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Abstract: Baoligaomiao Formation is outcropped in Bayan Aobao Town of East Ujimqin Banner, Inner Mongolia. It can be divided
into three segments corresponding to the second, the third and the fourth section of Chaganaobao. The second segment comprises a

set of variegated intermediate—acidic volcanic lava and volcanic clasts. Volcanic eruption is mainly as extrusive facies. The third
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segment includes a set of Annularia fossil— bearing grayish yellow, grayish white volcanic sedimentary clasts and terrigenous
sediments, being an intermittent volcanic deposit; the fourth segment has a set of gray, light— gray acidic lavas containing rare
volcanic—clastic sedimentary rock. Volcanic eruption is mainly as extrusive facies. The fourth segment includes purplish red crystal
rhyolite, and the second segment is grayish black rhyolite with granite age being (305+4.1) Ma and (315.2+4.6) Ma. Isotope age and
the fossils suggest that the stratigraphic age is late Carboniferous to early Early Permian. Baoligaomiao Formation has intermediate—
acidic volcanic rock, with separate andesitic, dacite, high—K calc—alkaline to Shoshonis series volcanic association. Major elements
are characterized by enrichment of SiO, and alkali and depletion of calcium and magnesium. Indexes of A/NK and FeO'/MgO are
high, characterized by enrichment of Rb, Nb and depletion of transition group elements, with dramatic Eu negative anomaly,
suggesting A2 type sub—granite. It was probably the magma from the mantle and partly from conglomerate substance of the lower
crust in late Paleozoic. Magmatic evolution experienced dissociation to produce titanium iron minerals, ferromagnesian minerals,
and plagioclase. The intermediate— acidic volcanic rock in Baoligaomiao Formation was formed in a post—collisional setting. Its

characteristics reveal that Xing'an—Mongolian orogenic belt of East Ujimqin Banner was in the syn—collision to post—collision stage

during late Carboniferous to early Permian period. In Early Permian, the evolution entered a stage of stretching after collision.
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a, b—Sedimentary rocks and Plants fossil (3rd segment); c—Purplish red crystal rhyolite (2nd segment); d—grayish black rhyolite (4th segment);
Q—quartz, PI-Plagioclase, Bi—Biotite, Chl—Chlorite
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Table 1 Major elements(/%) and trace elements (/10 ) compositions for the volcanic rocks in the Baoligaomiao Formation
in East Ujimqin Banner, Inner Mongolia

PMO12- PMO12 PMO12 PMO012 PMOI12- BO0S-H, PMO008-5- BOOI-H, B002-H, BO10-H, BOI2H, PMO008-1 BOL1-H,
A T o —— Y E R 73 U T Y "
REtE g KEIE KUIE KRG KOR Wsewsom moumss mawms Rusois mamm Sos  HE KOX
2 BB WA SR pamcn mocs  woke  swmocn  swks O .
SiO, 69.97 65.43 74.19 74.53 73.56 70.36 71.25 71.01 71.15 69.89 70.57 72.97 59.36
TiO, 0.47 0.39 0.09 0.09 0.09 0.45 0.03 0.38 0.40 0.54 0.43 0.32 0.91
AlLLO; 14.53 12.40 13.95 14.13 14.01 14.11 13.13 13.64 13.82 14.57 14.42 13.70 16.73
Fe,0; 3.19 4.20 1.38 1.10 1.38 2.80 1.44 251 2.79 3.58 2.55 2.36 6.36
FeO 1.45 0.60 0.55 0.80 0.75 1.25 0.75 0.60 0.75 2.05 1.55 0.95 3.15
MnO 0.07 0.08 0.13 0.02 0.07 0.08 0.05 0.07 0.05 0.07 0.17 0.03 0.091
MgO 0.54 0.92 0.19 0.18 0.14 0.59 0.16 0.25 0.32 0.62 0.55 0.24 2.6
CaO 0.90 6.43 0.46 0.18 0.70 0.67 0.21 0.48 1.11 0.67 1.47 0.27 4.61
Na,0O 3.92 5.03 3.99 3.93 3:97 4.34 2.78 4.44 4.26 3.22 3.53 2.87 3.95
K0 4.75 2.06 4.42 4.08 4.44 4.73 3.05 5.83 5.02 5:15 5.13 3:55 255
P,0s 0.10 0.04 0.10 0.08 0.10 0.09 0.07 0.10 0.06 0.12 0.08 0.06 0.27
LOS 1.44 2.83 1.05 1.64 1.40 1.65 1.76 1.21 091 1.50 1.01 1.59 2.51
R 101.33 10041 10050 10077 10061 101.12 100.67 100.58 100.65 101.98 101.46 100.91 103.04
Q 26.03 18.58 32.87 35.63 31.93 24.60 48.78 22.00 24.50 28.50 25.90 34.03 11.8
An 3.98 531 1.77 0.46 295 2.98 0.91 0.07 35T 2.82 6.97 1.21 20.45
Ab 33.21 43.70 33.96 33.55 33.87 36.93 23.78 37.83 36.16 27.12 29.74 24.46 33.29
Or 28.11 12.50 26.27 2432 26.45 28.11 18.22 34.69 29.76 30.30 30.18 33.03 14.71
(& 1.48 0.00 1.97 3.11 1.61 0.77 4.98 0.00 0.00 2.65 0.49 2.55
Di 0.00 8.59 0.00 0.00 0.00 0.00 0.00 1.55 1.28 0.00 0.00 0.00 0.77
Hy 2.35 0.00 1.19 1.01 1.04 2.20 1.42 0.17 0.69 2.88 2.40 1.25 10.39
Wo 0.00 7.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.89 0.76 0.18 0.17 0.18 0.86 0.05 0.73 0.76 1.02 0.81 0.61 1.72
Mt 3.68 3.44 1.57 1.55 1.74 3.29 1.65 2.69 2.88 441 3.27 2.67 6.2
Ap 0.22 0.10 0.23 0.19 0.22 0.22 0.15 0.23 0.14 0.28 0.18 0.14 0.62
Zr 0.02 0.02 0.03 0.03 0.02 0.09 0.11 0.12 0.10 0.09 0.10 0.11 0.08
Cm 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01
DI 87.35 74.78 93.10  93.50 92.25 89.64 90.78 94.52 90.42 85.92 85.82 91.52 59.8
A/CNK 1.10 0.56 1.15 1.26 1.11 1.05 1.59 0.94 0.96 1.21 1.03 1.22 0.95
SI 3.92 729 1.81 1.78 131 432 1.96 1.84 2.45 4.26 4.14 2.01 14.17
AR 3.57 221 3.80 3.54 3.67 4.18 2:55 6.34 4.28 3.44 3.40 4.03 1.87
G 2.78 2.19 2.26 2.03 231 3.00 0.99 3475 3.05 2.61 2.73 2.36 2.56
Sc 4.77 2.34 3.74 3.77 1.44 7.04 8.82 5.36 4.36 7.25 3.12 6.43 14.7
\'% 8.03 8.84 13.40 10.50 9.36 32.10 27.50 20.70 31.00 45.40 33.60 20.90 140
Cr 20.00 13.60 18.50 14.20 20.50 23.70 20.80 26.50 25.60 31.00 23.20 16.30 45.4
Co 1.02 1.81 1.36 1.22 0.90 297 2.79 4.08 291 3.68 2.49 2.19 18.7
Ni 3.33 6.69 6.55 4.40 5.36 5.86 5.95 7.41 7.65 5.65 4.48 6.29 46.7
Cu 4.09 5.86 8.32 5.28 6.28 9.59 8.86 12.70 7.84 10.50 11.20 9.04 26.9
Zn 12.50 39.70  46.80 31.70 31.20 49.60 66.60 53.50 45.40 60.90 216.00 51.30 69.1
Ga 14.00 12.70 17.70 15.90 11.50 15.60 16.90 16.90 15.60 16.10 17.00 15.60 17.6
Rb 121.00 118.00 170.00 169.00 139.00 136.00 120.00 182.00 146.00 167.00 123.00 189.00 56.8
Sr 353.00 78.10 99.30  100.00 49.20 153.00 229.00 115.00 160.00 230.00 160.00 131.00 T15
Y 13.70 47.30 31.90 34.20 13.60 42.70 45.50 33.40 38.80 44.50 27.50 43.50 22.6
Nb 11.80 10.50 13.20 13.60 12.90 14.10 14.50 30.70 20.50 15.10 14.00 17.30 8.52
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a3k
PMO012- PMO0O12 PMO012 PMO0O12 PMO012- PMO008-5- PM008-1
oy /stu]?" A1-H, -8-H,  8H,  9-H, i f:’;f;‘;t . Al.&l:z—yl %‘j?zlf;l »;?Z;;F ?‘llj(?;z:fl;l Bo-H, -y BOILH,
Bth gy RHE ROE . RE RER 1)&; O TR AR wjti s & KRR RA%
@ WECH R MECE BOR g morn gk sk Spn Do WECE W

Mo 1.12 0.86 0.99 1.03 1.16 0.86 1.15 1.77 1.74 1.05 1.74 091 0.626
Ba 124.00 674.00 41500 349.00 31000 998.00 1036.00 1030.00 826.00 1071.00 866.00 1141.00 705
La 541 6.69 11.70 12.10 6.86 31.60 29.00 26.90 33.40 32.60 28.80 34.30 26.9
Ce 12.40 14.90 26.00 27.40 14.80 68.50 64.90 62.10 66.50 70.60 71.70 73.30 51.3
Pr 1.76 2.15 3.44 3.64 1.86 7.95 7.43 7.25 8.24 8.35 6.71 8.78 6.11
Nd 7.26 9.17 13.50 13.60 8.22 31.30 30.70 28.30 32.40 32.80 25.70 34.20 23.4
Sm 231 4.15 3.05 3.35 1.74 6.15 5.62 5.64 6.23 5.99 4.14 6.22 4.36
Eu 0.43 1.21 0.66 0.78 0.39 1.38 1.67 1.07 1.25 1.54 1.06 1.41 1.28
Gd 2.17 6.26 2.79 3.85 1.46 5.66 5.79 4.59 4.77 5.77 4.40 5.62 4.07
Tb 0.46 1.48 0.72 0.79 0.36 1.25 1.23 0.95 1.07 1.34 0.84 1.11 0.791
Dy 2.67 8.79 5.00 5.36 2.58 6.73 7.28 5.26 6.26 7.25 4.60 7.24 4.12
Ho 0.54 1.54 1.03 1.07 0.43 1.44 1.57 1.26 1.43 1.53 0.86 1.59 0.77
Er 1.33 4.70 3.19 3.55 1.44 4.63 493 3.99 4.26 4.54 2.92 4.78 2.38
Tm 0.22 0.68 0.56 0.59 0.24 0.70 0.75 0.69 0.69 0.67 0.47 0.86 0.293
Yb 1.53 4.02 3.57 3.96 2.02 5.00 5.05 4.53 4.23 531 3.26 531 2.13
Lu 0.26 0.73 0.63 0.69 0.35 0.60 0.90 091 0.77 0.67 0.45 0.93 0.366
Ta 1.52 1.37 1.20 1.51 1.74 1.13 1.05 29.50 15.80 1.26 235 1.23 0.816
Pb 26.60 27.40 24.10 18.70 18.40 14.20 19.60 19.80 16.60 45.70 41.10 21.70 7.96
Th 291 4.53 7.08 7.48 2.98 10.90 11.70 12.70 12.70 13.50 9.20 17.50 3.47
U 2.69 2.55 3.15 2.03 1.22 3.46 3.44 2.64 3.07 3.44 3.17 4.89 0.967
Zr 98.20 96.80 13500 12900 10900 466.00 527.00 619.00 483.00 471.00 489.00 570.00 384
Hf 4.44 4.47 5.92 5.67 4.46 12.10 13.30 15.60 11.60 13.00 12.40 14.60 8.37

1 BRI E R A XRE SR AN A =404kt A2 25 ) s Sl i oo 2 R H HR-ICP-MS il ik,

- PM012-8

P 7 NS AR S BRI 5 0 o Je 2H LA 5 4 B RO (CL) IR

Fig.7 CL images of the zircons from the volcanic rocks in the Baoligaomiao Formation in East Ujimqin Banner, Inner Mongolia

542003 5K 45, 2013) . 1E (Zr+Nb+Ce+Y)
—[(Na,0+K,0)/CaO]F1 Na,0—K,O [ i (&g ) |, k¢
AR TE AR R A X2, L, 4kl
o ARIE R ESE . 7E Nb—Y—Ce [#fi# (Eby, 1992)
(E9) I, KZFOUHIE —BOFEML T A2 16K 7
RIXoL AL 5 A2 LR . 25 TR T A AR 1 75 5K
BE A AL BB T A2 W, R AT-A2 (4
SEPE (X 5 SEAE, 20035 B /NS, 2009 7% & 4
2013) , 4bF A2 X8 A1 T A2 3 JEHIAT . 5 S5
gk LA A S s i A, HOR AR A2 W2

A=

% A RIAE 5 75 2R ME B I 80 280 5 R
LAY O SOl A LR, ol R HI5E R
R A B 2 AR A A A3 Rl Y 72 ) (L et
al., 2002) . SR, 155 M1k, £ 5 1R R4 K lE
HAREKIMEFTALZRARZRTAILE . [, %
T ALK A oo R & N, R ER 55—
Hr S S TR T iR A R TS A R A
AT 255 A KL AR . A TG K 2
Nb/Ta HAE (1.04 ~ 14.07 )i T 52K A5 (17+1)
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data-point error ellipses are 68.3% conf. 0.053 data-point error ellipses are 68.3% conf.
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Fig. 8 U~Pb concordia diagrams and recalculated weighted mean **Pb/**U ages for zircons from the volcanic rocks in the
Baoligaomiao Formation in East Ujimqin Banner, Inner Mongolia

Y

P9 5 AR S 5 g e 2H LU Nb—Y—Ce ) 51 15T i
(4} Eby, 1992)
Fig. 9 Nb—Y—Ce diagram for the volcanic rocks in the
Baoligaomiao Formation in East Ujimqin Banner, Inner
Mongolia (after Eby, 1992)

(Green et al., 1995; i 845 ,2015) , 5 /m 3¢ Al BE 3=
TR T ST . % R X KM i 7 B Ak Tl
1 Ll A T A — B R — A Mt A G A TR
M3t 5 38 9 (5K 25,2008 5 1K 645 ,2013) . f15%
GRS 12, At IR A S 254
B ELRUFE AL B 2 STR Yb B TRIAE G 4, X 3R A

FENNE M7 (falfF 5245 2013) o BRI, 5 XKL
e AT RE R 08 TRCA SRR AR TR B Wty R AT AR
T HbSE ) S 4 m (4 JRGR L 2014) , HE [F] 437
FWFR S REX — W (BURPE4E,2015)

— SBAIF G E R 4G o S T AR A BUAE R
A% E AL HLH (Collins et al., 1982; Clemens et
al., 1986; Whalen et al., 1987; Creaser et al., 1991;
King et al., 1997.2001) . A FAE 5 A 7ETE B #2
BHA BT HEA AT RE R AR B B B A
YA (SR 55 ,2013) o AR FTHCE 1@ 4Lk LS
EA B, At DR M 2 3 ek ik B
AN R AR AT — AR, 7E
L i e B i (IS ) v, BE S10, & i 1 3
MgO FeO', TiO, ¥ & A2 #i i /b , 156 A 48 by ek ik
W) B ) oy B 45 AR FH R 52 ) 5 17T Fil S10, 75
N, ALO: A1 Na,O 7 5 /b, CaO K0 7 748
FEARBH &, L BH HAR 28 7 T RHSC A 1 4 B VR X
ST oo R BOR B BRI I 43 it 2 &1 (18] 6a)
o, Bu R T 09 S R R AR R — 3
5.3 RigtaiE it BRIAEIRTT

F I mm ALk s B A2 W AR A R,
T T IR #7203 o s il , MR Ak R R AN 2
A SR PR FIAH G 5 3R RRE o X5 00 v i 4 Ak
AR T R1-R2 R 3 13 5] (Batchelor et al., 1985)
PN (B 10) , 8222 55 F02 1L R & 20 SIS il 43 iy
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A8 5 A DXL 88 J A 309 48 i 21X, G [ i 7 X
A HAIIA T8 LT A A i 5 1 R Al 4 A8 1
At VEX N H B AU E AR L, PO B T ) v
IS A #r. #E(Ta+Yb)—Rb Fl Yb—Ta I 25
51| 14l (Pearce et al., 1984) (151 10) I, Bt Wi AL
BAE THRNAE R A X R , 4 R 250 35
BAET TG AL R A XN .

— 22 (Tang, 1990; BB %, 1991 ; Sengér et
al., 1993;Chen et al., 2000; Windley et al., 2007 ;2=
R, 2009; TN, 2012) TA 2% 52 1 1147 g A7
pett—RL TS AL TR s B B, R St
At AREERY B o SR, f il TORHE s BFFYE X R 4R
AT HiL DX AT 2 R (310 ~ 320 Ma) K B K E D
P e Se Ik Y. Y Y HLE T ACG 4 i< 75 28 (fi]
fFER4E 2013 245U 45, 2015) o WA A i 4 —
B (290 ~ 310 Ma) & & 0 28 W1 18 58U 4% 54
(Eby, 1991; 25655, 2016; FEH M55, 2017) , AT #4) 1
A TR G 8 25 35 A FH Bl 43 5 R IR S T 1) 5 2R A
e, 1@ R 4E ST A i —3 S i
TEXGEE LA h iz o0 A1, B YA 58 4 m] DAXE
L (27 J5 FHAE, 20115 iR 55 45, 2015) , H R fifiAH
PR PR KL 5 KLU T 5 F I 8 OB B R I 25 A
[ B, o, 7R SR I Ry S i iy il
5% % s (N S2t FA XL 77 57, 1991 5 i Bk B8
55,2015) , R B W REEEZR G S M IOL MRS

LB B AR . KL s 20t 2R
Sk Bl AH 24 B — o 20 kLl & (5 Bk A
2011) o oy MR B Ak o It AR 1 TS g FELE B R s IX iy
s AR A B AR b R] B A A R A A A A

(Chen etal., 1997; Z=HIR A, 2012) . NSEdT i —
AR 1 i XA R A0 A R 22 R R W) A AT e —
o TR R A (JE AR %, 20105 9
JE HAE,2011) o BRI, %5855 1L N 5T AR S it it
X M5 A7 ¢ T —F 3 1 © &b T W)l 4 — 4 S o
B R B R Ll AR SRR EL

6 zt i

A X N SR AR S R — R
2 b J2 350 DI R R A A R B, A5 A )2 KL
A A BRI B U-Pb AR AT, 15
HANTF 4518

(1) S R e 5 Hh 88 6 1
ALY P B U s B = R T 5 G IV T
= B A B EATEE, B —ERE
HR R LUV LK LR T 25 28, KLl & DL e vis
FHR s BN — B K R KL TR g A
MBI A , & Annularia {89104, 2~ K LR
HOHTTRR ; DU B — 2 IR R (AR 5 e /b
s L —UR R 7, Ll e DL R R 32

(2) 52 7 70 ik 2 DU B 2 40 (0 55 S T 8 I
B A °Pb/7U F- 4 AF Y Ol (305+4.1) Ma (=13,
MSWD=0.3) , Ifil = Bt JK 5 {8 it 804 1 Ry (315.2+
4.6) Ma(n=13,MSWD=0.27) , K 11175 sl & 0
SRt 2552 T A A B 2 A
A R B S R

() FE TR ERYE K LA A2 T T2 i
BB S B A R ILE G A AR
PUERE B, 7045 4, A/NK (B Fll FeOYMgO fH & , &
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Fig.10 R1-R2 diagram, Yb-Ta diagram and(Yb+Ta)—Rb diagram for the volcanic rocks in the Baoligaomiao Formation in East
Ujimqin Banner, Inner Mongolia (after Batchelor R A and Pearce J A)
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