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Detrital heavy minerals analysis of Early Permian Shoushangou Formation in the
Xi Ujimqgin, Inner Mongolia: Implications for provenance and tectonic setting
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Abstract: The detrital heavy minerals are relatively stable and contain important genetic information. The EPMA
composition analysis of them can provide the provenance and basin tectonic setting. The first member of Shoush-
angou Formation is mainly composed of sandstone and conglomerate, and the second member is mainly composed of
siltstone and mudstone. The assemblages of heavy minerals in the sandstones are mainly composed of zircon, spinel
and garnet, suggesting that the provenance rocks were magmatic and metamorphic rocks. The results of electron
probe microanalysis show that tourmalines were derived mainly from lithium-poor granite and metasedimentary
rocks, spinels were sourced from island arc basalts and mid ocean ridge basalts, and garnets from the source of
high-grade metabasic rocks. Comprehensive provenance analysis shows that they were mainly derived from
Diyanmiao ophiolite, Xilinhot complex and basalts of Benbatu Formation. Combined with regional geological corre-
lation, the sediments of Shoushangou Formation were formed in a backarc basin, suggesting that the Paleo-Asian

Ocean was not closed in the Early Permian.
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MZB, —BONBERE JKEBEBRS &R S
MEbE b E S (18 2a) . TEMR HR G URMWFED
L, 73 LA 2 — B WA B JK 5 (Wang et al. , 2020) ,
HRIEWE H AR G R0 LA 4 — B A 50 i 2 B B
Mt KR s W Ik B TR A (Bl 1b) o e 2H
TBIDUR BB AR D B A e A R D A ok T (
2b) |, JRdR I LA (iS55, 2020) S S0 Ak
I#E A (Wang et al., 2020) . 5 A4 EERIR
AHEABH LIRS LIE WMBCASFHM, TAT
TRIEZ IS, FH R I K G E AR A (N5
HHIE XM 7R, 1996) , AR AH)E T
RERPE KOS LR T R R A (S AR
DXHB A 7 JRy, 1996) o

WFFE I 73 L 2H EACh — BRI JE 5. BY
Rl TrE HAR G (K 1b), HAF g H — B (K
2a), FEH KOS FEZ b S e 4 a,
JRE S H WA HOIR BURL SCHE R o 2 N, Wk JR i Ol Ak
S SRR, MJLJER 2K 9 R 73 48
2, BEBREL, SRR, BORLIE T E 19 HES,
SR ORLIA R 0z o A b B T v VA UREL 1) It A PR
ZrH0UTEL( Mutti and Ricei Lucchi, 1978 Stow et al. ,
1982; Lowe, 1982) , WK EOH 5K E V172 IE
KPR, B ib s eE R B KRB, AT L3tk
A A IE B R BRRAT IR K (R0 OB D |
Vet S B F PP A AR [ 2 B, #ITH T FR DA
Bk, A [m] e 2 B T A 45 3k #2977 ) ( Haughton
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P52 AL 1 AT BRI [ a, 45 Xiao 55 (2003 ) A&k ] KRS DX Hb B 57 1] (b)

Tectonic units of the central Inner Mongolia (a, modified after Xiao et al. , 2003) and simplified geological map of the

study area (b)
I— MR 2—ip st 3—FIARINA ; 4— AR KA, s—HF WA —BL, 6—F WA B, 7—RKA %Y, s—idl; o—E
Fhy 10—Wi2 s 11I—R A 12— K3 13— B ; MELi o0 AR KR I 2 0 78 55 (2013, 2018) 5 A REEE S| A X i
(2009) \Wu % (2011) FREEFESF (2012) | FOBrF% (2013) | Liu % (2016, 2018) FIXIH %% (2017)

1—Xilin Gol complex; 2—ophiolite; 3—Amushan Formation; 4—Benbatu Formation; 5—first member of Shoushangou Formation; 6—second mem-

ber of Shoushangou Formation; 7—Dashizhai Formation; 8—Zhesi Formation; 9—Mesozoic-Cenozoic; 10—fault; 11—intrusive rock; 12—paleocur-

rent direction; 13—section location; the ophiolite areas are based on Li Yingjie et al. (2013, 2018) ; age data of plutons are adopted from Liu Jian-

feng et al. (2009), Wu et al. (2011), Xu Jiajia et al. (2012), Wang Xinyu et al. (2013), Liu et al. (2016, 2018), Liu Min et al. (2017)
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Fig. 2 Measured stratigraphic sections (a, b), cross beddings (c¢) and microphotographs (d, e) of the Shoushangou

Formation in the Xi Ujimqin, Inner Mongolia

Q—A%E; F—KA; Lv—KkIE A E

Q—quartz; F—feldspar; Lv—volcanic lithics

et al. , 2003) . FE T K@ KA GIET 2R ) R (Nemee and Steel, 1984) , Y] # 1 {7
A (Gmm) AN, ki, BRERE, SWIENR,  FYESEAIL (K 1b), AHFIE4 B (K 2b),
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PIRGREHIZTRA b E, RIKGOHZhebs, Ik
FEME KRB,

FHOAT R, 5 1L 4R AR TR IR o 2 IR
M- TR IS, S50 Hr I 5 i R 1 URRR B
FEA B (NS 2013b) , HAR GBI L A5 R
BOIREERAIE (B IR AE, 2013) , BB T B, b
R Jo JOUR, 5 2 P b R SR JE AL, KA
A, HoheE s FE LA A EA S (E 2d)
R T UL S [P 2 A 22 (1] 2e) , A7 SEAUREAER

2 FERCREM I

2.1 HmRE

R 75 LU VA 20 1 DI A1 R PR AR AT TR
K, Hoh B I A —Beib A BY L FBY2 R H G
HAR & BY 1 (44°35'41", 118°30'40") , —Bekimb
AR YT R Y2 SR H PSS AR YT F T (44°38'
167, 117°38'13"), HARM & ULE 1 FE 2, 4 4SFE
e AT T B S AT, SRR [, SOX
FE BY1 A Y1 PIASFE S Bkt th B Ra R A
AR A B WA T T IRE L 317
2.2 HBFHS

HL DN AT v ] S R 2 B b S BF 5
JIT E A S A AR L E SR A, RS
JXA-8230, N L R 20 kV, HUEN 20 nA,
WBEEAEA 5 wm MR FH A FR AR S KSR i A
NTEBEY, HiEA (S FHA (Na) B E
(Al) JRERH"(Fe) &40 (Ti) LD (Mn) B
A (Mg) WK A (Ca) B A (K) %, TR
P25 ZAF AL IE

FF 31 NEJE T (Henry et al., 2011) 2R
Excel 22550 A0 A4 Bl B 47 T AL B, b A
iR CALCMIN excel #2 /% ( Brandelik,, 2009) i
FHAbER, BT 8 ANHE T 12 MR T, XA T
A HEATEE AL B B 5k 6 Ui DL, Fe™ Fl Fe™

B B AR AT T AT A TR
3 EH YIS

3.1 EFWAK

FRIITEH —Behb ) E 2 a5 R
A AT MRS A R, AR S B K A LR R
S5, FF IR 2 B b ) 32 O O A
1, HRsuln SEg mamrak1),
ENTRAIN R VNP e S e = I ER i b R K (=
INREE N BUR AT CZi F8 8L CZi= 100X 4R i
A/ (B a+Rea) 1R, S F 59~81 Z 1, %W
A YIRS % (Morton and Hallsworth,
1994) , I, 77 1198 40— B — Bowb 4 W i IX LA
R AMERCAE RN, —BE B A A YA
AR, BiA RmAaFaR A e L, i
AP W AR, BT YAHRR T Y
PRI A1 B 22 A, A RT BB 54 il HOORLFE |
DURR IR 858 I A VE FH A 9% ( Morton and  Hallsworth,
2007 ; Garzanti et al. , 2009) .
3.2 BEFRHIR
3.2.1 WRA

HL AR i 1 L T PR L A 45 2R Tk 2,
MEUR T LAE H, 75 1L 2H — B (BY D) i,
AFEREONEE (K 3a), TR HATaEk A
RSB . FSA B AR Ik, R
SERUTAR, T B R R BB W 04 1o
e MAAWRE SR B, HFE R (E
3b), WU EE RO R A A, HMRZEH
4 L AT R LA AT (] 3e) o
3.2.2 R

AT RE G L TR U o B 4 2R 81 TR 3,
Hi [l 4a 4b FT UL, 2R A0 S U AR RR, W]
FRorlE s T —E s ks . BT ARE b g
REIR,Cr'>0. 5, Mg" /0. 02~0. 78 Z [i] , 5 1L {4 41

1 AFHASER_EHMFEAAETWAK wy/ %
Table 1 Heavy mineral composition of Shoushangou Formation in the Xi Ujimqin, Inner Mongolia
AT bepal BERA R CERSwal 37370 F-wEgy  ARTA HoAthy CZi
YJ1 23.75 0.50 58.75 - - 5.88 5.88 5.24 71.21
YJ2 31.06 0.75 46. 87 - - 9.55 5.19 6.58 60. 14
BY1 10. 90 0.41 15.72 0.11 3.02 58. 64 + 11.20 59. 05
BY2 9.60 0. 10 39.39 0.05 0.57 41. 60 + 8.69 80. 40

i HUREF YRR, U DR —fURIE TR CZi= 100X A1/ (554 +R A7) (Morton and Hallsworth, 1994)
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R2 AFRHASER-EHF AN ERSAERFRIEER wy/ %
Table 2 Representative chemical composition of the detrital tourmalines from the Shoushangou Formation sandstone

in the Xi Ujimqin, Inner Mongolia

i BYL-1 BY1-2 BY1-3 BY1-4  BYI1-5 BY1-6 BY1-7 BY1-8 BY1-9 BY1-10 BYI-11 BYI1-12 BYI-13

Si0, 36.20 36.32 38.14 34.37 36.78 36.07 36.32 34.10 37.81 35.92 37.17 34.26 34.72
TiO, 1.14 0.78 0.45 0.88 1. 11 0.88 0.77 0.52 0.36 0.91 0.72 1.24 0.78
Al, 0,4 29.41 31.64 26.92 31.90 29.14 30.13 31.74 31.90 31.39 32.49 32.34 32.17 30. 16
Cr, 054 0. 00 0.01 0.00 0. 00 0.02 0.00 0. 00 0.00 0.22 0.03 0. 05 0.07 0. 00

FeO 9.43 8. 64 11.48 10.28 8.51 8.35 10. 83 12. 68 1.26 8.37 6.72 8.27 9.25
MgO 6.04 5.52 4.94 3.22 5.63 5.36 2.65 1.54 8.67 4.38 5.08 4.34 5.25
Ca0 1.08 0.44 0.92 0.54 0.97 0.68 0.42 0.36 0. 64 1.30 0.46 1.24 0.61
MnO 0.09 0. 00 0. 00 0.07 0.00 0.11 0.09 0.11 0.02 0.12 0. 05 0. 04 0.12
Na, O 2.13 2.25 2.02 1.74 1.73 1.80 1.80 1.62 1.84 1.19 1.77 1.34 2.05
K,0 0.02 0.00 0.04 0.07 0. 04 0.02 0.05 0. 05 0. 04 0. 06 0.03 0. 06 0. 04

H,0" 3.60 3.63 3.60 3.50 3.59 3.56 3.59 3.45 3.70 3.62 3.66 3.54 3.49
B,0; " 10. 43 10.53 10. 43 10. 14 10. 40 10. 32 10. 40 10. 01 10.71 10. 49 10. 62 10.25 10. 12
Li,0" 0.38 0.31 1.23 0.35 0.78 0.53 0.69 0.30 0. 86 0.49 0.75 0.44 0.21

Total 99.95 100.08 100.16  97.05 98.71 97.80 99.37 96. 64 97.52 99.38 99.43 97.24 96.79

Si 6.03 5.99 6.36 5.89 6.15 6.07 6.07 5.92 6.14 5.95 6.09 5.81 5.96
Ti 0.14 0.10 0.06 0.11 0.14 0.11 0.10 0.07 0.04 0.11 0.09 0.16 0.10
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.01 0.01 0.00
Al 5.77 6.15 5.29 6.44 5.74 5.98 6.25 6.53 6.00 6.34 6.24 6.43 6.10
Fe? 1.31 1.19 1.60 1.47 1.19 1.18 1.51 1.84 0.17 1.16 0.92 1.17 1.33
Mg 1.50 1.36 1.23 0.82 1. 40 1.34 0. 66 0. 40 2.10 1.08 1.24 1.10 1.34
Mn 0.01 0.00 0. 00 0.01 0. 00 0.01 0.01 0.02 0. 00 0.02 0.01 0.01 0.02
Li* 0.26 0.21 0.82 0.24 0.53 0.36 0.47 0.21 0.56 0.33 0.49 0.30 0.14
Ca 0.19 0.08 0.16 0.10 0.17 0.12 0.08 0.07 0.11 0.23 0.08 0.23 0.11
Na 0.69 0.72 0.65 0.58 0.56 0.59 0.58 0.55 0.58 0.38 0.56 0.44 0.68
K 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
r 0.11 0.20 0.18 0.31 0.25 0.29 0.33 0.38 0.30 0.37 0.35 0.32 0.20

HE: Hy,0" \B,0; " Hl Liy O 3R i THRE 0I5 B Ha A H & i, 2 2R ol o AR v A o R SR AT Li ™ R T B2 R R B i, 0
HRITEMS, v B THFRHE TEMRE T, BSA XY,Z6(T0g) (BO3 ), VoW U X { FHES TA345 Na* | Ca FIFHES T2347 1,

B {535 IR W]

e o

M (8 gewe °
o Bo

1.0 0.5 1.0 0 0.5 1.0
Na+K Mg/(Mg+Fe)

B3 ST SRR LA —BRb A TS S A BSE R (a) \ERICE =0/ 25(b) A2 (c) Bl
(JEE Y Henry e al. , 2011)

Fig. 3 Backscattered electron (BSE) images (a) and major element composition in the ternary diagram (b) and binary diagram

(¢) of Shoushangou detrital tourmalines from the Xi Ujimqin area (based map from Henry et al. , 2011)
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Fig. 4 Backscattered electron images (a, b) and genetic type of detrial spinel from the Shoushangou Formation sandstones

(c, after Lenaz et al. , 2000)

3.2.3 AWFAH

AR T R S R P ERAET A AT 45 SR8 T
4, WHEG SR, FILEH ZBRE (YI) A
TFHZEHE, BREMAWK, B85H8—, THZMH
WP LR (B Sa) . MR4E AT A 0 FERE o bt
50, HEER 8 3 2K 2R AT A B
A (Alm) HEBA B & B A (Prp) FIES 5
A (Grs) i, DECOR T A BA KNSR Aa
PSRRI S i, A AR R R A A A0 AR A B o
= (K 5b 5¢)

4 PpRIX S e X

T A R B T 2K G o3 A T LA AR s AR 1Y
HEZ5 75117 ( Potter and Pettijohn, 1977; Miall, 2000) ,
KAEJG 73 VA 4 — Beh e K B B S5 2 B (18 2¢)
FRRH IR F 2ok A TR (E 1b) .

4.1 BEXERER

RS A (HBESARI)IEALKS, LLEk
RRHIE LA TR T A G S A Y e 0 B B
B A A EE R H TAVEUE (Henry and Guidotti
1985) , FERLRLREIE A S i B b, A8 iR FI 45

TARHE AR LB T, T2 B A A, HRYE Al-Fe-Mg
Elff sl oy, 7] — Bl S Wi DL BB AR R A
FAEAA A A A (B X)) |2 B A S 5T
WA (D A E IX3) R 3 (Kl 6a) , Ca-Fe-Mg [E]fif N
FeU TR A TR R 5 2R A G d s A
(KB 2) AR B A8 BT 5 FI L S A e
(IXHk4) (El 6b),

FRIER A Tio, (Cr A AL A EOC R, )41
HRRLE A Tio, F Cr/ ( Cr+Al) #34E (18 7a) |
FFUE A — B B A T 5 R X s R v
BRRA X, 207 s /AR 5 AR 2
SR, ANFIRBE AR A R E B B, R Ak
) TiO, Fl AL O, 7 it 505 Lo HA TR AF I AH G
(Kamenetsky et al. , 2001) ., 7ELL TiO, Al AL,O, &
SO ARER A R, 75 LA 2 — B B
AFEENFEHIMXRE, PEMFHRPEHELRAX
(& 7b) . Fe*— Cr— Al RN R, KEBIMI
AT BINZ R B R i I 2 A DL &
Kl i X A & A X Te)

T AR A RYIE X D E f# (K 8), il
I ZBRES YI1 E2OR A TRt s, sy
SRR AR AN TN A AR TURUE A iR L



1163

EN& b

Fit

=g e AUy

JB BT S0 B X P 55 P

i

i

RIS

H6

01°0 990 9L7ST €6°0 ¥T€h TE6C 0 0 P6L'0 8L8°0 8TO'0 €10°0 90€'T L86'T TOO'0 TOO'0 ¥66°C €0°66 000 ¥0°0 T9'6 S9°L €40 8F°0T L8'IT €0°0 ¥0'0 L8'8E  O€-IfA
120 #I°'v OI'€C €0°T 9%°0r 90°I€ 0 0 8180 926°0 1€0°0 800 €ST°T LO6°T +#00°0 100°0 S66°C €6°66 10°0 OO0 000 €18 80 06°0C IT°1C LO'0O TO0 1T°66 6CI[K
IO 0000 L8'€ 090 TOT9 8L°EE O 0 OTI'0 800°T 8I0°0 000°0 6€8°T 686°T €00°0 +¥00°0 OI0°E€ 9L°66 00°0 TO'0 ¥b'T 9L°8 LT'0 9€'8T €8°1T ¥0°0 90°0 L6'8E  8T-I[X
W0 L0 LTT 6970 LS'8S 868 0 0 €S0°0 S9I'T 1Z0°0 600°0 OLL'T 000°T 000°0 000°0 686°C TS'66 100 000 #9°0 ¥I'Ol TEO 09°LT 10°TC 100 00°0 6L°8E  LT-I[A
TI0 650 TI'ST 96°0 9v'ek 9L°6T O 0 OLL'0 L88°0 6T0'0 TIO'O +TE'T 866°T TOO'0 S00°0 I86°C ¥S°66 000 TO'0 LE'G 9L°L #F'0 #8°0C OI'TC ¥0°0 60°0 88°8€  9T-I[A
PI'O  S6°0 8L'ST Y01 8€Er TL'8T 0 0 86L°0 ¥S8°0 I€0°0 610°0 EIE'T T96°T €00°0 800°0 LOO'E 86°86 100 TO'0 L9°6 €F'L LF'O $9°0T 9S°IT SO°0 €1°0 00°6E ST-IfA
ST0 S9°€ €0vT LOTT 990 YEOE O O ST80 L68°0 TEO'O TLO'O 19T'T 6681 S00°0 ¥00°0 I10°€ T6'66 00°0 1070 80°0I 88°L 6v°0 L30T €0°'1C 800 LOO TH6€ YT Ik
0T0 It 98%C SO'T 90°0F TL'6T O 0 $98°0 T88'0 I€0°0 I80°0 +HT'I 668°1 +00°0 S00°0 100°€ 88°66 100 €0°0 950l €L°L 8F'0 TLOT 66°0T LO'O 80°0 €T'6E €TIIA
P00 €9°0 6£°ST 1670 T6'TH I1°0€ 0 0 €LL°0 €68°0 LTO'O TIO'0 00E'I +96°1 100°0 000°0 IZ0°E€ ¥0°66 000 +0°0 8€°6 6L°L 140 TH'OT L9°IT 100 10°0 0€°6E TTIfA
L0000 LL¥ TT'TT 80°1 19°0F 9T'IE 0O 0 €08°0 8T6°0 TEO'O ¥60°0 6LT'T LI6'T 10070 900°0 696°T 0S°66 00°0 €0°0 SL'6 OI'8 670 YE'IT 90°IT TO'O 0I°0 09°8€ IT-I[X
€1°0 IT¥H LP'€C ¥8°0 90°6€ 0£TE O 0 LT8O 196°0 $TO'0 €80°0 STT'I LT6'T €00°0 100°0 SL6°T 8L°66 00°0 TO'0 II°0I $r'8 6£°0 8°0T ¥E€'IT ¥0°0 TO'0 S6°8€  0T-I[X
000 TI'L 9S8 88°0 98709 SS'8 0O 0 988°0 SST'O 920°0 TTO'O SES'I L96'T 000°0 900°0 100°€ 18766 00°0 SO0 OFOI SI'T 6£°0 S6°LT 86°0T 10°0 I1°0 8L°LE  6I-I[A
ST0 00T 9L9T 86°0 6I'€y I18°LC 0O 0 8€8°0 TE0 620°0 0TO'0 60€'T 6,61 S00°0 TOO'0 T66°T TS'66 000 €0°0 810l LT'L Sy'0 690 ¥8'1T 80°0 €00 S$6°8€  SI-I[X
SI'0 ¥C¥ TETC 901 TEOF II'IE O 0 F08°0 0£6°0 TEO'O ¥80°0 L9T'T FI6'T €00°0 000°0 $86°T LE'66 00°0 00°0 LL'6 I1'8 6v°0 €0°IT SO'IT SO0 00°0 88°8€  LI-I[A
WO EL0 PPPT 11T TIPE 6€°6C 0 0 6SL°0 6L8°0 €€0°0 SI0°0 TEE'L 9L6°T F00°0 €00°0 000°€ LI66 000 TOO IT6 99°L IS0 16°0T LLTIT LO'O 90°0 L6'8E  9I-IfA
L0000 ¥I°O IS'T 8€°0 I¥'6F 0SLy O 0 180°0 0TI [10°0 €00°0 06F'1 €00°CT 100°0 $00°0 066°C Ly'66 00°0 00°0 00°T 09Tl 8I°0 19°€C ¥#'CC 200 0OI°0 €5°6€ SI-I[A
010 O0I'v €I71T ¥0°'1 TEOF TEEE 0 0 ISL°0 886°0 I€0°0 I80°0 TST'I TO6°L TOO'0 000°0 SO0°E LS'66 000 00°0 8I°6 89°8 80 $8°0C ¥O'IT €0°0 00°0 CTE'6E PI-I[A
61°0 T6'0 €0°ST TOT 00°€y ¥86C O 0 €8L°0 ¥68°0 1€0°0 81070 66T 9L6°1 H00°0 TOO'0 L66°T 066 10°0 €0°0 6F°6 6L°L LF'O 9¥°0T 9L7IT 90°0 P00 €6'8€  €I-1[A
81°0 85°0 S99 960 09Ty ¥O'6C O 0 8IS0 998°0 620°0 I10°0 L8T'I SL6'T $00'0 000°0 800°€ €6°86 100 €0°0 166 SS°L ¥#'0 SI°0T ¥LIT 90°0 00°0 SO'6E  TI-IfA
PI°O0  6S°€ 9TET 6670 €TIF 6L°0€ O 0 F08°0 LIG'0 0£0°0 TL0°0 TLT'T LIG'T €00°0 €00°0 L66°CT L6°66 000 SO°0 T8'6 90°8 9F°0 10°1T ¥T'IT S0°0 SO°0 ¥T'6€  TI-1(A
v0°0  ¥Sy LIPT 00T SI'6E OI'IE 0 0 TS8'0 1T6°0 0€0°0 060°0 €KT'T +E6'T T00°0 T00°0 TY6°CT +¥E'66 TO'0 €0°0 €€°0I €0°8 9¥'0 [L°0T ¥T'IT 10°0 TO'O 6F'8€  OI-I[A
120 LSO #P'ST 00T ¥8°Th ¥6°6C 0O 0 98L°0 L68°0 0€0°0 T10°0 T6T'T €86°T #00°C TOO'0 666°T 90°66 00°0 00°0 ¥S°6 €8°L 9F'0 ST'OT L8'I1T LO'O €0°0 10°6€  6°I[A
120 TE0 80°ST 00T 00FF 6£6C 0 0 99L°0 68°0 0£0°0 900°0 ¥TE'T $86°T #00°0 #00°0 000°E€ 9¥'66 000 $0°0 TE'6 69°L 9F'0 ¥L°OT S6°1T LO'O LO'O T1°6€  8-IfA
€€°0 L9°0 TT€C LO'T ST'EY 8yIE O O €TL0 OF6°0 TEO'O €10°0 90€'T TL6'T 900°0 TOO'O SO0°€ Or'66 10°0 000 I8'8 T8 6F°0 19°0T ¥8'IT I1°0 ¥0°0 ST'6€  L-I[X
120 1€€ L67TC vI'T 89°0F 69°1€ 0 0 98L°0 OF6'0 ¥E0°0 $90°0 €ST'I ¥I6'T $00°0 000°0 800°€ L9°66 000 TO'0 09°6 9T'8 TS0 ¥9°0T 61°1T LO'O 00°0 8E€'6€  9-IfA
91°0 ¥9°€ TCET €01 €0°IF T6O0E O 0 96L°0 0I6°0 0€0°0 TLO'O SLT'I #68°1 €00°0 #00°0 8I0°€ ¥8°66 000 €0°0 TL'6 66°L LF'O 90°1T 96°0T S0°0 90°0 6F'6€  S-IfA
000 €€°C IF¥C TOT SP6E 6L°6T 0 0 8L8°0 088°0 0€0°0 SOI'0 99T'I 9T6'I 000°0 €00°0 €S6°T 08°66 100 #0°0 99°0I 89°L 9¥'0 TEIT 9I°IT 000 SO0 TH'8E  t-IfA
PO TSE ILTET 10T LL°OF SSTOE 0 0 LT8O €16°0 0€0°0 0L0°0 9ST'I 8I6'T 600°0 100°0 €66°CT 66°66 000 10°0 [1°0I TO'8 LP'O LLOT 9T'IT SI°0 10°0 IT°6€  €1fA
81°0 TI'T 69°ST 960 L8°Th 61'8T O 0 9¢8°0 TH'O 6C0°0 THO'O TIE'T 656°1 $00°0 TOO'0 L86°T I1S°66 00°0 10°0 SI'OI SEL ##°0 SO'IT 81T 90°0 $0°0 $8'8  T-IfA
LI'0 T0% SI'Tc S6°0 T6'OF 08'1€E O 0 S8L°0 $¥6°0 8TO'0 080°0 ¥LT'I ST6'T €00°0 TOO'0 086°C L6°66 10°0 10°0 656 TES ##°0 6171T I€71C 90°0 €0°0 10°6€  I-IfA
A puy s sdgwgy dig oy ey B S w4 P v D W s el ofy ofen OFD OFIN OUN 0% fofy ot foun fors AN
erjosuoy Jouuy ‘utbwil 1 9yj uI JuojsSpues uoneuLIo,] NOFUBYSNOYS Y} WIOIJ SJPUIES [BILIIP Y} Jo uonisoduwiod [edIUIYD IANBIUISAIAIY  d[qe],
%/ FHBFRULIHIIRIZIOBHTERE_SHTHIEY v



1164

&l 5
Fig. 5

5 40 %

¥a
I I ! I I
0.4 0.6 0 2 0.4 0.6

PO ST IR 2 Beb A i B A A8 1A 15 B B (a) RS> = A 1E (b e, i Mange I Morton, 2007)
Backscattered electron images (a) and chemical composition in ternary diagrams (b and ¢, according to Mange

and Morton, 2007) of detrital garnets in Shoushangou Formation from the Xi Ujimgin area
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Al Fe, AL Mg,

e b
|

Bl 6 PSP I L3 DA B HL A 1503l 43 PR it (ECIET B Henry A1 Guidotti, 1985)
Fig. 6 Composition of detrital tourmaline from the Xi Ujimgin (after Henry and Guidotti, 1985)
A—FET BB AR AR AN A B—AUHAE R A 28 B CHOCHR AR i B R A s C— BT R R A A (IVEAE R &) 5 D—FRA SRR AIAR

EAFH AR AR VR BTRD 2 5 E— AP AR SR AR FIAR 1728 ST s R B o

R AN B BURUBUE 3 H— ML 2 R A 64

s F—R BB O A3 AR RR A T R A GRS

I—E LR A AR 2—FU BRI AR A i A

3—E PSR A R S BRRERR 5 4— PR R BCS E SRR S M RO AR SR RIRER S o— il

A—TLi-rich granitoid, pegmatites and aplites; B—Li-poor granitoids and their associated pegmatites and aplites; C—Fe-rich tourmaline rocks ( hydro-

thermally altered granites) ; D—metaslates and metapsammites coexisting with an Al-saturating phase; E—metaslates and metapsammites not coexis-

ting with an Al-saturating phase; F—Fe-rich quartz-tourmaline rocks, calc-silicate rocks, and metaslates; G—Low-Ca metaultrabasic rocks and Cr,

V-rich metasediments; H—metacarbonates and metapyroxenites; 1—Li-rich granitoid, pegmatites and aplites; 2—Li-poor granitoids and associated

pegmatites and aplites; 3—Ca-rich metaslates, metapsammites, and calc-silicate rocks; 4—Ca-poor metaslates, metapsammites, and quartz-tourmaline

rocks ; S—metacarbonates; 6—metaultrabasic rocks

4.2 BEE

TSk SR BRI B A B 2 | T 2 A5 AT S A 330 ~
295 Ma( X g% 2009; XI55, 2016; XIHHAE,
2017; Liu et al. , 2018) , FidEZ AL M A RIRA
AEHA Ky 320 ~ 287 Ma( Wu et al. , 2011; F g%,
2013) , it 2 Ji g v RHR AR B AR IR R 328. 6+
2.1 Ma F1327.122.1 Ma (Li et al. , 2018), iX¥64E

(K2R AT RE N A5 LA 2 — B Wy IR DX [m] i By A
A BRI DR AR B AR ER S 24k o v A 1 A2 T
B AT REE B A IR TR

M TR0 A1 £ 2Ok A T3l A K
HERBAAR-KBAR, S 2 Difkis, R
RS DA DX Il A7 R0 A, R DX A 2 Ji g
2 e LA AT LR AN R R T it g At
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Fig. 7 Discrimination diagrams of tectonic setting for detrital spinels from the Shoushangou Formation in the Xi Ujimgin area
a—Ti0, — Cr/( Cr+Al) [FIfif ( Arai, 1992) ; b—Ti0, — Al, O, [ ( Kamenetsky et al. , 2001) ; c—Fe**— Cr — Al [/ ( Barnes and Roeder,
2001) ; XLOHEZ gL ) BART] A Song %(2015)
a—Ti0, — Cr/( Cr+Al) diagram (Arai, 1992) ; b—TiO, — Al, 05 diagram (after Kamenetsky et al. , 2001) ; c—Fe¥— Cr— Al diagram
(Barnes and Roeder, 2001) ; data of Diyanmiao ophiolite (XL) was adopted from Song et al. , 2015

N

Bi
/! * Bii D \
> Xea
&l 8 PO LA A0 1 8 A 1R A Wil A 00
[ fi# ( Mange and Morton, 2007)

Fig. 8 The provenance discriminant diagram of detrital garnets

in sandstone from the Shoushangou Formation in the Xi Ujimqin
area( Mange and Morton, 2007)
A—E FURRRLEAR LIRS ST AE R A R IR T b 72 SR AT Yy o
Rt g s Bi—H etk ks Bi—MNA AR TURE,; Ci—
RN Ci— RS D—R S R T (R GUE B
o R U e TR R BB
A—high-grade granulite-facies metasediments, charnokites and inter-
mediate-to-acidic volcanic rocks sourced from deep crust; Bi—interme-
diate-acidic volcanic rocks; Bii—amphibolites-facies metasediments;
Ci—high-grade metabasic rocks; Cii—ultrabasic rocks; D—meta-
somatic rocks, low-grade metabasic rocks, and ultra-high temperature

cale-silicate granulites

MM 2 s B AR S (R
45 2013), HHA MORB H#F, M55 1LVA24H W5
A (B Th) o PO A I R4 i 20 (X
%, 2009; ZEHAY, 2013) R FAH K ML, 5
Gh, BIkERE AR A R R F RHE N A (RS AR
TR I LT S AL (Li et al. , 2014 FREfH
ANAE, 2016) , X EE LR 30 A AR n] BE & 77 1L YA 4]
FIIRIX

AR TFATERYIE FE Rk A TR AR L,
DEONARTIRUA  ARIEWFE X m A )2, AREE
FIBTA IS A RS T, MM R e s h—&
TR I JZ2ARBHE A TN LA e R A o 5
A AR, AR AR IR B A N A, RS S
kA (R ) R EE (BB S, 2011;
IMRIZAE, 2012; JH 224, 2013), B, AT
A FEZR A TEMRIB A

FFIA M S A R A FLA A PR X
EAEAIRI], BESE DX R EB A A X A 2 BT Ll 4
DUBUA AT B KA FTTRRS e st s fl
BRI A A N PIR X, AR L E
H S K A B BT R B 28 IR 5R (Zha et al.
2017) , RMARMAFRAEYIR , BRI A PR X
ANELFERIAR NG, I, a4 YIE K A B0
TERA 728 A LRI AL B MR il 4 R 2 T g 2
2 WRIEF A ET WA AR SR,
FUNH — B 2 B, MR X A A AR 7 il
JHME SR AN T P22 ) bR 8 2 o 1 i e
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4.3 HWEEX

T B Y G X R s PR B — EARAE
L ARPE IR I RS A 4G A W H 8 T 245 358
B (1R %4, 2014; Zhao et al., 2017; 3K # A 45,
2018), WLk 5 Hi R A 2 R AE 45 7R oy 2445 B 5%
(Zhu et al. , 2017) , {65 &S5 HLBRAL FRFAEHE 7R H
Sk SEYH R T G AR o ) B A G (BB F4%, 2013,
XL, 20165 XIHI%, 2017; E455%, 2018), V4
Ak Ji R HE 3 46 5 25 48 7R FE K Ji5 il 43 1 i 20
55 (Wang et al. , 2018) , M55 1178 0D 5 1 I8 55
A1 U-Pb A B2 U8 43 Bt 4 DU A 9 4 3 ( Wang
et al. , 2020) ,

FRAG LR PR X 2B 5 B R A3 Ar, 77 13
LR DX Sk S 8 4 4K 54 (AR 330~ 282 Ma)
JERLT By (XSS 2009 F 5B 7745, 2013, X
A, 2017) 3 2 i Ak A S EALEE 1 A BB
ek n kg s, FEmMis X 4
B MPCHFAB (RS, 2013) , Iegtsthik
R Z A F A U-Pb 4F#5 8 333.4£8.5 Ma, 4
PR A MZRA B G U-Pb 4RI A 34642 Ma
F1304+4 Ma(Song et al. , 2015) o 1 105 Pk hp ok
FHER A X R A MR AL SRR AR S 7S Ik A
LA MR OB R B O AR AR, AR TR,
5B ET R % 2 CA A — B ARG, 2013,
2018; Li et al. , 2018) , P4 A 4L k1A
LR RCE R SCE A, B R 3362
Ma( ZERi7%, 2013) B 318+3 Ma( XIEEIE, 2009) , &
T AR, 556, SRz s EEREK
FANE (JA AR T K LA ) AR08 334 ~319 Ma,
R T SRR ES (Li et al. , 2014, 2017; BE{ERHZE,
2016) .

JNFF L 98 20— B 2 B A W R X A R 4%
Br, TRIXCAEATE T SRR B sy s, TR
A4S 330~282 Ma, P50 AR F 75 LU VA 4H T A
WAERE H 320 1+0. 82 Ma, bR EUA N
280. 15+0.76 Ma( Wang et al. , 2020) , ZIL{HAHTIT
B S5 IR X R E S, Rt
DU BT S M S 2 . 77 1L 98 2 DU AR A Ok R
TR S SR A4 1 BT, () B AR B F 5% X i
r E h gk B ARER A DL R 4B i) e i I s T

ERR (A 1), WAL ATTBEIE R TIUR 4
HLCH 9) Oy S F0 3 8 90— B2 o 0 T 4R
E

I

il 2 T 2t

o Eapatichiilc

PO VYL A LU VA 4 5 2 s B IR
Fig. 9 Sketch modeling of Shoushangou Formation depositional

tectonic setting in Xi Ujimqin area

XECTORN R, VYR AL SEPG L 1 77 1A
HEFIT 50 m Z A (LGS, 2020), B HRG
VIR 50 km #9755 H7 b X 75 1L 40— Bt &k B 6K
H, FFUNEH ZBOR B I SCE LB & (Wang
et al. , 2020) , AT WA LIVHAL R A A A AR T R U
JEEZ A, KT — o LB B R R S
S s iy 7R TR i@ 1Y R S U A= R s o A
SE 77 1L IE 20 U0 B B B O 2 T B B (BIR AR
2013) . ARAEIE TR T I A A 2R R DTR 1E
PLRACAT A &, i E 75 LLIE 20 1) 1 IS B DA BR B
IR S J2 J5E B A8 L SR 77 LV 20 /Y T AR PR 45
X153 R B P e RS A (2 B S 2013b) .
PRI, 77 LA 2H 8 2 A A RN AR R ol 3 46
fES H A 2534, P9 RV Lau 905 7330 55 26
(Masuda, 1994; Rothwell et al. , 1994; Sierra-Rojas
et al. , 2016)

WEIPER A G IR HE T A, — R RA K
TEM e A G, Z )5 K RN A S5 TR (1R
#4%, 2014; Zhao et al. , 2017; K% AS5E, 2018) ;
T3 AR PR — e L =5
ﬁﬂﬁ#‘éﬁﬁﬁ(Lu et al. , 2020; Wang et al. , 2020;
Xiao et al. , 2020) , Z7 18 L EH W) o0 i PRIz,
I FEOR A B IS FORRT RS A K s, A
T EEORA RIS, MR O e, R
XA O oA p i —R =& i i H A 1L
AL TG L, X i — 2 B B e
A —F B R ORI S, X RS Y 3
et AR IR
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