ] RESOlu-
tion M-50 Y5> F 3063 il R 48 (193 nm) B Nu Plasma [I 59 X0 42 2 352 0% 3 7K 3% X (multi
collector-coupled plasma-mass spectrometry, MC-ICP-MS) #E 47 I3, #OE W B H 44 pm, B ph47 B 5
U-Pb I 557 B WA it B DR 35— 20 SR JT R BRAR HERS 41 91500 F1 GI-1 AT AR A IE FVECHE Wa 45 .
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FMEITTRE PR IE 1 AE 2, RHKANFARSE SIO, Fht 45.07%~51.05% , 5HMEHK
FHIAEER Y — B REA B A &R TiO, (1.46% ~2.62%) . CaO (5. 28% ~ 8. 13%) & &, B & 1Y
Al O, (15.36% ~17.83%) . MgO (7.29% ~8.90%) . TFe, O, (7.09% ~13.17%) X MnO (0. 60% ~
0.92Y) % B, Na,O il K,O & & 5514 2.98% ~4.15% Ml 0.72% ~ 1.37% ., %F B (1) 4= b & & A
3.99%~5.52%, 7 A-C-FM.A-C-F il La/Yb-2 REE % #H< 1 N #4519 J5 5 WK 2 B b (Bl 3 (a) ~
3Co)) s RHE AN AR i B9 A G E DB, F5 s FLJRUE S R A 3R 0E . BB BN B A AT T W E
AR JEAE . H B A A BB O R (2. 79 % ~4. 38 %0) LB R E LK Zr/TiO,-Nb/Y Fl TFeO/MgO-
SiO, & X F AT 25 A1 SRR R G0 R0 53 RS A TN R 00 0 9 A B8 M 2 2 DX I8R5 2R 5145
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Table 1 Major element compositions of the Xibao”an amphibolite schist %

FEEL S0, TiO,  ALO,  FeO  Fe,O, CaO  MgO  K,0 Na,O MnO P,0;  LOI  Total

XB-1 49. 14 2.25 17.77 6.42 1. 93 5. 46 7.51 1.37 3.92 0.63 0.21 3.37 99.79
XB-2 46.62 1.53 17.83 7.27 2.34 6.08 8. 30 1. 09 3.80 0. 86 0.18 4.38 100.05
XB-3 45.07 2.62 15. 36 9.41 2.64 8.13 8.90 1.01 2.98 0. 87 0.15 2.94 99. 82
XB-4 47.33 1.46 16.00  10.62 2.83 5. 81 7.75 0.72 3.78 0.92 0. 20 2.79 99.92

XB-5 51.05 2.11 17. 82 5.38 1. 89 5.28 7.29 1.37 4.15 0. 60 0.16 3.11  100.02

PO 22 BHC AR TR 5 B R TG 2 i 52. 93X 10 ~74. 10X 10, 76 BORL B A AR HEAL 6 - JC 2 1 4
B P (B 4 Ca)) Y SR B B A e s 1 o0 3R SR A B R L A oL e (La/ Yb)  fHOR 2. 15~
2.40,5 E-MORB —8("'" . 7 J5 4 Hiu b b o Ak it o0 28 ik I (R 4 (b)) v K A TN 5 G I B8 A9 Nb-
Ta F% .5 E-MORB B — 2 A RUME" B H Rb. Ba F KB FRACE &£, HBR—E M
Sr il Ti IEH% .
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Table 2 Trace element compositions of the Xibao”an amphibolite schist 107°

K Be Sc \' Cr Co Ni Cu /n Ga Rb Sr Y 7r Nb Cs Ba La Ce

XB1 1.06  20.

-
3

233.48 199.08 36.08 48.06 39.47 149.65 18.66 69.67 426.11 25.07 55.29 13.50 5.36 897.19 10.25 22.36
XB-2 0.94  24.24 254.50 208.00 40.88 53.78 47.05 158.70 19.10 39.17 339.40 22.00 49.35 10.87 4.84 707.50 8.77 20.13
XB-3 0.89  36.14 314.55 247.31 45.82 59.05 51.67 177.50 25.14 89.61 313.80 20.39 48.17  9.54 479 63190 7.09 16.90
XB-4 0.96  31.80 248.69 209.74 38.17 51.90 45.45 186.90 30.54 126.08 274.00 23.18 51.37 11.95 5.07 329.92 9.35 21.25

XB-5 1,14 19.23 209.37 176.82 35.90 46.22 35.66 214.61 19.36 20.37 330.15 21.69 60.37 10.05 6.11 456.27 7.39 17.28

FEfh Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu HI Ta Pb Th U

XB1 3.26 15,02 4.11 .37 4.29 0.76  4.86 0.98 2.88  0.45 3.06 0.45 1.43 0.99  11.05  7.38 3.31

XB-2 2.98  13.78  3.57 1.26 3.15 0.69 455  0.89 2.63 0.39 2.55  0.40 1.31 0.76  10.50  6.93 2.19

XB-3 2.30 10.08 2.79  0.89 2.98 0.50  3.36  0.75 2,26 0.34 2,35 0.34 1.24  0.61 8.13  6.57 1.94
XB-4 2.86 12.84  3.77 1.28 406 0.72 461  0.99 2,91 0.42 2.83  0.45 .37 0.81 9.08 7.19 2.54

XB-5 2.46  10.59  2.85 0.90 3.04  0.54 3.47 0.81 2,36 0.37 2.40  0.38 1.56 0.63 10.82  6.60 2.13
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Fig. 3 Protolith reconstruction diagrams and discrimination diagrams of rock

types and rock series for the Xibao’an amphibolite schist
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Fig. 4 Chondrite-normalized REE pattern and primitive mantle-normalized trace

element spider diagram for the Xibao’an amphibolite schist

£33 ARZHNKANARESER LA-ICP-MS U-Pb £ #1E

Table 3 LA-ICP-MS zircon U-Pb dating data from the Xibao’an amphibolite schist
(RO oAl A/ Ma
WAS  Th/107° U/10°  Th/U . e 207 pp/ 206 pp/
Z()/Pb/ZOG Pb 10, 207 Pb/,z«%aU 16 206 Pb//Z.iSU ]G 206 ! 15 vss 15
Pb U

XB-0-01" 463 659 0.70 0.09540 0,003 95 0.471 67 0.014 67 0.03585 0.000 62 1536 76 227 4
XB-0-02 17 43 0.40 0.055 36 0.004 63 0.33070 0.02586 0.043 32 0.000 97 426 177 273 6
XB-0-03 33 82 0.41 0.052 67 0,003 36 0.31073 0.01778 0.04278 0.000 82 315 139 270 5
XB-0-04 105 262 0.40 0.153 32 0.006 48 9.09586 0.313 65 0.43019 0.009 99 2 383 70 2 307 45
XB-0-05 " 82 222 0.37 0.082 92 0.003 14 0.569 56 0.01527 0.049 81 0.000 81 1267 72 313 5
XB-0-06 " 2 1 1.74 0.114 05 0,053 23 4.51645 2.10543 0.287 15 0.051 05 1865 666 1627 256
XB-0-07 575 739 0.78 0.052 87 0.00203 0.32474 0.009 00 0.044 54 0.000 71 323 85 281 4
XB-0-08 146 204 0.71 0.074 37 0.00243 1.78165 0.03517 0.17372 0.002 70 1052 65 1033 15
XB-0-09 302 537 0.56 0.052 69 0.00226 0.31361 0.01054 0.043 15 0.00072 316 95 272 4
XB-0-10 146 188 0.78 0.05590 0,003 03 0.55219 0.02586 0.07163 0.001 36 448 117 446 8
XB-0-11" 56 597 0.09 0.096 50 0,003 26 0.467 30 0.009 28 0.032 86 0.000 52 1558 62 208 3
XB-0-12 320 340 0.94 0.052 81 0.004 71 0.31177 0.026 10 0.04281 0.001 08 321 191 270 7
XB-0-13 98 144 0.68 0.052 35 0,00293 0.31026 0.01512 0.04297 0.000 80 301 123 271 5
XB-0-14 956 595 1.61 0.051 10 0.002 09 0.249 77 0.007 79 0.035 44 0.000 58 245 91 225 4
XB-0-15 120 195 0.62 0.056 04 0,002 35 0.521 57 0.016 94 0.067 49 0.001 13 454 91 421 7
XB-0-16 364 295 1.23 0.16178 0.00508 10.45518 0.19172 0.468 61 0.007 63 2474 52 2478 34
XB-0-17 " 550 837 0. 66 0.086 64 0,00303 0.31294 0.007 24 0.026 19 0.000 42 1353 66 167 3
XB-0-18 120 454 0.26 0.052 21 0.00245 0.28614 0.01103 0.039 74 0.000 69 295 104 251 4
XB-0-19 " 0.29 0.878 0.33 0.720 93 0.066 04 28.431 37 2.40551 0.28596 0.022 33 4773 125 1621 112
XB-0-20 " 429 1 800 0.24 0.066 80 0.00223 0.33915 0.007 18 0.036 82 0.000 57 832 68 233 4
XB-0-21 209 382 0.55 0.066 42 0,002 43 1.22310 0.031 60 0.133 54 0.002 20 820 75 808 12

TE PSS A o« B o AT FAR I B0 R T AR IR e
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Fig. 5 Representative CL. images,zircon U-Pb concordia diagram and weighted average age

diagram of zircons from the Xibao’an amphibolite schist

4.2 %A Lu-Hf F4 E4H1E

TE485 47 U-Pb AR AR E 248 8 s 4 R4 Lu-HI [A R, Hod 4 Bl B il (~274 Ma) 85
AR FEE A A SRR T S B A S A 4 S A R A AR AR RS A R O 2 47401 052,446 F
421 Ma) MRS5S WL 4, 4 R & gh A 3R A0 Lo/ HE (S A7 HE/"THI E 43 5124 0,001 41~
0.002 22 1 0. 282 83~0. 283 01, XF W /¥ ey (D H A 7. 6 ~14. 1, Ll Br HE B AEE (T 0 ) S F 615~
349 Ma, 4 PR/ QR E A0 La/" HE E A HE/HE B4 518 0.000 56~0. 001 62 F1 0. 281 35~
0.282 71, KR (2 474 M) B A1 e (ORI 4. 4, H 7T R (1 052 Ma) 85 A 1 ey () fH R —10. 0,2 5
R RREE A e (OSSR 5.5 F 6.7,

x4 ARZPKARNFEHEL H AARIHER

Table 4 Hf isotopic analysis for zircons from the Xibao’an amphibolite schist

W 5 i /Ma TOYb/THE TP Lo/THE YOHE/TTHE +1o CTHE/TTHD, ey (0 e fLu/HI Ty /Ma
XB-0-02 274 0.046 47 0.001 41  0.28297  0.000 02  0.282 96 6.8 12.6 —0.96 411
XB-0-03 274 0.06258  0.001 86  0.28301  0.00002  0.283 00 8.5 14.1 —0.94 349
XB-0-07 274 0.049 58  0.001 58  0.28283  0.00004 0.282 82 1.9 7.6 —0.95 615
XB-0-08 1052 0.047 35  0.001 35  0.28186  0.00002 0.281 83 —32.3 —10.0 —0.96 1975
XB-0-10 446 0.057 15  0.001 62  0.28266  0.00003 0.28265 —3.8 5.5 —0.95 847
XB-0-13 274 0.067 55  0.00222  0.28299  0.00005  0.282 98 7.8 13.4 —0.93 381
XB-0-15 421 0.050 03 0.001 38  0.28271  0.00005 0.28270 —2.2 6.7 —0.96 774
XB-0-16 2474 0.017 94 0.000 56  0.281 35  0.00003  0.281 33 —50.2 4.4 —0.98 2621
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Fig. 6 Petrogenesis discrimination diagrams for the Xibao’an amphibolite schist
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Fig. 7 Tectonic discriminant diagrams for the Xibao’an amphibolite schist
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