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(1990) i, RA B F25 Ma (ERER A LR
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Fig.1 (a) Geological sketch map of the Wenduermiao-Tulingkai area, Inner Mongolia, showing the sampling site;

(b) the sketch showing the distribution of ophiolites in Inner Mongolia and the study area
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Floydetal. ,1998) . BR AL O &K 4b , & 9 48 K £ %%
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- Table 1 Major, tracer and REE compositions
oo

of adakites in Tulingkai

SRk WERNKRARKERSE HEKE REE
| MT1-D | (MT1-4) | (MT1-2) | (MT1-11).
"y | o0 _ 1o
SiO, 61.19 74. 93 61.41. | 69.42
TiO; 0. 49 0. 04 0.01 .| o.04
ALOs 16. 86 14.77 23.31 5| 13.86
Fe,0; 4.56 0. 86 0.55 *| 1.39
FeO 2.60 | 0.60 0. 45 §| 0.78
MnO 0.11 0. 04 0.05 0. 06
MgO 4.21 2.58 0.43 | 127
Ca0 4. 86 2. 58 s.07 ¥ 360
Na,O 4.47 5.29. 8.20 3| 4.28
K:0 1. 44 0.38 1.15 1.83 .
P,0s 0.21 0. 01 0.01 0.05 "
LOI 1.52 0.63 . 1.14 4 3.72 .
RE 99. 92 99.'80 100. 32 99. 52
HRTE | (X1078) 4
Se 16.5 1. 29 0.49 | 131
v 106 13 43 | 12.3
Cr 94 9 4 100,
Co 13.1 2. 24 2.28 | 321
Ni 57 2.2 19 .| 19
Cu 43 14.2 3.64 6.9 &
Zn 25.8 | 5.93 3.21 ;| 189
Ga 11 9.28 | 109 '| 10.8
Ge 1.03 0. 67 0.58 «| 1.18
Rb 49.45 8.16 | 31.67 .| 35177,
Sr 805 566 1015 538 .
Y 9.2 0.92 0.70 .| 4.83
Zr 31.3 35.9 64.5 54 .
Nb 9.3 0. 41 0.15 3.3
Cs 0.42 0. 49 0.27 | 0.53
Ba 646. 4 760. 6 591.6 0| 1326
i _
REE | (X107 : o
La 7. 87 0. 87 3.03 .| 11.25 °
Ce 19.10 2.07 3.68 .| 20.2
Pr 2.17 0.21 " 0.30 2.19
Nd 8.62 0.86 0.86 -1 7. 44
Sm 1.86 0.19 0.12 +| 1.20-
Eu 0. 60 0.19 0.28 1| 0.57
Gd 1.72 0.17 0.13 | " 1.06
Tb 0. 26 0.03 0,01 *| . 0.14 "
Dy 1. 46 0.14 0.08 "| o071
HO 0.31 0.03 0.02 f| 0.15
Er 0. 83 0.10 0.08 | 0.44
Tm 0.13 0.02 0.02 | 0.08
Yb 0. 85 0.16 0.17 i1 0.57°
Lu 0.14 0.04 0.04 I 0.11
Y 9. 20 0.92 0.70 4.83
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Table 2 Geochemical signatures of adakites in Tulingkai

RER E%W&%ﬁﬁﬁﬁ% #HRE | BEE
£0 | (MTI-1) | (MT1-4) | (MT1-2) |(MT1-11)
Si0:(%) | >56 61.2 ©74.9 61.4 69. 4
AlLOs(%) | >15 17 14. 8 23.3 13.9
Na,O(%) B.5~7.5 4.5 5.3 8. 20 4.28
K,O0/Na,O | <0.5 0.3 |7 01 0.14 0.4
© Sr(Xx107)| >400 805 566 1015 538
Yb(x10=6)| <1.9 0. 85 0.16 0.2 0.6
Y(X107%) | <18 9.2 0.9 0.7 4.8
_ St/Y >40 87.5 615. 2 1450 113.4
"La/Yb | >20 | 9.25 5.4 17.8 | 2.3
Zr/Sm | >50 16. 8 188. 9 537.5 45
Eu 8% x | X iE iE iE
ssu% | E E iE E E
 87Gr /865y (<C0. 7045
143Nd /144Nd [>0. 5129

H:@© M Defant % (1990, 1993), Mauy %5 (1996), Martin
(1999) A #r iz . Fadb K.
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Fig. 2 Spider diagram of trace elements of the
adakites in Tulingkai
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Fig. 3 REE patterns of the adakites Tulingkai
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REAFTHRKERE P HRFEH, HEH10
ke AAIKEA  BREHW.HEEFEIRKSA,
RKIBEMBLAEFESRERSHER, FEE—
BREHW. EANEEZET YRS  MEKAAHL0Y, 5
KAA%  AEAB% EARXRNESHEAT Y, &M
BHA.

Bx ALO,BEMR45h, EREABA BRIX AN S
FFE(RL2).ER St B HIA538X107°(5&1,2),
ERKHERKAEMAB KA MK REE &
BWE,HEH 5 HMHREE, FEuR ¥ 8 (E3),
R T A A,

FREMRIIRIKTE, BARFERIETLE W
RUFERR . SHRBHHAERREREX WEFE
—HER  FER.O BRKERKEMTI-O MK
TEHERDH ALOBEAL; @ 4ME A K La/Yb fHE
RTF20(KR2) XL X FI B T EAARILIR X A B E
HIFRIR M

2 SHRIMP U-Pb 43t 7

#f SHRIMP U-Pb 437 AL B F R4 O
SHRIMP 1 I 58 B, FA#R & % B 5 85 B F AP 5T
TE P [ b TR B R M B BT e F IR R =
58 i . B i SHRIMP j3#17 U-Th-Pb 43 #7 B9 ¥ 40 it
2 MR H 2% Compston % (1992) . Williams £
(1987) X — (2003 I X E. — KB FHMBRE, 4
7.5 nA, MEHEAHIOKV, EHEFHEFREE

% #925~30 pm, T &/ PEFE L5000 (1 %14 H) B
FABKH) B R # 8RS A TEM (417 Ma) it
1770 8] 9 4> 18 £ IE (interelement fractionation) . i
Ji RSES (38 & # 7 [ 37 K 2 #h 2 Be) AR 65 A
SL13 (4E#572 Ma; U & £ 238 X 107 ) 47 5& T I %
A K U, Th f1 Pb & &, B 4% 4 3 R A Ludwig
SQUID 1.0 % ISOPLOT # % (Ludwig, 1999,
2001) A EN KA FRMK U A Rili U-Pb 2
Br o, 3 8 5 — AR 38 S Ph AT K IE, K
PR BA Wetherill -4 B A (El4~8) X T A
TR A PRAK U 858 f38, B A S Pb KR IEH
W, IR HPh/ U 4F i, $ 4 B Tera-
Wasserburg # B 77 2 3 1% (E5) . A & 4b B E 1
Y15, E 71 5% Nutman % (2001) , 3~ 5 T3
BRI B R B AR S AR 2 B R 16, R AP /U 4
i, M E RS UM B R,

3 hER

3.1 AERKEMTI-D

AR E BRI/ R T AENKEFEANA
WA X EEAHRARAENLRES AR &
H AR, X e dG I 2 ] R RAERAR (B R 1) ARBEFAR &
e IX 2 R R K TR K AR (R 3) . — L8 3R
BEW (R I-13) WA FENEFTEA T LA
Y IE MR- s (AR 1-3~8), Al £, 58
W, BEEED, HASA A 8GN SR
RAE LR, —BH R IR (B T-3,4), 75—
To B B RS ARAE (BRR T -5,8) MBS A F. B
TEBEAASE ERI-3),

RIMFATI AN KA B 13448 A BB A 19
4~ SHRIMP U-Pb 2 #7455 BT 4 8 o0 R
FFM Th/U HL2HHrn FTER I S 4508480
MK U &8M Th/U EEEBRK.USER/DIHN
9X107%, £ K %863 X 107°, Th/U {825 4L 75 B M 0
~1.66. AW FE, X4 TH Th/U E. K Th/U
EFRAE U =Ffp2R A G5 A XA U i Th/U EHE
EXRBARA, EAXRNKEEAIE Y, EAHE
BRI EIAREE T RIZINAT.
3.1.1 & Th/U {&E#% 81 (Th/U=0. 18~1. 16)

B Th/UHESREELEFHARE LG, B
TR CNE R 1-5; B/ 1-6; B AR I-7;
Bl h 1-8), % & Ak 38 (a0 B AR 1-9; B WL I -
10;EMI-11;EAMRI-13) . XEFRHUSE



%33 - %J%%—%:W%ﬁ@%%ﬂ%ﬁ%*iﬁﬁﬁ% SHRIMP ?ﬂﬂﬁ:ﬁﬁéﬁ#%iﬁvﬁéﬁiﬂiﬁ 321

102X 107°~853 X 107, 4F #

S i 7E 443~ 483 Ma BB/ B
V‘] ’mmﬂ;i’g@ﬁ%lﬁ’?ilé Ma(n 0.085 gg;ﬂ&ﬁ, ;Qua;'tz diorit;)
=6, MSWD=0. 99), "
AP 2(EBR 1-11) , R ’ N
PR A X, UEEA17X100) .
1 Th/U 8% 0.35), /A5 & 0.075[-'
— Bk b B9{E UJME Th/U fR - &
SEMAHTRUNER. H5N ot
414+17Ma F1419+£19 Ma, 3581 |
T T BET B A BT 14 2 (FEL AR 0063 ATHUR R
113), R ERER BTN B | S
5 I — UL B B, U & | ;&ugg%zgﬁlﬁilsm
8 . Th/U {4 A6 2, 7 0055 . J =4, MSWD=1.19
R T — R A R E S .02 o 04 L5 - G
3.1.2 KTh/UBO~0.DE L T
mEE . | H4 BERKHEL UPh KM
& Th/U E#Z B I-3, . Fig. 4 'U-Pb.concordia diagram of zircons from the quartz diorite * -
4)F IR G E AR 1-1,2,12) 8
R R S WA R AL
BRI (B I-2,3,4). 1]
WU SRHN42X107°~219X . s
1076, BRAMHTL2. 249 4 M BEAR A | FRRKE qummdene) BTl kg, 4i4E17M
(%3;Eﬂﬁﬂ—12),%qﬂﬁ429~ . L (néS, MSWD=1.3)
474 Ma KOS B 9 » IACE 346 8 3
% 451418 Ma(n= 4, MSWD= .l
1.18)., i .
B ERES (HO,H =
Th/U {H A& Th/U EFKER -
SR B I T — SO - | 00sheroo g
B B O T S 6 R B - 5w -
EEAER, ENOMTEHEE : : | |
#HRAA16 Ma WERREX 0.04 e I L L .
B E SR/ B Th/U (A o 3 ¢ : ?
EAZRERTAXAR LSBT o TR
BB M ER AL IR BT X 5, B B 5 AREKESRIE U KR KBS Tera-Wasserburg CRE E
EATRER T RER B T WAL ' (92" Pb/**Pb-**U /**Pb) ¥
B Hb R L X — & B ie _ Fig.5 »’Pb/**Pb(uncorrected) versus 2387 J /2°Ph (uncorrected)
R, ) TerajWasserburg plot of extremely low U zircon domains

from the quartz diorite

3.1.3 REUVSEBMHFOX
107°~24 X 10" ) FAGHE
FANFE (R4 B T -1,8) 3 IRIR M3 (R4
AR 1-10~12) 8 U & BRAK, 59X 107 ~24 X
107", #fAL#) Th 7l Pb & B W HL S ZE I T

“'Pb E_?i’rﬁﬁ,ﬁgﬂ)ﬂwﬁ,?ﬁiﬁéﬁl?&ﬁ%iﬁ
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Table 3 SHRIMP U-Pb data of zircons from the quartz diorite
206 206 * 206 238 207 206 207Pb~ ZO7Pb» ZOGPb*/

| HE | | oofoao-n| ™Y |0 mon FR0w | w4 wy M) e |2
1.1 3 0.48 209 6 0.03 12.9 | 445417 | 363+120 | 0.0538 |[5.1| 0.530 | 6.4 | 0.0715 | 3.9
2.1 WA 1. 65 42 0 0.01 2.81 | 474419 | —1614400 | 0.0431 | 16 | 0.454 | 17 | 0.0764 | 4.2
3.1 | #%,BH | 1.37 50 5 0.11 3.23 | 459419 | 5084260 | 0.0574 | 12 | 0.585 | 13 | 0.0739 |4.2
4.1 | B, | 0.04 81 0 0. 00 4.77 | 429+18| 6164110 | 0.0603 | 4.9 | 0.572 | 6.5 | 0.0688 | 4.3
5.1 A 1. 34 853 961 1.16 56.6 | 473417 | 4314120 | 0.0555 | 5.2 | 0.583 [ 6.4 | 0.0762 | 3.8
6.1 ¥ = 199 128 0. 66 12.8 | 467418 | 528448 0.0579 | 2.2 | 0.600 |[4.5| 0.0751 | 3.9
7.1 % 1.23 241 197 0. 84 16.2 | 478+18 | 2594120 | 0.0514 |5.4| 0.546 | 6.6 | 0.0770 | 3.8
8.1 ¥ 0. 45 195 106 0.56 11.9 | 443417 | 433+98 0.0555 | 4.4 | 0.544 |5.9| 0.0711 | 3.9
9.1 | T4 1.14 108 19 0.18 6.55 | 435417 | 1264230 | 0.0485 | 9.6 | 0.467 | 10 | 0.0698 | 4.0
10. 1|, B&H | 1.04 102 51 0.52 6.39 | 451417 | 2204100 | 0.0505 | 4.4 | 0.505 | 5.9 0.0724 | 3.9
11. 2 7 0.72 117 39 0.35 6.69 | 414417 | 314+390 | 0.0526 | 17 | 0.482 | 18 | 0.0664 | 4.2
12.2| HEK 0. 34 219 11 0. 05 12.5 | 414412 | 348+75 0.0535 | 3.3 | 0.489 |[4.5| 0.0663 | 3.0
14.1 % 0.17 465 308 0. 68 31.1 | 483414 | 477429 0.0566 | 1.3} 0.608 |3.2| 0.0778 | 2.9
14.2| 3FHE 5.52 657 165 0.26 41.8 | 436+12| 1414200 | 0.0489 |8.5| 0.472 {9.0| 0.07 |3.0

@ 22 N 10;Phe M Pb* 4B AF W BEF BB ERFES:Q HERENRERL 79% ;@ LB ER > Pb LHE.
* 4 BEHINAERAKERE UHEARRKE SHRIMP U-Pb FHER
Table 4 SHRIMP U-Pb data of extremely low U zircon domains from the quartz diorite

. . 206 U h 206 * 206 238

fE | AHE (Vpob>C (X107 (x?o*) Th/U 1« 1P<;D-6> if“—];%l‘){Mg 2381>Tbo/t2z:’161>b % 2°7PTbo/t;lePb %
D1.2 7 6.87 15 1 0. 09 0. 878 412417 14. 81 4.3 0.0733 6.6
D8. 2 7 19. 07 9 1 0.13 0. 586 446423 13. 42 5.1 .0. 0862 8.3
D10. 2 BIK 723 9 1 0.10 0.498 378+21 16. 07 5.5 0.0768 11
D11.3 BIK 1.13 24 2 0.1 0. 931 419419 14. 96 4.0 0. 0585 7.9
Di2.1 BIK 0.93 16 1 0. 07 0. 931 418+17 14. 67 4.2 0. 0694 7.8

%@ R %K 1o;Pbe M Pb* 4R RF L BEH MBI ERESH ;@ HHEREMIREH0. 63%;@ B A*Pb LWEKELEH, HFBR

PP /238 — 207PL /235 -’Eﬁﬁ%—-ﬁ[ i

INABIMERT U-Pb #H A& R AL HE IR, R
AT AL Ph, - BE B4 U-Pb 48— 3, 5k
e IE 38 45 A ik GR LR A

5N BT 45 AR R S 378~ 446 Ma, AL ¥4
% H4144+17 Ma(n=5,MSWD=1. 3) (& 5),iC F
TAHENKENERE R REHHFER.
3.2 BRKEREMT1-4)

BREREFHEA, BRGEHERG). .55 G
A () Y o 3 A R 7R B AR R 6 55 B9 43, FT LA B
BN RS 2. 1,3. 1, AR 1 -1)FEHEF
HORA A4 1, BRI -2, XEAREA KM
RZEM ERAM R GBI A B, D RIRRE T M
BRI (N sy 11 1L, ER I-2) BT
— AR AR B HEA RS AL 1, ERRI-
D, BA B EFIENNEPLEWH, eSS U.Th F&
BEEA X,

H5ARNKAELRU BRERNEFHITFSHER
BB -4 QBB 210, AR I-1), R RK

7K A 32 B T B AR AR R R e BORE9 (B AR
-1) & —A i 70 8 B 45 0 R4 i A A0 LA B 3R
WA B AR B S W B B A, B SR U Th/
U EMEREHBWXF .

RKIEX A H154 SHRIMP U-Pb 43475 T&
59, RERBEWERLERFTER I-IAME AR L-2
B BR— BTSN, AR 14401 45 AR IR R 421~
472 Ma, 4 K Z 5 &E F FH450~472 Ma BIBk/NE
Bl E— Bl R B, B8 SR T —Bulh &
b SR (B 6) , INAF #4451 £ 7 Ma(n=
14,MSWD=1.4),

i 9. 289 Th/U {5 #0.05, B B & F R —
SR B A% A0 E Al 1304 47 (0. 16~1. 06) . B BIEE 1%
3367 +£10 Ma, b [/ — UKL % (446 =13 Ma) B
B3NGB ELE E—RhE LinE FEA R E
6),HI,367+10 Ma 7] BB S Bt T — YK B 3 3t R =&
#.
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Table 5 SHRIMP U-Pb data of zircons from trondh jemite, anorthosite and dacite
ZOGP 232 206 * 206 238 207 206 207 * 207 * 20 *
89 | G |oans|oans| w0 |oaon| weam | snaw | eme £yl [£%) ey
MT1-4BKERE
1.1 0.55 246 125 0.53 15.2 444413 434468 0. 0555 3.0 0. 546 4.3} 0.0713 |3.0
2.1 0.51 436 351 0. 83 27.2 450+13 328474 0. 0530 3.3 0.528 4.4 | 0.0723 [2.9
3.1 0.62 215 170 0. 82 13.0 434413 362171 0. 0538 3.1 0.517 4.31{ 0.0697 [3.0
4.1 0. 62 271 65 0.25 15. 8 421112 300+£90 0. 0523 4.0 0. 487 4.9 0.0675 (3.0
5.1 1. 16 384 188 0.51 25.4 472+13 362179 0.0538 36 0. 564 4.6 | 0.0760 |2.9
6.1 6. 48 1162 948 0. 84 80.4 468+13 3474160 0.0534 7.2 0. 555 7.8 | 0.0753 (2.9
7.1 0.47 243 196 0. 83 15.7 465+13 312467 0. 0526 2.9 0.543 4.2 0.0748 [3.0
8.1 0. 50 172 107 0. 64 10. 4 438+13 368+110 0. 0539 4.8 0.522 5.6 | 0.0702 (3.0
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Abstract

The newly recognized adakites in tfle Tulingkai ophiolite, Inner Mongolia, lithologically including quartz

diorite, trondhjemite, anorthosite and 'dacite, are magmatic markers of.the Early Paleozoic Ondor Sum-

Tulingkai subduction zone. The rocks are precisely dated using SHRIMP. The quartz diorite intruded at 467+

13 Ma, implying that the oceanic subduction started at this time or earlier. Shortly afterwards, at about 451+

18 Ma, the high-grade metamorphism and/or partial melting took place. The dacite erupted at 45948 Ma, the

_t;rondhjemite intruded at 451 + 7 Ma, jand finally, the anorthosite dike was formed at 429 + 7 Ma.

It is

therefore suggested that the time interval of the Early Paleozoic subduction of the Ondor Sum-Tulingkai oceanic

crust is over 38 Ma.

Key words: Inner Mongolia; adakit"e'; ophiolite; SHRIMP ; Early Paleozoic -
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