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Discovery of the Late Carboniferous adakite in the Erenhot— Hegenshan suture
zone and intra—oceanic subduction of the Paleo—Asian Ocean

WANG Jinfang, LI Yingjie, LI Hongyang , DONG Peipei

(College of Earth Sciences, Hebei GeoUniversity, Shijiazhuang, 050031, Hebei, China)

Abstract: The Ehenaobaotu tonalite is outcropped in the northern part of the Meilaotewula SSZ— type ophiolite of the Erenhot—
Hegenshan suture zone in Xi Ujimqin Banner of Inner Mongolia. Based on the study of petrology, geochemistry and zircon LA—
ICP—MS U-Pb geochronology, the genetic type and tectonic setting of the tonalite were determined, and the final closure time and
subduction process of the Erenhot—Hegenshan ocean basin of the Paleo—Asian Ocean were discussed. The tonalite is characterized
by high SiO,, ALO;, Na,O, Sr and low K;O, Y contents, enrichment of Rb, Ba, Sr large ion lithophile elements and LREE, and
depletion of Nb, Ta, Ti, P high field strength elements and HREE. There is no pronounced Eu anomaly. The lithological and
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geochemical characteristics show that the Ehenaobaotu pluton is a high Si adakite (HSA)formed in island arc, and was derived from patial
melting of the intra—oceanic subductingd oceanic crust and sediment and subsequently reaction with overlying mantle wedge peridotite. Its
U-Pb LA-ICP—MS dating yields (305.6+1.5) Ma and suggests that the Ehenaobaotu pluton was formed during Late Carboniferous.
Combined with the study of spatio—temporal evloution of the Carboniferous ophiolites and Carboniferous— Permian island arc magmatic
rocks in the Erenhot—Hegenshan suture, it is assumed that the Erenhot—Hegenshan oceanic basin of the Paleo— Asian Ocean was in the

process of oceanic subduction characterized by intra—oceanic subduction during the Carboniferous—Early Permian.

Key words: tonalite; adakite; intra— oceanic subduction; Late Carboniferous; Erenhot— Hegenshan suture zone; geological survey
engineering
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Fig.2 Cathodoluminescent images and LA—ICP—MS U—Pb ages of zircons from the Ehenaobaotu tonalite
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S HE/10° WU [F) 7 2K LB R/ Ma

Pb U *Pb’/Pb’ +% *PbU +%  PbP*U +% Pb/U

1 6 122 0.3858 0.0663 7.01 0.4445 7.08 0.0486 093 306 +3
2 15 286 0.6116 0.0555 5.71 0.3686 579  0.0482  0.89 303 +3
3 11 215 0.5546 0.0551 5.10 0.3574 5.16  0.0470 0.83 296 +2
4 6 108 0.4663 0.0547 18.78 0.3709 18.0  0.0492 .15 310 +4
5 11 206 0.5115 0.0528 5.30 0.3553 539  0.0488 0.83 307 +3
6 6 124 0.3639 0.0561 8.31 0.3752 8.15  0.0485 1.01 305 +3
7 4 83 0.4065 0.0616 11.43 0.4217 10.9 0.0496 1.13 312 +4
8 13 259 0.3904 0.0601 5.82 0.4045 5.83  0.0488 0.87 307 +3
9 6 110 0.2835 0.0517 25.98 0.3524 25.1  0.0495  1.43 311 +4
10 12 225 0.5785 0.0550 5.42 0.3644 559 0.0481 086 303 +3
11 136 0.4376 0.0523 9.64 0.3591 9.70  0.0498 1.03 314 +3
12 176 0.4280 0.0519 6.35 0.3471 6.41  0.0485 085 306 +3
13 122 0.3991 0.0560 9.18 0.3780 9.18 0.0489 097 308 +3
14 11 218 0.4720 0.0541 5.48 0.3589 5.61  0.0481 0.84 303 +3
15 84 0.4081 0.0536 19.13 0.3530 17.5  0.0478 137 301 +4
16 3 59 0.4794 0.0868 13.64 0.5807 125 0.0485 140 306 +4
17 4 87 0.4436 0.0749 9.16 0.5073 9.01  0.0491 1.11 309 +3
18 18 331 0.8842 0.0512 3.68 0.3439 3.83  0.0487 089 307 +3
19 9 206 0.0628 0.0537 5.83 0.3538 594 0.0478 0.85 301 +3
20 3 60 0.5249 0.0492 43.97 0.3598 30.0 0.0530 140 333 +5
21 4 84 0.4270 0.0612 15.19 0.4051 148 0.0480 133 302 +4
22 4 82 0.4161 0.0819 9.56 0.5519 9.65 0.0489 134 308 +4
23 10 193 0.6232 0.0518 5.80 0.3471 585 0.0486 085 306 +3
24 7 127 0.4639 0.0754 5.94 0.5106 6.09 0.0491 097 309 +3
25 5 104 0.2562 0.0528 14.44 0.3538 140 0.048 1.09 306 +3
26 5 94 0.3005 0.0617 9.65 0.4142 9.45  0.0487 1.07 306 +3
27 7 133 0.3657 0.0581 7.40 0.3913 7.41  0.0488 0.89 307 +3
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Table 2 Major element(% ), trace element and REE

analyses (10°°) of the Ehenaobaotu tonalite

. T Si R
¥E5  PS1-08 PSI-09 PS1-10 PSI-11 PSI-12 PS1-13
ETA

Si0,  66.58 6645 66.03 6792 6637 6597 64.8
TiO, 050 049 048 048 046 051 056
ALO; 1557 16.14 1584 1633 1636 1598 16.64
Fe.:0; 205 199 1.84 187 190 194 475
FeO 1.63 155 175 127 160 183

MnO 0.071 0.071 0.072 0.053 0.064 0.066 0.081
MgO 164 194 168 1.19 149 198 218
CaO 339 290 333 184 355 298 463
Na,O 425 445 446 522 443 446 419
KO 191 181 195 175 167 182 197
P.Os  0.151 0.157 0.152 0.161 0.151 0.149 0.2
LOI 211 195 228 178 181 212

Total 99.86 99.88 99.86 99.86 99.86  99.81

Mg 46 51 47 42 45 50 48
La 1089 1267 1051 1457 1070 1210 192
Ce 21.62 2735 2093 3289 214 2623 373
Pr 273 313 266 425 261 339

Nd 1090 13.58 10.66 16.66 1030 13.69 182
Sm 216 235 210 319 190 273 3.4
Eu 074 083 075 090 074 086 0.9
Gd 1.83 199 178 254 158 211 2.8
Tb 03 032 029 039 024 035

Dy 171 1.8 166 218 144 214 1.9
Ho 031 035 030 041 026 033

Er 089 112 085 122 078 098  0.96
Tm 014 018 014 021 013 0.14

Yb 091 105 089 133 082 093  0.88
Lu 013 018 012 019 012 016 017
YREE 5526 66.89 53.64 8093 53.01 66.35

Y 786 884 7.67 1095 677  9.89 10
Ba 5282 4132 4828 392.8 4588 439.6 721
Rb 398 257 319 263 259 312 52
Sr 458.6 4212 4535 4622 4753 4451 565
Zr 1132 994 1055 983 995 1059 108
Nb 278 293 252 332 250 233 6
Th 429 373 356 443 324 435

Ni 620 590 540 640 520 632 20
V9050 67.50 83.50 6220 7480 79.43 95
Cr 115 123 93 139 9.0 12.4 41
Hf 700 752 902 876 685 8.64

Sc 788 612 745 617 596  7.13

Ta 020 023 023 029 020 0.19

Co 1060 930 1010 7.60  9.00  9.89

Li 2712 214, 2893 1945 1944 2531

9] 1.04 095 019 08 099 073

A

P =N

%3
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Table 3 Average compositions of the Ehenaobaotu tonalite and high—SiO, adakites

FAH B SiO; AlLO; MgO Na.0/K.0 Sr Yb Y Sr/Y
BRI EESNKSE  66.55 16.04 1.65 2.50 452.65 0.99 8.66 53.76
15 SidRIk A 6480  16.64 2.18 2.13 565.00 0.88 10.00 56.50

TE A &A%, B b IR TR i 107 BURBLALIEI e 2 N IR 9 WFSEIX 6 R AL IMH, 5 SidRIA v

267 ANFE A E{E (Martin et al.,2005)
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45,2003 ; £ 584, 2003 ; Martin et al., 2005; £ 455
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Fig.8 Primitive mantle—normalized trace element spider
diagram of the Ehenaobaotu tonalite(normalizing values after
Sun and McDonough, 1989;High—SiO, adakite after Martin
et al.,2005)

B 5 9K A 12 38 58 45 (O A ) (Defant et al., 1990;
Kelemen, 1995; Yogodzinski et al., 2001; Martin et
al.,2005; Viruete et al., 2007 ; X5 & ##%5,2010,2015);
) 5 IR SR X a5 T H s Rl SC IRk
4+ (C A1) (Sheppard et al., 2001; Hou et al., 2004;
Wang et al., 2005; Xu et al.,2008), —IAN, HiFp
Bah v 1) F2 B O A T B IR R GK v o AR
BB HRAE, 2015), 1T C BYIR A o 5 W AH X 5 41
WESERB, o IR s IR 7 s 20 R 18 i)
BRIK v A —FRRIR Y 5 IR A 3R, RS oA
PRV A E IR FE NS R 51, Na,O/K0 [
{EABRT R, — M IA N 22 KT 2(Defant et al., 1990;
Stern et al., 1996; 5K £ 5% , 2001 ; Samaniego et al.,
2002; Bourdon et al., 2003 ; X ¥ ## 45 , 2015), Jil /&
SRR Z BTN M52 R Al A A IRIA
) 32 22 R v A A B M &R 91, Na,O/KLO HE (B AH X6 458
AN, =N ZAE 1~2, £ 2 T Na,O/K0<1, 1 H
B 3 1L R AR 3 LS AR T R B AR A
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Fig.9 Y=Sr/Y tectonic discriminant diagram of the
Ehenaobaotu tonalite (after Defant and Drummond, 1990;
Martin, 1999 ; High—SiO, adakite after Martin et al.,2005)
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Fig.10 Si0,—MgO,(CaO+Na0,)—Sr,Y-Sr/Y and SiO,—Nb diagrams of the Ehenaobaotu tonalite( after Martin et al.,2005)

22 e P ) VR A DGR SS , 2001 ; F5m 4,
2003),

AKX IR INEK AR T er: 250, A5
BIZLAD , Na,O/K,0 2 2.23~2.98 , F-HI{H 2.5(F% 3) ,
BN & B e A, B B IR GR v A i AN
MYRHIE. 78 Y-St/Y Bl (K 9) , SR B e =
NP5 ABRIR T Aa BN, I 5 5 IR & SidR
iksn e (267 FEM B E) A G . TR
Si0,—MgO . (CaO+Na0,)—Sr.Y-Sr/Y Fl SiO,—Nb [¥|
figrhr (E110) %A A BT A SiRIA e AT N
i HEAR A T 22 A 6 AlA R Y R N, X e ek
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7E Rb—(Y+Nb)Fl Rb—(Yb+Ta) 4 1 ¥ 155 1 31| (5]

fift b (11 SR B B 958 2 IN A VR A K L 5K
YR A, S e H: Ay 5 R 77 ) ( Thorkelson et al.
2005; Viruete et al.,2007) . 7EPHI TTG AZ (KA
N E - AE R 7 — B RIN KA ) 1 An—Ab—Or 71
FEIfE (1 6) , BRI S = N ARG 414
AR AE S 5 N 5 T (tonalite) X, 1NRE S 4% 76 B8
£ A€ X & T (trondhjemite) X, 1 /ME i B AE S = (A
KAT SRKAARS Tl X, iz s kBT
T TG AN T T A HEFHE (e m K A -
Ao ) , B2 A UE I 3T R 5 A EE (AR
4, 2015) .

25 LA AR XU 22 I A BT B RO o
EERBEEIE Y 15 R v Si SR 3K 5w A ARSI, AT BE>
A b A 7 A A L 5 i RS S s
A% H (Rapp et al., 1999 ; X335 45 45, 2015 ; M PRAESE,
2016), SR, 5 SRRV A AZE L A X IRIA e
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Fig.11 (Y+Nb)—Rb (a) and (Yb+Ta)—Rb (b) tectonic discriminant diagrams of the Ehenaobaotu tonalite( after Pearce,1984 ; High—

Si0, adakite after Martin et al.,2005)
syn—collision granites(syn—COLG), volcanic arc granites(VAG), within plate (WPG) and normal and anomalous ocean ridge (ORG)
granites
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Fig.12 Genetic and evolution model of the Ehenaobaotu tonalite and igneous petrotectonic assemblage of the Meilaotewula intra—

oceanic arc
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