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Abstract: As an important tectonic terrane in the southern margin of Central Asian Orogenic Belt( CAOB), the Beishan orogenic belt

has undergone the accretion and stitching process of long —time and multi —stage, where Precambrian basements were universally
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distributed and Paleozoic crust was remarkably accreted. Therefore, based on the previous works, it is necessary to reconstruct the tectonic
evolution of this belt in Neoproterozoic, research the ascription of basements, and discuss its role in the evolution of Paleo—Asian Ocean
and even larger —scaled tectonic evolution. Two set of samples were collected from porphyritic biotite monzogranite and rhyolite in
Daoban copper—Honggoushan ~Dawan iron mine in the southern Beishan belt, Gansu Province, which were used for the study of
petrography, geochemistry and zircon U~Pb geochronology. The samples are characterized by high silicon, rich alkali and potassium,
peraluminous, low magnesium and calcium. The rare earth elements( REE) are characterized by differentiation of light and heavy rare
earth elements and the negative anomaly of Eu.Trace elements manifest depletion of high field strength elements( HFSE) such as Nb and
Ta, and enrichment of large ion lithophile elements( LILE) such as Sr and Ba.U~Pb dating of porphyritic biotite monzogranite yields the
weighted average age of 892.315.1 Ma, and that of rhyolite yields 870.4+4.5 Ma, which shows similar geochronology. Typically
featuring S —type granite, the porphyritic biotite monzogranite was formed in collision environment, and its magmatic source was
generated from recycling of ancient crustal sediments. Characterized by A, —type granite, the rhyolite was formed in post —collisional
extensional environment, and its magma was originated from partial melting of deep crustal material. The formation of two types of
intrusives indicates that Beishan orogenic belt experienced a tectonic transformation from collision to extension. The collision before

890 Ma indicates its response to Rodinia supercontinental converging. The extensional event at 870 Ma reflects the beginning of Paleo—

Asian Ocean in Beishan orogenic belt, which may be related to the breakup of the Rodinia supercontinent.

Key words: granite; geochemistry; U—Pb age; Beishan orogenic belt; Paleo—Asian Ocean; Rodinia supercontinent
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Fig. 1 Tectonic setting of Central Asian Orogenic Belt(a)and geological map of Beishan orogenic belt(b)
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Fig. 2 Geological map of magmatic rock in Shuangjianshan—Huangmaotugou area of Beishan orogenic

belt,and profile of porphyritic biotite monzogranite and rhyolite
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Table 1 The analytical results of major,trace and rare earth elements

L RIBER B = KA A MECH
LA YQ8829 YQ8830 YQ8837 Y Q8840 PM306YQ2 PM206YQ31 YQ9905
Sio, 72.02 68.32 70.41 71.21 72.43 73.38 71.96
TiO, 0.38 0.67 0.55 0.5 0.4 0.4 0.44
Al, O, 13.79 14.25 14.25 13.81 13.47 12.17 13.52
Fe, O, 0.71 1.72 1.48 1.31 1.06 1.16 1.37
FeO 1.85 2.82 1.95 2.06 1.39 1.98 1.52
MnO 0.05 0.04 0.04 0.05 0.02 0.03 0.03
MgO 0.97 2.1 1.11 1.02 0.94 1.26 1.38
CaO 1.23 1.48 1.3 1.89 0.55 0.33 0.54
Na, O 3.63 2.19 2.48 2.98 3.72 2.51 2.97
K,O 4.02 4.54 5.23 3.97 5.16 5.36 4.87
P,Oq 0.07 0.11 0.06 0.12 0.11 0.11 0.1
H,0" 0.77 1.14 0.77 0.68 0.26 0.86 0.8
H,O" 0.32 0.26 0.08 0.09 0.13 0.24 0.07
g 1.15 1.63 1.01 0.98 0.61 1.19 1.19
TFeO 2.49 4.36 3.28 3.24 2.34 3.02 2.75
TFeO/MgO 2.56 2.08 2.95 3.17 2.49 2.4 1.99
A/NK 1.34 1.67 1.46 1.5 1.15 1.23 1.33
A/CNK 1.11 1.29 1.19 1.11 1.08 1.18 1.23
K,0/Na, O 1.11 2.07 2.11 1.33 1.39 2.14 1.64
K,0O+Na, O 7.65 6.73 7.71 6.95 8.88 7.87 7.84
(K,0*Na,0)/CaO 6.22 4.55 5.93 3.68 16.15 23.85 14.52
AR 2.87 1.77 1.94 2.22 3.26 2.34 2.46
43 2.01 1.77 2.16 1.7 2.67 2.03 2.11
R, 2570 2695 2561 2737 2274 2736 2587
R, 459 555 482 532 376 345 400
10000Ga/ Al 2.36 2.78 3.42 2.84 2.55 1.87 2.6
Cs 4.66 6.15 9.96 6.64 1.51 4.77 3.16
Rb 126 159 295 186 106 112 154
Sr 146 149 119 148 62.8 72.2 55.5
Ba 504 664 619 366 903 794 663
Ga 16.3 19.8 24.4 19.6 17.2 11.4 17.6
Nb 8.86 16.2 21.4 14.5 16.1 13.2 14.8
Ta 0.97 1.23 2.35 1.3 1.37 1.17 1.26
Zr 153 238 305 211 225 186 214
Hf 5.37 8.24 10.2 7.24 7.06 6.33 6.95
Th 18.8 19.5 48.9 25.4 24 21.3 22.8
\Y 39 71.3 53.4 41 24.3 24.7 293

Cr 20 38.2 19.2 15.3 10.5 17.5 15.9
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e
B WIBERE = —RAER A mECH
e YQ8829 YQ8830 YQ8837 YQ8840 PM306YQ2 PM206YQ31 YQ9905
Co 5.36 10.5 5.97 6.24 4.19 8.68 6.18
Ni 4.9 15.4 6.94 4.64 3.69 4.02 5.26
Li 17.3 16.7 17.2
Sc 6.78 8.86 8.83 9.76 5.54 5.97 7.43
U 2.08 1.82 6.67 3.27 5.4 3.86 3.78
La 29.5 39 65.8 44.4 35.5 36.1 33.2
Ce 65 79.1 131 88.9 75.1 62.8 69.3
Pr 7.19 10.3 15.4 10.4 8.9 8.58 8.33
Nd 25.9 38.6 59.9 40.8 35.9 30.6 34.5
Sm 5.09 7.43 11.5 7.91 7.37 6.36 6.91
Eu 0.75 1.13 1.08 0.86 1.02 1.1 0.99
Gd 4.49 6.67 10.1 7.51 6.82 5.96 6.15
Tb 0.72 1.06 1.63 1.36 1.31 1.12 1.08
Dy 4.34 6.34 9.04 9 8.51 7.41 6.55
Ho 0.87 1.21 1.58 1.77 1.59 1.47 1.23
Er 2.82 3.55 4.55 5.54 4.65 4.38 3.72
Tm 0.51 0.58 0.82 1.03 0.83 0.7 0.68
Yb 3.25 3.56 4.37 5.49 4.42 4.23 3.89
Lu 0.53 0.55 0.68 0.84 0.67 0.66 0.6
Y 23.9 32.7 45 47.9 41.1 45 32
> REE 174.78 231.82 362.78 273.74 233.81 216.43 209.16
LREE 133.39 175.64 284.99 193.34 163.89 145.51 153.28
HREE 41.39 56.18 77.79 80.4 69.92 70.92 55.87
LREE/HREE 3.22 3.13 3.66 2.4 2.34 2.05 2.74
S Eu 0.47 0.48 0.3 0.34 5.77 6.13 6.12
(La/Yb) 6.5 7.86 10.79 5.81 3.11 3.66 3.1
(La/Sm) N 3.74 3.39 3.69 3.63 1.28 1.17 1.31
(Gcl/Yb)N 1.14 1.55 1.91 1.13 1.28 1.17 1.31

T ERICE G EAA Y% MR Lt B &R 107°, A/NK = (AL 0,/101.96)/( (Na, 0/61.98) +(K,0/94.20) ) ; A/CNK =
(AL,0,/101.96)/( ( Ca0/56.08) +( Na, 0/61.98) +( K, 0/94.20) ) ; AR = ( Al, O, +CaO +Na, O+K, 0)/( Al, O, +CaO~Na, O-K,0) ; 043 =
(Na,O+K,0)%/(Si0,—43) ; R, =(4(Si0,/60.08) =11 ( (Na, 0/61.98) +(K,0/94.20) ) =2 ( Fe +Ti) X1000; R, = (6 ( Ca0/56.08) +2( MgO/
40.31) +Al,0,/101.96) X1000, FiA fk2 o3 3457 A %

LREE/HREE=2.05~2.74, 1) 2.37, (La/Yb) = 4.2 %A U-Pb i
3.10~3.66, F¥MEH N 3.29, R B M L0 R ST 421 MEREZFZKERKE
MG (La/Sm) = 2.50~3.66 , 564 o0 R N 5 RIBRER B = KA < R R T 20 AN

A5t (GAd/Yb) =1.28~1.59, @i+ 0K TA ST A U-pPb [FA Z M, 5 R 3k 2, &%
B ;8 Eu = 0.43~0.76, ME TR MR ABRAOCEGEELE 8-, #ia 2 B KR A
fRBLor ek B, HA — SR ih 4, RE TR 6, 2IEE A, REKZH 200~500 wm, 5580~
FAIJGE Rb, Th U K B &4, S5t R Nb, 150 pm, HA BB RG240, 4 51485 A HA koK
Ta Ti HXF 5 H(E 7-b) . G5 R At B A KA A DR AR, 3 e X 52
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SRR HEAT T, SRR 3,12 13 A1 14 5, X 4
JERYAE IR RS R 5 1373 Ma 1041 Ma 1265
Ma 1205 Ma, H. 856 ok HA B A% —h 254, 1
H 13 SIS AR R Y 2 R R R R
[F] B BT 4851 (Tl 8 —a ), HEINNGX 4 2H 345 2Ry 4
HREE (B S AR . A 16 DN U &
AT 388%10°~1818X10 2 [a], Th Fr& /T 56X
107°~599%10"° Z [a], Th/U fHAF 0.0967 ~0.3523
Za), Hrp R 250 S0 Th U ERF 0.15, i
I AR I AR AT 793~906 Ma Z[H], 3
TEAEENZR b R BT | £ M A 56 R4, Pb/ ™ U
ARSI 2{E M 892.345.1 Ma( 8l 8-b) ARFE T
A RB RO AF

’ 890+10 Ma

89649 Ma
100 pm

8919 Ma  903+11 Ma

894+10 Ma

422 RBEE

MBCE R AR 20 D AT AT U-Pb [A]
MEMR, G5 R WE 2, SAZ2 AR LA
R B2 e, MIEKZA T 100~180 pm Z
8], Je A F 50~100 wm Z 0], ok KNSR K, BA
S A IR 3 Al 2% R HT A 0l A HL AT 4k
a5k (B 9—a) , HoARBS A B R B 5 J A ()
fE, S5 1.7.13 F1 17 5 550 B 4k i, Herp
7 A3 S E R/ N RE R SET R RA L1 A7 5
5, S A XS A A5, il an i 9 —a R 17 5
BAreah, bric XCUR A B B A (7] /Y 2R R AR
DS SR GRS A7 (%) RO 25 R AR . R 0
16 MK S U & A 184X10 °~564%10°, Th

901+10 Ma

1265+16 Ma

894+10 Ma

0.158

0.154

0.150

20(\Pb/238U

0.146

0.142

0.138

%ﬁ@ﬂﬂﬂvi’ﬂ{ﬁﬁﬁw.ﬁilka
=16, MSWD=1.04

1.28 1.36

ZO7P b/ZSSU 1

B8 IRPRE = KA KA A A & B (CL) BIER () A1 U-Pb IEFE (b)
Fig. 8 CL images(a)and U—Pb concordia age diagram(b) of zircons from

porphyritic biotite monzogranite
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206Pb/238U
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1 FILEE 5 871.942.1 Ma
017 F =16, MSWD=4.8

FERIBCPEIEN870.4£4.5 Ma
=16, MSWD=0.57

0.8 1.2

1.6 2.0

207P b/235U

B9 ECHHEATIIAE (CL) B& () #1 U-Pb 3 HIE (b)
Fig. 9 CL images(a)and U—Pb concordia age diagram(b) of zircons from rhyolite

EEN 48X107°~147 X107, Th/U fHA T 0.1233 ~
0.6057Z i), Hor K Z 50X 55 ThU KT
0.15, 16 R A IEMAEREJy 871.9£2.9 Ma, ™ Pb/ U
AEIS ALY R 870.414.5 Ma, —F 1E1R 2576
W—E (K 9-b),

5 W ®

51 BRERIES

B M EE M A A BN LXK
1) ZFE M R T A 22 5, AN Rl T I oA
[P AE B 512 17 22 46 14 HL 3K Ak 27 P Jo R g 28 5
R L B2 R 2 4K <) A R A R] EP Barbarin™! 1A
Sy, R SEIR AR A IR AT LUE AL A T8 T
FRJRAE B 2 7o U Y, 5 a1 A6 B A SR IR A TR,
Bl RSl e A ) A R R Y, — S SR g

FEAE = R ZBAE R A R, 4k
WA AE b e n] LA eh b 0 A TR T 00 e Rl
I ABA A A AL B A AN T RE LR A
HE TR TR R O R M R R 20
R L ST 5 kAR A Sy 4K 1 A R e TR
(0, AR fE Sr—Nd [A) 7 R AFE B i a i IR X 538 3
F ZRAE TR X Bl 7 R DX S A T DX i 52 T
DX 2 [] (R PR X

Chappell ™ Fll White™ $2H 1 BRI S BUAE 7
Loiselle 551" 7 SC A RUAE < 2 At ZOK AR 1L
MIAE B 7 . Bonin!” TEUL AL B, A BIAE A
SRR BRI . BB 1.S M A BUE KA 52K
A | R 1 22 10 BIF 504 A 15 A T B R
T SRRk, — B =, s BIAE & U i
T Hbre (28) TIRVA S RUE I (anse e i< s ) 1 8l
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ERA Rl T 7 (28 AR A Z @I AR FiRY
W] , £ F 0 4 Rl T R B (AR A BB R A ) L T A
RUAE B 0 BRI U BT 5 2 T 25 3 A 0 40 R b K
f2E A ARHIE I AR R R BTSSR
511 MR EZE KK E

ZUFFEY AT EMIE R KA A B
WY (AR FAMBEath)  REHEE R S BERK
Fro LF SO S AR BR M X AR A AR s AR
B BIAE B R BR . 249 900 Ma (78 i 1 5 1 72
[F] 25 o ZE b L B X Al )3z &/ B R AL
L 1 B S UK A T B b 2544

RIBER R = K ALK 5 5 A Wk (W w1k e
A P L, A A B R E R s B
B HA A (K 8—a) , FwIcRAMEKIH
BE E R A (BRI 5% ) AR AIRES | AN
(K,O/Na, O /T 1.11 ~2.11 Zfa)) i 43 5k
(A/CNK KT 1.1) (85 56 M — 0k Pk R iE (5,
Kl6), LIt RKE K R Eu 7 H#H0
7,8 Eu (HEAL, M o KA MR & KT 3%
FIJCE Rb ME i CE Th, il Nb . Sr,Ba 77 fil 5
fECK 7) , [al i B R Rb/Sr(0.87~2.48) [ Y/Yb
(2.64~6.10) A Sr/Ba({H 0.19~0.40) F#1iE, Sr %
HIE/NT 300X107°, Yb AT T1X10  ~7X10 2
6], P H Y R ER A 4 A R P S BUAE R A
FRIE( 10—a~1)

—fBIA Ny, S RIAE A 2R TP R HboE (AR) T
A TR o I ™ 5 KW AL O,/ TiO, fH/N T
100 H CaO/Na,O fH KT 0.3 if, FHHIE G A TR IX
AR IT HIE A0 46 Rl R B m . LBEAR
B KA A ALO,/ TiO, HA T 21.26~36.28
Z A, L/NF 100, CaO/Na, O {HAT 0.33~0.67 Z
B8], KT 0.3, KRBT (28) F4iba i &8 4 J il
H AR B (B 1) o AR PE sk A S —
Yb A6 5 53 2 T A 28 W, R R R ik
A2 e ) T L FEE T BB R VR T b 5 Jin JER o R P A K
R E S RE TR AICER Rb Ml Th, 1 %5 4
E R T ZE Nb, Sr Ml Ba, o] B 5 45 i 2> S E
AR,
512 ASE
WMBCA A ERE R R BB R AT (]
5). BRI R WA H LA RS R
FEETRE (K 6) . M £ R BB L& Eu 5

A FE S0 A, SEu (H AL , Tl JC R b Ak B 7
 Ba Nb,Ta Sr.P.Yb Fl Ti T HIFREIE (K 7) , [AlAS
HAM Y/Yb (1.50~1.73) FI{K Sr/Ba 1H (0.06~
0.09) ¥ 1E, Zr+Nb+Ce+Y FH{H N 460 x10°°,
10000 Ga/Al EHI{E K 2.8, ¥ 5 T Whalen 5517 i
FER A BB AT BRIE (350x10°F12.6) , A A
RIAE R A BRHE (] 10—a b)) o B I Es A 1 AR
JE (P48 852°C) 5 A RIAE i< 28 i T AL i —
FRIEW) &

A B BA I TR B AR LR (E
A AR, HROCT A BUE A  a PRAR
FEA . O 08U X R A K Y
B Qp e R R R A IR AT Y BfE
BRI — b 5T B AR A RUE U @ IR s 0K
i 1Y N Tl N i 11 <235 ) A

MECH BA W P m Ak S8 & B85, Eu St Nb
W, Y/Nb>1.2((La/Yb)  =4.78 ~8.13) Ay 4F
A FEBHUNTT G ki Y5 7 5 I B S sl se g i
AL 2 b 52 35 3 s RlOE . 35 v Y
A TR 26 W ] BE Hh 2 M7 S 0
WL, 2if LIRTSUARER A BUAE i< 5 B RRAE,
IS R b 5E TR ) B 7 o il 25 F R 3R o 4
ARG, AR TR A5 Sr—Yb fE X 75 40 28 S U]
WAL HIWr , HOE R BE Bk, B/ TRIBER B =
TARAG R, TV e A R BE T RE R R T b ST AR
Dl B a R LR AR, Sr Eu W T, RS
WD T — R s 45 mER
52 EHRE=
521 MEREZE KK E

PIKS ARBUR ( Grenville ) 32 L 544 R B BT T
A LTS B 7 2 BRIV FE N T AR AE T A
EAERT AL RIS BUR s haE N3 )12 43 A i T
HEHATT  EARR , R HRGE T b 1L Ll
i KR GoFT it e R S (8 2,36 3) , RITIZHLIX
R RETT T 2 i ARG sh, HHi
ARk, b i A AR TR R B UK
P DA AT FE R 4 A K GE E B TP AR
TR IR —L M e — 7, A AR e SR
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ETHTE 970~865 Ma,, MFAEAREES XM el 5 40
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Diagrams of magmatic sourceof porphyritic
biotite monzogranite
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P, Tl b il 1A Fnsedb 34 & B4
BT JRR TP A TR 8 B A IR AR R 7 — 5 A Ay AR
NG IR — 46 B AT RB AR R T 3 LR Ml
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Wang 5™ FE R LI T 29 900 Ma B9¥E SN E

B AN AETEIR ol — Rl 48 15 2 5 78 A7 09— A7 PR 3 1
2 894 Ma MY BERE EALAL B A IA R A7 7 i 72 [+]
B, KEMIESE R, PIBERE = ZKIER S
S BRI (E10) ,—BIAH S BIFE R AR T
Rl AH OC B R R T 50 X B A ek Ak
U AR 7Y R 85 Ol 5l R A DG 1 Kl R (R
12) B X B K AR R £ H R, el
R AFTEZY 890 Ma 1 ¥ 12 SR o ilf 5 1% 3, {L BE
AR 2 TR AR I UL IR ol 48 5 1 A 9 b s 1
O U 0 PR R 1 72400
522 AsE

HAT =20k A BIAE A 50 A 3R 1 R AL i 5
(A) MG IR R A (A,) P07 REUA ek
e A R B A, RUE A I RRAE , Ce/Nb—Y/
Nb Fl Nb—Y —Ce i 1 B A I 2 3476 78 A, PIAE
FXI(E 10— h) , BARA TN, A RE KA
ATRMIE BT OIE ffRIREE , (HU K 2 8t oy R I HE
BT 1 Lo B 8 SR e B B 0 s LY
WFFEINR L B0 BT A e 2 7 ] il 42 7 7 ) b e i
4 SIS BOE ™ o BRI AR R R TS
N SRS Ry 5 Rl A A G (4 2o R BT AR B s vl A
W BILAE S AR ) (e JR R B I B, AT A g i LA
FH E IR o i o 9 i b i, R A G 1L 3 LU Y A
900~870 Ma (1) Bf ] NAEZERE AR BT Y S AUAE <) 7
ARG A A HRY , HaX — R GIE A 0 5
R TIZB AR S L R

TBCE I A A B e AR S (& 6) , ik fk
A 3 BH S B Y AR B A R B e R A
G R KOLIRAE = 5 RS (B 12) . S5 E R IX
Rt K LA 5 TR 1Y) % o 4l — 22 0L =Xk 1
FUAETY N E S AT R T 5 R B B A B
frsk ¥R EE, LA LR 2D FE 870 Ma ZRITE &
HEA G BT R B B, 33X 2 9 80 W) S i A T 5
LR EB ) T FAG IR 1 7= 40
53 MEEY

bl (s AL B T 2410 & 1R el i e — 5 90
RGN T4 i e iy 1 o A U R S i R R
R — EAFTER R, AR oE R0,
el by & th 22 45 ity A5 AR I AL B i 2 2% 14 A
PP A R G, MG LR IE S T 24 iy ik i
B Ifs v ARl fE L AR 29901 Ma Y OIB #Y
ZIAETHI 900 ~860 Ma [ HEE 5 5l 145 L |



1134 My B IR GEOLOGICAL BULLETIN OF CHINA 2021 4F

®3 GLBLHERASFTHERERNEERSEIT

Table 3 Dating statistics of Neoproterozoic granites in the Beishan orogenic belt and its periphery
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Fig. 12 Tectonic discrimination diagrams of granites
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