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Chronology and geochemistry of the Aruhan granodiorite in Inner Mongolia
and their implications for the evolution of the Paleo-Asian Ocean
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XIAO Deng', WU Rong-ze* and ZHOU Chang-hong”
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Abstract: The Aruhan granodiorite intrusion in Xiwuqi, Inner Mongolia, is exposed along the central and eastern
parts of the Hegenshan suture zone. LA-ICP-MS zircon U-Pb dating shows that the ages of the granodiorite are ran-
ging from 33243 to 327 +1 Ma, suggesting emplacement during the Early Carboniferous. The Aruhan granodiorite
is characterized by high contents of SiO,(65.20% to 68.27%), Al,0,(15.61% to 17.35%), Sr (472 x10™° to
552x107°) and low contents of MgO (1. 16% to 1. 61%), Yb (0.86X107 to 1. 13x10™°), Y (7.29x10™°
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to 11.42x10°°, with Na,0/K,0 and Sr/Y ratios ranging from 2. 56 to 4. 35 and 43. 45 to 75. 68, respectively.
The total REE is low (44.73x107° to 88. 11x107°), the fractionation of REE is significant [ (La/Yb)=6. 65~
13.85], and the anomaly of Eu (6Eu=0.79 to 1.07) is not obvious. The geochemical characteristics of the whole-
rock indicate that the Aruhan granodiorite belongs to typical high-SiO, island arc adakites (O-type) series, formed
in an environment of active continental marginal arc. The source of the maga might be the product of partial melting
of subducting oceanic crust with oceanic sediments, which reacts with overlying mantle peridotite. Crystallization
differentiation and contamination by crustal materials might occurre during its emplacement. This discovery may
support the fact that the central and eastern parts of the Hegenshan Ocean was not yet closed during the Early Car-
boniferous. Combined with the regional research, we preliminarily believe that the Hegenshan Ocean may have un-
dergone bidirectional subduction and abatement during the Early Carboniferous, which is different from the previous
view that the Hegenshan Ocean underwent unidirectional subduction and abatement northward only.

Key words: Hegenshan suture zone; adakite; bidirectional subduction of the Hegenshan Ocean; Early Carbonifer-
ous; active continental margin; granodiorite; Xiwuqi
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Fig. 1 Tectonic division of the Central Asian orogenic belt (a, Sengor et al. , 1993) and regional structural diagram of the

study area (b, after Ye Tianzhu, 2002; c, after Wang Jinfang et al. , 2021a)
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Fig. 2 Geological sketch map of the Aruhan granodiorite
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1—Quaternary ; 2—Lower Cretaceous Damoguaihe Formation; 3—Lower Cretaceous Baiyingaolao Formation; 4—Lower Permian Shoushangou

Formation; 5—ZEarly Permian monzogranite; 6—Early Carboniferous monzogranite; 7—Early Carboniferous granodiorite; 8—Early Devonian quartz

diorite; 9—location and number of sampling
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Fig. 4 Cathodoluminescence images and analysis points of zircns from sample of the Aruhan granodiorite( AO1, A02, A03)
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Fig. 5 U-Pb age concordia diagrams(a, ¢, e) and weighted average **Pb/**U ages histograms(b, d, ) of the Aruhan granodiorite

(15.61% ~17.35% ,F14 16.43% = 15%) ,A/CNK Kt (K 6b) H K& S & ASSHRIE R A, Bl in 55
B4 1.02~1. 17, B R UA A ; MgO Bk, o AR INA 8 5520 40 B As adct: 291

1.16%~1.61% (F¥1 1.41% < 3%) ,Mg"{H} 29. 54 (2) Wit IR
~41.75;Mn0 P,0, & TiO, & HAK, 7E TAS [Elfif BTN ZFE AL AL b N A T O R R TR 4
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Table 2 Major element contents of the Aruhan granodiorite
/ﬁ(‘:% SiOz A1203 Tioz F9203 FeO Ca0O MgO Kzo Nﬂzo MnO PZOS H20+ HZO_ Lol Total Mg# A/CNK
A0l  65.20 17.35 0.44 1.82 1.96 4.40 1.61 0.98 4.26 0.07 0.14 1.41 0.32 1.67 99.89 30.86 1.06
A02 68.27 16.35 0.37 1.24 1.65 3.29 1.16 1.42 4.65 0.05 0.13 1.17 0.15 1.31 99.88 29.54 1.06
A03 66.73 16.71 0.45 1.52 1.63 3.25 1.28 1.13 4.18 0.07 0.12 1.14 0.27 1.38 99.86 29.93 1.17
A04 66.51 16.11 0.37 1.61 1.57 3.21 1.53 1.28 4.03 0.07 0.14 1.42 0.32 1.17 99.33 33.65 1.14
AO5 65.78 16.47 0.46 1.58 1.51 4.01 1.56 1.61 4.12 0.05 0.13 1.25 0.29 1.15 99.97 34.74 1.02
AO6 66.95 15.61 0.29 0.74 1.19 3.92 1.33 1.24 3.69 0.05 0.13 1.17 0.22 1.23 99.67 41.75 1.05
18 a b Fel),
ol flic A & A0l o A04
- ERE O A0 ® A0S
A AD3 vV A06
12 F 1=
g ol RIBEZ R A
2 4 {13
S st :
T 6T
4 F
1t s
0 1 £ ‘I 1 v v
30 40 50 60

w(8i0,)/ %

Na,

0+K.0

6 BlinZFEE e INK A TAS (a, #5 Middlemost, 1994) F1 AFM (b, #& Irvine and Barager, 1971) Klf#
Fig. 6 TAS (a, after Middlemost, 1994) and AFM (b, after Irvine and Barager, 1971) diagrams of the Aruhan granodiorite

MgO

x3 MUFEHEERAKERITE RETEZFE w0,/107°
Table 3 Contents of REE elements, trace elements of the Aruhan granodiorite
S La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
AO01 8.70 16.73 2.21 8. 87 1.81 0. 64 1.77 0.28 1.46 0.27 0.82 0.14 0. 86 0.18 7.29
A02 14.47 27.56 3.46 13.35 2.44 0.72 2.29 0.36 1.74 0.33 1.01 0.17 1.01 0.28 8. 84
A03  9.47 21.22 3.58 11.28  2.38 0.65 2.12 0.26 1.61 0.22 1. 11 0.19 0.96 0.22 7.95
A04 15.13 31.72 4.86 13.41 3.26 0.71 1.99 0.35 2. 11 0.32 0.97 0.21 0.89 0.19  10.27
AO5 22.38 28.92 5.17 18.93 3.15 0. 88 2.46 0.24 1.92 0.35 1.28 0.15 1.13 0.27 11.42
A06  20.95 37.11 3.16 15. 45 2.73 0. 69 2.51 0.49 1.83 0. 44 1.25 0.24 1.02 0.24 8.92
5 Sr Rb Ba Th U Ta Nb Zr Hf Pb Ti
A01 552.00 36.00 230. 60 2.48 0.78 0.26 2.85 66. 00 2.07 10. 00 2 656
A02 484. 40 38. 80 359.40 3.37 1.09 0.28 3.31 101.70 2.74 12.50 2 206
A03 472.00 47.00 335.00 4.72 1.11 0.25 3.43 74.30 3.12 15. 60 2 573
A04 512.20 39.91 324.70 3.31 1.21 0.23 3.69 80. 12 3.96 27.16 2 487
A0S 496. 15 45.37 298. 13 3.55 1.16 0.36 3.37 91.22 3.08 22.98 2316
A06 509. 12 51.79 386.75 4.16 1.18 0.29 3.63 85.62 3.06 23.17 2419

N2 3 Jro, Bl an == B AL AE i N A R 1T
R BAL (44, 73 x 10° ~ 88, 11 x 10°),
LREE/HREE = 6. 75 ~ 10. 18, (La/Yb) = 6. 65 ~
13.85, B2 EM LR W ; (La/Sm) (= 3. 02 ~
4.83,(Gd/Yb)=1.66~1.99 ¥ It XN EB KA

AP SR A LU R B, 8Eu R 0.79~1.07,
HiTCH B 534, Yb 4 0.86~1.13x10°°( <1.9x10°°) ,
TR, BRI INE A ERR B ( Boynton, 1984) #r
HEALEL /& (T 7a) TR £ o0 F B o i 42 2 B

A, 5

HL A

TN

3Rk T BE o i E2E AL
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Fig. 7 Chondrite-normalized REE(a, after Boynton, 1984) and primitive mantle-normalized trace elements distribution patterns

(b, after Sun and McDonough, 1989) of the Aruhan granodiorite

n2 3 s, AR AL B N A Sr & i8R
5,04 472. 00107 ~552. 00 107, Y & 45K, N
7.29x10°~11.42x10°(<18x10°);Sr/Y {H I
(43.45 ~75. 68), fs ik JC & J5 45 Hi e (Sun and
McDonough, 1989) brifEALIk X K] (1K 7h) Fr 7, 46 X
N R JC 3R SR B I B R, R ok A
JUE AN Rb Ba . Ph Sr Eu HIXF & 4, 5750 £
Th U AHXF &5 46, i Nb Ta Ti AHXF 5381, 5 5 90 AL
HEAR TR S A R AR

4 HHE

4.1 FERHER

AR BT A0 25 B A 1 TN 5 S5 2 K5 0 174 b o
EAREEETE , NS HIR X BB )R (1976) 78 1:20 J7
BE XA R BT I FE R A K N A R AR
JIVG I TR R YR A5 ST IR DX ML BT 3 £ B
(2008) 7E 1:25 J3 1 5 L DX 4z 15 v 4 U HOE
T =S AR 3 R S T LA-ICP-MS £
A1 U-Pb RSEAINAE | ARA5 BT 4 0018 B TN A AR R
435K 33243 Ma(MSWD=3.6) .331+2 Ma( MSWD
=1.7) 3211 Ma(MSWD =1.9), & 7% Bi] 40 28 549
A6 5 N AT BT 5 et IR R GA R 4 )
PUBE Al At AR UAE PH b DX R Rk
AR AR A K58 X — A s i N =&
PR AR AL, R ARTE BRI A R A 3 PR
BB TORS B A A AR

4.2 mREZEA

WHTIR , BT A BAAE K IN S & & Sio, (CF-
P& o 66. 57% > 56%) . ALO, (F3# & & N
16.43%>15%) Sr (“F-34 & i 2 504. 3x107°>400 %
10) MgO (P& HH 1. 41%<3%) . Yb (0. 98 %
10°<1.9x10°)) . Y(9. 11x10 °<18x10°®) 4]
WSEH (8Eu=0.79~1.07), & St/Y {H (43. 45 ~
75.68) ,7E St/Y-Y (& 8a) 1 (La/Yb) —Yb, [&lfit
(B 8b) v, BTN ZEHAAE a TN A AR T 5 AR IA
A IX

XT HIR IR T A 1 5 A L ER Ak % 5 X ( Defant and
Drummond, 1990; Castillo, 2006) M 31k 57075 09432
(Martin et al. , 2005; 5K 2006) , % BEFT 402
ALK N A HA & Si BR800 7 A1 sk {27
FHIE , 7E MgO—-Si0, ([l 9a) .Sr —( CaO + Na,0) ([
9b) .Sr/Y- Y (& 9¢) Fl Nb— Sio0, Klfi (1 9d) H , i%
FAREIALT R SRR AR O SR BT
A Tl A SR O L P [ I B a0 2 4E B TN
K4 Na,0/K,0 fH N 2.56~4.35(F#)2.85=2),
IR, B, DA BT AN R AR S TN R
HE o B A Si IR T (0 AL, RS
(2020) A A S5 9IRAL &7 Si SRR T (0 ) SRRV
TRPEFETS IR B 5 1 7 b 08 BN S S I T R
1, X — NG TR A AR LI 45 R B — 5, —
TEOLT et LA RE R E R Mg < 45,1
AR e 52 0 AV E R TE IR BT Si 6 1A 388 2o 1 o
WL T M 0 O AR VR AT S B SiE AR Y
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Fig. 8 Sr/Y-Y (a) and (La’Yb) y=Yby(b) discriminant diagrams of the Aruhan granodiorite (after Defant and

Drummond, 1990)
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Fig. 9 Mg0-SiO,(a) .Sr—=(Ca0O + Na,0) (b) .St/Y-Y(c¢) and Nb-Si0O,(d) diagrams of the Aruhan granodiorite (after

Martin, 2005)

Mg (B8 5, BB R e 9K LT A o ol 7 30 20k Bk o
YIS ol TS IR YA S BUE SR AL
M) MgO 54 & Mg (E AR, Bl dn =i Ao 4L 1]

A Mg (5K (29. 64 ~41. 85) , PABAH A3 AT fE
SRR TIPEF o P 7 BB M RO 5 L B e AL
WEa RO e B ARS R AT REZE T 1A IR A



1230 F=

fa i Y

2
¥R &

43 4%

o35 S Hse P BRI G, R BT AR AE b N
B Th(2. 48x107° ~4. 72x10°) Ph(10x107° ~
27.16x10°°) & & & Th/La (0. 16 ~ 0. 50) . Th/Sm
(1.02~1.98) . Th/Yb(2.89~4.92) Th/Ce(0. 10~
0. 22) i, B4k B H R XA ASRAR w5 72 1835 53

fr gy At

R, PTREWAT KA i TR R A (405 5%
2018) , A, I rhire 5 R PEDUR R o0 I Bl R 1
s Si fE RS LA BT A A SR, I 1T
bR R AR T AR S S IR BUR B X — il AR
A BE SR BT A = A B DA R BRI BILAR (18] 10)

B 10 BT an == A A0 46 b N A IR R

Fig. 10 Genetic model of the Aruhan granodiorite
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PRAE (2018) TEB MO R IR b [X 2 BRI 7 A
INK A (330, 1+ 1. 1 Ma) FBG A7 ot AE B TN K 7
(319+1 Ma) , BJI¥ BT 1 3l K Bk 340 & ; 3 £ i 45
(2016) TEB MR R b X 5 PRER Bl 2 v R LA
AR B M Ll % (334, 5+3.5 Ma il 323. 4+
2.4 Ma) ,JEJT— & 55 IR ER B R IE 3h K i i1 2% X1
B4 (2016) 75 75 M 9 55 38 75 40 2 BRMG it
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HHEAE (2009 ) 76 P4 Lk HLR S G BRI T A
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M F4T555(2020, 2021a) 76 P4 12 AR 57 47 5 47 46
ARG EIEN H WA A 355K 5 (315. 06. 2 Ma,
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DAVIRE 1 A AR 0 18 SRS YA A0 v i e R s i 8 2o 7Y
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G 1 5%, 55 WA e T by SIE 9 3 %) ORF v 30 sk
B (XN EIE S 2009; W& EiE, 2012; ZEEGA,
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Fig. 12 Tectonic evolution model of the middle and east section of the Paleo-Asian Ocean in the Early Carboniferous
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