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The property and tectonic affinity of the Early Precambrian metamorphic
basements in the eastern Alxa block

NIU Peng-fei, QU Jun-feng, ZHANG Jin, ZHANG Bei-hang and ZHAO Heng
(Key Laboratory of Deep-Earth Dynamics, Ministry of Natural Resources of Geology, Institute of Geology, Chinese Academy
of Geological Sciences, Beijing 100037, China)

Abstract: The Alxa block is a Precambrian microcontinent bounded by orogenic belts and fault zones, and its prop-
erty and tectonic affinity have always been controversial. Based on the recent research data obtained by the author
in the eastern Alxa block and combined with the research progress of Alxa block in recent years, it is considered
that the 2. 64 Ga amphibolite and ~ 2.5 Ga TTG gneiss exposed in the eastern Alxa block, and clearly indicates
that Neoarchean metamorphic basement also exists in the eastern Alxa block. The zircon Hf isotopic data of these
Neoarchean metamorphic rocks show that the model ages mainly range from 3. 38 Ga to 2. 88 Ga, which are consist-
ent with the Hf model ages (3.4 ~ 2.6 Ga) of the Paleoproterozoic zircons from the Diebusige Complex and Bayan-
wulashan Complex in the eastern Alxa block. The above data indicate that the eastern Alxa block has experienced
crustal growth from the Late Paleoarchean to Early Neoarchean and magmatic-metamorphic event of the ~2.5 Ga.

In addition, the magmatic event of 2.3~2.0 Ga and magmatic-metamorphic events of ~1.95 Ga and ~1. 85 Ga were
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also recorded in the Early Precambrian basements of the eastern Alxa block, similar to that of the western Alxa

block and the North China Craton. Based on the similarities in the zircon chronology data and Hf isotopic composi-

tions of the Early Precambrian basements from the Alxa block and the Khondalite belt, we proposed that the Alxa

block has a similar crustal evolutionary history with the Khondalite belt, and was probably involved in the Khon-

dalite belt as its western extension in the Paleoproterozoic.
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Fig. 1 The distribution of early Precambrian basements in the Alxa block and sketch maps of the basements in the eastern
Alxa block
a— BT FLE H Rth BT 17 ] 5 b—r8 A0 0T A% A A R 2 ST B il A 5 (IR OTAE SR, 2010a) 5 o— B SBHLILCAHRE (J NS HBT ™ 7, 1991)
a—simplified geological maps of the Alxa block; b—the Diebusige Complex and Boluositanmiao Complex( after Geng Yuansheng et al. , 2010a) ;
c¢—the Bayanwulashan Complex( after NMBGMR, 1991)
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Table 1 Dating data for the early Precambrian basements in the eastern Alxa Block
o7 Eoyc HUFEWIRES B AR 7R AR i SCR
B AT AR
RHE AN A 44 Rb-Sr A4k 3219 Ma HIRTES, 1988
R A 4 Sm-Nd 28048 3 018+49 Ma AR, 2006
N40° 31. 596 iy S EDARERIS B8 RIE R 2 690~2 450 Ma o
E106° 6.327' R SHRIMP 2750-2690Ma 5 4601 900 Ma POt 2006, 2007
N40°32.291" P " ) S IRA B .
£106°8. 203’ B TR SHRIMP 1 802+12 Ma BotA4, 2010a
N40°31. 222" . " I
F106°12. 5317 KL ke SHRIMP 1 926423 Ma KoeAE 4, 2010a
N40732. 38, BERHC RS SHRIMP 1 970+8 Ma BotA4, 2010a
E106°8. 23
N40°31. 695 it 1o ge o FAVE A% Ar 1918 Ma s
g G A ’ 5
E106°6. 291’ FTREATRHC AN MHEAY A AL 1722 Ma kot %, 2010a
N40°27'3. 3" 1 898+17 Ma
;EE‘ jin) Q p [ al. :
E106°870. 0" HEPE R R SIMS | 7058 M Dan et ol. . 2012a
N40°28'52" .
£106°4'53" ARk SIMS 1966+7 Ma  1916~1 819 Ma Dan et al. , 2012a
N40°28'54" o s i
E106°4'45" HP AR B SIMS 1981+10 Ma 1 850~1 843 Ma Dan et al. , 2012a
ASHE R SIMS 190419 Ma 182248 Ma Wan B et al. , 2015
TR A SIMS 1 90642 Ma Wan B et al. , 2015
ANy ¥ SIMS 1 887+29 Ma Wan B et al. , 2015
R dik SIMS 1 809+38 Ma Wan B et al. , 2015
N40°30'33.9" . 1942+11 Ma
/:: - Jax) % _MS [ oy
E106°13' 12 04r Ao AHSHRE LA-ICP-MS | 847e 12 M AR 2019
N40°30'47. 41" _ . 2177~2 010 Ma .
AR -ICP- . ~ 5%
E106° 1318200 A R LA-ICP-MS (FIREET) 1969~1 811 Ma 4k, 2020
SOMGURGSE  LA-ICP-MS 1854225 Ma Zou et al. , 2021
1 843+18 Ma
N40°32'34.2" . 2476~2080 Ma 1 940+19 Ma
R o 6 . '
£106°10'31. 8" ﬁﬁlj$4’kﬁ_ﬁ;ﬁ/ﬁ LA-ICP-MS (WE%E) 1 846+12 Ma Niu et al s 2022
N40°30'55. 1" . 2461~2121 Ma 192713 Ma
_,/)\: .. [EE) _ ~ _ ~ - N . > .
E10651244. 8" B RA LA-ICP-MS (R ) | 8309 Ma Niu et al. , 2022
N40°34'40. 39" AL e o 2 483+54 Ma e 1
E106°17'5. 34 RHC IR LA-ICP-MS 2 636+14 Ma | 968218 Ma R e FR
Yz N R A RS SHRIMP 2 836220 Ma 1951212 Ma Niu et al. , 2022
1 867+12 Ma
BRA A SHRIMP 249118 Ma 1 83445 Ma EE R R
W NKA SHRIMP 2 540+38 Ma 1 784424 Ma EX P a6
s 1852 + 46 Ma )
VAl SHRIMP 276342 Ma T Niu et al. , 2022
W W A
DRAS B L BARH RS TIMS 1 826+13 Ma JRLTBEAE, 2007
BB RS/ 1 818+19 Ma .
. S "':H\: 1
AR R SHRIMP 1 83918 Ma PSR, 2005
EL B2 R
TMEERE 10 km  FERIINK AR TIMS 2 082422 Ma ZER LS | 2004
NOSE mzBRARE  WERRE 22712264 Ma VLIRS | 2005 BOELE, 2007
N39°36'29" et ey ] 1 923428 Ma e e
£105°10'4" FRRIRAE B & SHRIMP 232320 Ma L 856219 Ma AL 2007
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Continued Table 1

Ay A MR ¥ AR A AT Sk
N39°36'44" o
FHEA N SIMS 232949 Ma 1926~1 812 Ma Dan et al. , 2012a
E105°9'21"
N39°31'47" .
LM R R SIMS 2344+12 Ma 1792417 Ma Dan et al. , 2012a
E105°5'12"
N39°36'11" o . 1 891+9 Ma
K5 B s SIMS Dan et al. , 2012a
E105°12'44" 1796 + 22 Ma
N39°31'47" »
ER A SIMS 2303+5 Ma Dan et al. , 2012a
E105°5'12"
N39°48'3" ) 1 892+8 Ma
iE R R SIMS 233416 Ma Dan et al. , 2012a
E105°30'46" 1792417 Ma
N39°47'17" "
ER A SIMS 2 324+10 Ma 1 767+23 Ma Dan et al. , 2012a
£105°29'42"
N39°28'9" .
T b Ik SIMS 1 895+28 Ma Dan et al. , 2012a
E104°58'58"
N39°36'24" . 2239~1 988 Ma A\
BHC A N LA-ICP-MS 2300 Ma 1015, 2013
E105°11'55" 1 940~1 892 Ma
N39°40'57.2" X
FAINRHE A LA-ICP-MS 2290+11 Ma 1 878+13 Ma Wu et al. , 2014
E105°15'13"
N39°36'47.1" ) . 1 935+8.9 Ma
1 R AHE F JRR LA-ICP-MS 2244+10 Ma Wu et al. , 2014
E105°8’35. 5" 1 858+25 Ma
N39°36'47.1" s
16 B R LA-ICP-MS 230120 Ma 1 904.8+6 Ma Wu et al. , 2014
£105°8735. 5"
N39°36'39. 6" L
MRBHE B R LA-ICP-MS 1 876+10 Ma Wu et al. , 2014
E105°96. 7"
N39°36'38.2" . .
B RHT R LA-ICP-MS 2266+20 Ma 1 911.4x4.1 Ma Wu et al. , 2014
£105°951. 3"
N39°36'19. 3" \ NN, 1 851+17 Ma
“KRRE LA-ICP-MS 2232+18 Ma Wu et al. , 2014
E105°12'8. 5" 1 955+27 Ma

AR 28 A1 S0 5 A v 9 728 o 3 5w e DUAR B AR BR a2
TET 2.45~2.0 Ga Z[A], JF3R1F T 1.98~1.97 Ga
AR A R 45 AP R ~ 1. 89 Ga  ~1.79 Ga 1y
AR FUFARY , AR I XA KOl i kot e, 1
BEAT HE [R) A 245 5 7R IR HERR Hh 78 PRI AE7E K
WA T AEYE . Wan B 25 (2015) 7EMR L HBIX &
T ~1.9 Ga AR A RIAE R BT R ke, FE3kAs
T 1.82 Ga ZE A YR AR WS Rl ZEE X & A
MAREEAT T 85 A AR R0 HE R R ISR
(48 €4 2019; Niu et al. , 2022) (£ 1), FR15H]
FRRSA R B A AR R AE 2.7~2.1 Ga
I, ARG T 1.99~1.89 Ga £11.88~1.76 Ga %
WA RIS (B 2) , 256 W08 B AR RS A1 A
A4 B A ST A BRI 402 o 3R e e B TTORR IR PR 2 7
T 2.1~2.0 Ga Z[H); &R A IR 885 1) HE [
M ZERIAEIS K 3.4~2.7 Ga, FEHHXLLRE B EE A &
BRI TR R R R B, Sk, &

BN S AT )2 R E W AL N A Bk T
THESAIAR, RAF S KA AR 1 860+8 Ma
(EEHEREFEIE) , 5 Dan 5 (2012a) FRAFHY 1. 98
~1.97 Ga IR BUR A 45 b AR 5 24 ) 5 o 3% 11X
PR AL R TOE S & LS TRE

AN, SEH B e AR L b DX R 22 Ky
AT A, Foh ARHS A N T B IR A AR i
2 697 ~2 566 Ma (AL F-I4EIEH 2 636+£14 Ma) ,
WIHAZE AR A0 50 2 517 ~2 454 Ma (IIACF-H4E
#4582 483454 Ma) H1 1 988~1 952 Ma ( MIALF-H44E
154 196818 Ma) 5 HAKAE R i R 10 A 47 1
H52 49118 Ma, 28 JE AT AR R 1 834+45 Ma,
RET Wt oo AR B Jem KB R RS
HYJE A e I 45 AR IS O 2 540438 Ma, 78 gk 41 4F
1541 866~ 1 748 Ma, —ZHAAIES G AR 1 2 667
~2 588 Ma( B4 KL REAE) , AR 735 1
He 7R BB R A A, B U B b DX b 5 TR
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Fig. 2 Zircon age histogram (a) and Hf isotopic composition (b) of the paragneisses from the Diebusige Complex
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Fig. 3 Concordia diagram of and zircon Hf isotopic
composition of Archean rocks from the eastern Alxa Block
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AR AR A 1 818+19 Ma 1 1 839+18 Ma;
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HEESE ) 2004; Wu et al. , 2014) , 2R {5 (2004)



24

PG TRAE B M R AR S i A R R O T 453

FAF L 7 LA R P (A B DA SRR S ) 2.5
Bk AT U-Pb AR5 M 2 082422 Ma, FHiZHhIX F %
R I B A et 48 PR ELER A5 (2005) il
WoeHA= 45 (2007 ) FIFHES A 28 K7k, RIS RH AN
HIJFEAE WS 2 27118 ~ 2 264 +3 Ma; 25 4R fd
(2006) XJ B 2 SR IEA R ARHS A N A 2T Sm-Nd
SEIFLRINAE ) RT5 T 2 00521 ~1 920438 Ma B
FAERY; TEARHSE (2007) i i3 £5 /1 SHRIMP U-Pb
DUAFARAT e RIR AL 5 A T % T 2 32320 Ma, 14K
27 1923428 Ma Hl 1 856+12 Ma HIZEFFAEH ; Dan
25(2012a) 11t 45 47 SIMS U-Pb fll4F | RS EZ D
PrilamHE 2 I B a1 BUE AR R 2. 34 ~ 2,30
Ga, HAEK IR A fRA kA8 T 1 891+9 Ma Fl
1 796+22 Ma (728 B4R RS, #54 HE [ R 458 BoR
2.30 Ga ZEA7 IR s A AR S UAR IR hy 2. 92~ 2. 81
Ga; FLAISE (2013) X #HS /A N A HE 17454 LA-ICP-
MS EAE, RIS H AN 2.30 Ga, #iA Hf [
REE R R HAR AR N 2. 80~2.45 Ga, 53 AMER

K AN A Wi 1 2 239 ~1 988 Ma il 1 940 ~
1 892 Ma By 7ZE T 4F iy ; Wu % (2014) 8 i3 85 A
LA-ICP-MS 4345 2 1E B R 1 75 2K 45 b AF 1
FEPTE 2.30~2. 24 Ga, fEIE R FRAFIE] R A 3R
RS AR BE P AE 1.94~1.91 Ga 1 1. 88~1. 86
Ga ZJH],

3 P i R 2 S A TR 2 A 3 A
A

WA, AT TR BT 35 iR 2R 38 b X (4 BF 5T
T AR5 122 1 DX R 98 40 A8 R LS 110 A AR 2 A
BWTEE . GV TR RGE 1 [ R AR A R
AR 1 R 4) BT 3 b b 25 350 b IX Y & A 0T A%
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Fig. 4 Age histograms of the magmatic, detrital and metamorphic zircons from the early Precambrian basements of the

Eastern Alxa Block and their Hf isotopic composition
B R A ERE R B Dan 25 (2012a) (A4EMSTK45(2019) Niu 258(2022) R & F80Ha ; BLE S LA BEEES | A 3 H045 (2007) |
Dan % (2012a) 2A1%(2013) \Wu % (2014)
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454 A

i W

A
= % Gk

41 3

3.1 AREREHZE(>2.45 Ga) fEREKME
R-TRES

BT 8 b R AR 38 Ry AR I — A8 B e A=
FE 2 697~2 454 Ma Z[8], f4ERILHLIX 2. 64 Ga (1)
RHC AR A 2. 54 Ga 2. 49 Ga 18 TTG HBRAIIE
BLLA K 2. 48 Ga WYZE AR (288 AR R R, K
4a 4b), FVGRTH DL L X #R Y 2. 55~2. 51
Ga [ TTG F kA M AT SRRy 2. 52~2. 47 Ga AR JHifE
ST R — B 25 2 -8 o =k (i AR 4%, 2012;
Zhang J X et al. , 2013) . F34b, BuRLa8 b AR 5 1
DX S A0 A B N B2 2 S L L A S A HIE (R,
RHEIRA R BN, RarFER a0 AR LR el A HE B
AW E T TE 3. 4~2. 6 Ga Z ], I HKEAE
75 2.68 Ga F1 3. 05 Ga Wi WA 5B A9 0 {45 2 (
4f) , FRE R ARG I 2T R A QG B 3 b B
IREBAEAE Z WG e A K AR IA
3.2 BB EH(~2.3 Ga) 5REH

X — 1 0 e P BT 38 i L X R AE
S P SRR 2 W e ] A & A (B RRL AR, 2004
XIH, 2008; B VLAE% 2011; Gong et al., 2016;
Hu et al., 2013; Wan et al. , 2013a; Wang e al. ,
2014; Zhang et al. , 2015) , WAFAETF BT R H A&
TR EZ SR X, KRR 2.3 Ga Ze A7 HYIE F kR
FREHC A N A R e (1 4d; T HEESE | 20055 Bkoo
A4 2007 W EHIZE ) 2007 Dan et al. , 2012a; £,
114, 2013; Wu et al. , 2014) , XA HefCE TFL2L
s By e A 2 S ) P R R (E R
Hi%5 | 2007 ; Bk RS, 2009) , @ id AT AEICESE
THRIL, ST B R RS T B e B A A
2.3 Ga AT AR IR IR (18] 4c) , AR R 55 (2020) iR
P — A A O 2 ST L B X 7l e vl 40 A i 3
JE AT LAAE Ay 28 A1 A 25 Rl R s FE D TR X
AgEA HE AR R B EE SRLE R ~2.33
Ga MIAHE A N A H IS A ) eHf (HR-2.2~4.5,
KERAE IR TE 2. 92 ~2. 45 Ga ZIA], T B A7 Wk A 1F
R KA ~2.3 Ga BB S A 19 eHE {H AL AR %
3N -8.4~-0.2 F13.29~2.90 Ga, S EZ 4
LA RE ELAT B B 22 ) (T8 4f) , RO AT DAHER B 1
P A BRI 2. 30 Ga 28 T3 i 7 A1 1F kB A i A
RERI RS IR AT e
3.3 HxERBAEH(2.0~1.8 Ga) ER-THK

=4
et R IS R EAE 2.0~1.8 Ga Z

], A4 B A TS 2 R R AR A R o SR A i ok
) 1.98~1.97 Ga FHIKFFAFENE (Dan et al. , 2012a)
(El 4a) BHEAANA AR BES A TER A0 1 918 Ma 9748
AR (BT 45, 2010a) , ELE SR AR
e RRRAE B 55 A 1 5B A 21 B30 S %) 1 923+28 Ma
F11 85612 Ma HYZZ BT 4R 14 (#E HHSE, 2007)
(FE4d), DR % W di i 225 v IE R bR e SR
1.95~1.80 Ga # K S HAFE 4 (L IHLwH4E, 2005; JH
ZI9e4, 2007; BKOTAESE, 2010a) %, ~1.9 Ga i
~ 1.8 Ga Ity oo i AR T g 44 7 A I w388 B v
LN Z K E . Dan 25 (2012a) 75 i 7 36 3 B
IR B A M A RN B 2 S R L A B IR RR A
A0 AR AR P 2 oy o0 o AR AR AR (~ 1. 89 Ga
~1.79 Ga), FFIA R I AL B 8 04 nT B8 5 K i
TR AT G, T IR B 208 o 7 T DXl o s ol
I SRS T AW X (e A & N OB <Se I EAS
&R B A% ( Zhao et al. , 2002, 2004; Hou et al. ,
2008) . Zhao F5(2005) A Ky KA B 54 2 2k
FEVERP AL s o, T G B A o R S A s
A AT TR A O, (EE T AR R Y AR AR 2R A 5T 45
R, FLEEWAMGERE T ~1.9 Ga MM 1E A
H, FRHIESE T ~ 1.8 Ga AYA & #0414 (B HUHE
41999, 2002; Guo et al. , 2005; Santosh et al.
2006; Yin et al., 2011; Ma et al., 2012; Wan
et al. , 2013a) . FAMESRFE R, doo R
(14 A8 o0 2 A2 A 0 552 RS 3 40 A T R AE (B 2a
4b 4de) , HER TR A FRY ISR, (2R
1R W 018 IR S A S 2 — 09 A Joi = 0 1 7 A B
B, SR T BRI TE 5, BA fpiE—2

4 DXBON b R o S

WNHTSCATIR, BThr s R AR T 3.4~2.6
Ga MIREFE A K, fFTE ~2.5 Ga TTG 53¢ 7% R
AT A 2. 3~2.0 Ga ‘HFME ~1.95 Ga
F~1.85 Ga KL R (K 5a-1) o B35 b
ZREBEYAR Lt X 5P BT h s b Kl X #2 1 ~2. 5
Ga 1Y TTG i Bk A HAT 3 — g ki se A= K B s (A
5a-2) . SKHEEHTSE (2018) 2695 B W HH i 42 A iR
W2 ~2.50 Ga B TTG F KA, TR 1L Hb X K
oy H AR o RS T RE ) PG 28k I P $0r 4 G M X 5 P ]
P 3 1 A0 L M XA | K B A BT 7 35 b B 2 3 1
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data of a-1 and a-2 are from Lu Songnian et al. , 2002; Dong Guo’an et al. , 2007 ; Dong Chunyan et al. , 2007 ; Gong Jianghua et al. , 2012; Dan
et al. , 2012a; Bao Chuang et al. , 2013; Wu et al. , 2014; Gong et al. , 2016; Niu Pengfei et al. , 2019; Niu et al. , 2022; data of b-1 and b-2
are from Zhang Weijie et al. , 2000; Jian Ping et al. , 2005; Fan Hongrui et al. , 2010; Dong Xiaojie et al. , 2012; Jian et al. , 2012; Ma et al. ,
2013; Ma Mingzhu et al. , 2013; Wang et al. , 2015; Liu Pinghua et al. , 2016; data of c-1 and c¢-2 are from Zhang Weijie et al. , 2000; Xia et al. ,
2006; Dong Chunyan et al. , 2007 ; Zhou Xiwen et al. , 2009; Yin et al. , 2009, 2011; Dan et al. , 2012a, 2012b; Dong et al. , 2014; Cai Jia
et al. , 2015; data of d-1 and d-2 are from Wang et al. , 2013b; Zhang et al. , 2015; Gou et al. , 2016; He et al. , 2016

ELRILIMHIKIY 2.3 ~2. 0 Ga 773 F 1175 PG BT 435
BRI IX WA IC 5% (Gong et al. , 2016) , — &1
I RS 5T A O A St — B (Bk T AR 5
2007; Gong et al. , 2016; KA, 2018) , FH/mE
B2 7 L DX oy e o AR AR S 1 PR T 5 e L

Hi DX P75 SR R SR AR A AT 3 b B 14 72 o 3 IS 5 3k
e S R ML SRS A A R L T A=
MR ER S AT WA A RE R 1,98~ 1. 97 Ga IR ILIR
N AT 1,89 Ga A1 1. 79 Ga P 1AS i 5 4
(Dan et al. , 2012a) ZEHTER A WAk A HE @ 7 FRA
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ORI ~1. 95 Ga M ~1.85 Ga FO7Z8 L 4 (4= 18
KAF, 2019; EHE R L REAE) P BriH i A
1.95~1.80 Ga 1Y TTG it i ik (YL HEH 45, 2005;
ot 2010a) DL PERTH LRI 2.5 Ga
TTG A A FFiC s 1Y 1. 85 Ga BYZE Ji 2 1F ( Zhang
J X et al., 2013) %%, doo it UMD 09 5 9 28 B =f
PEFEBT 7 38 MR P B 2 A e T, BTy 36 e v
REREARE A AT oo A I A A 1 P e
At v i3 ARG T FE R 20 AR R BRI B A TR
KEA—H e H A, BL2.8~2.7 Ga BYHIFE A K i
R (Jiang et al. , 2010) Fl ~2. 5 Ga FRFEJE 1A L
(Zhao et al. , 2005; Zhai and Santosh, 2011; Wang
and Liu, 2012; Wan et al. , 2013a) MHEAF, [F 04
JZI0E T ~1.95 Ga Fll ~ 1. 85 Ga Wil 28 5 5 14
(Wu et al. , 2005; Wan et al. , 2006, 2013a; Yin et
al. , 2009, 2011, 2014; Zhao et al., 2010, 2012;
Dong et al. , 2013) . FILTAT UL, Ba[47 35 b B 5 1€ b
o P AR ) 28 7 T Ry e i AR A R R AR
L PINUE A =r: ST X LS BV CIE A 51 8- SRS )
$I 38 Z [0 5858 BAT (B G R Ak Iy thoo B4
B AE AT | ATy 2 5 Al sef B 60
4.1 Siaihesttl

TEHBERAPL L, BHL M e 5 BT 25 B DUAR 1
WA A BE . Zhao 25 (2005 ) TA A B 47 3 b e 2 B
Ly iR (R P AE R 4y, — S 24 3 3 DK B 1L st B
DA€ R L — 1 BH -4 77 - 52 T 4 b DX ) R AT FE R 22
FENCHL Z 58— ok (MRa& 54, 2004, 2007), fHH
RS SR BT 7 35 i e 5 A b 5 hi il =22 (8] 77 7
ANFIBGEHEPEA 0 M BT E R T AR R BIE ST R B, B
P36 Hb B 1 B FE R 20 AR S LIS 5 B L b HUR A BT
XN, FEP AL T, BF 1L AN 5] XA []
TR Hb 28 Rty A S A, DA PE )1 45 L IX
R TR AL R, BB R AR 4%
it LUSCTTG R R R — 28 05 46 1 4 5 55 4
L ( Zhao et al. , 2012; Jian et al. , 2012; Zhao and
Zhai, 2013) T B[4 3 b B 2R 350 11%) 8 A A% 25 B
5 ST R A5 RN L 2 i 1 B DA R VG e 47 36 1
B P i H A A I B STl e AR, R WL K
TR AR A oty R 728 0 R 7 25 RIAE B 225 i 1 8 (223
R, 2004; Dan et al. , 2012a) ., FE53K -5 FAEH
WCSEIT T, BTHg R N A AL R ILHBIX 1 2.5 Ga
TTG F ki a (B IT4E 4 20125 Zhang J X et al. ,
2013) FIEEF fie i 7075 L b DR 1) HR A8 Rt AR

A n] I B BA L e 9 T2 0 A B K AR TTG A
A1, BB [ ~2. 7 Ga 5k B A Flise i 4 K (e
A5 2012 hERRRSE, 2013), JFAE 2.58~2.53 Ga
I KR ARG S, M6 2.5~2.45 Ga 2 T AR AR
FHRY A 3 (7] SF-4, 2005; Jian et al. , 2012; Ma et
al. , 2014 N AHXZ %5 3CHR) (1 5b-1.b-2) , EIRET
o7 35 M B 55 B Ly b R 2470 SR A O A oy A G B 0 -
AR, (B2 K E TR H 3 e R g ) g AR
JEIEN Y 2.3~2.0 Ga A HKF/FFM 2.0~1.8 Ca
B3 — A8 J =R 0 AE B L M B P 3 38 45 /D (Jian et
al. , 2012; D RREE ) 2013) (K 5b-1) . B T1EY)
Jo BRI 3K - A8 A FH A S T B R 25 5, BT
$ir 35 o B 55 B Ll o B R T N [ i 445 T, &= /b
A Te AR 2 AT AN [ ) b T A g R
4.2 HizZawxtie

et v R Lg% P ] 2R 25 A e AR
T-BRl-KE =T B -2 X, i s
e 5ER Z Wil R TE ~ 1. 95 Ga PESTE R, 1CFE T
OF 22 Hi s B JR % 1 % 3 K Bl i) 2 TUAR ( Zhao et all.
2005) , fLAE AR A A F 8 i R R RRRL A
R SR SR AR R R TTG RS | Rl
WETE R A S BUAE K G 55 4 ) ( Zhao et al. |
2005 ; Santosh et al. , 2007; B E, 2009; Guo et
al. , 2012; Ma et al. , 2012; Zhao and Zhai, 2013;
Cai et al. , 2014; Yin et al. , 2014) , i AXfLZZ A
WA AR T RENFENE TR, EFEREKR
L X A e AR R s TR 2.5~ 2. 44
Ga WAL AR Ak, JF&DIT 2.5 Ga 2. 45
Ga Z8 B/ FH 2 (Wan et al. |, 2009, 2013a; XI|°F
4625 2013 ; Liu et al. , 2014, 2017) , FWFL2E A
FLIRZ T S5 BTy 35 bR R 5 1 e 3 — 200 Bk
TREAMLR i B W AP A R L (I =
ASPURUE T AR T B A AR AR T TE 2.25~2.0
Ga Z[0], G /D 2. 9~2.25 Ga Z A 145 47 4
W, 4545 ~1.95 Ga Fil~1.86 Ga ML FAERS, ¥4L
ARV EAET 2.0~ 1.95 Ga Z[H]
(Zhao et al. , 2005; Wan et al. , 2006,2009; Yin et
al. , 2011; Dan et al. , 2012b; 35454 2015) , Sk
$7 35 M B AR 1 X 2 S r 1L A BRI AR (2. 27
~1.95 Ga) i —3%, R TSMIE AR (2. 1~
2.0 Ga), X L Bl dir 38 Hh B 55 L 2% 55 i 2E
RZOAR BRI 8 A HE [ 2R B0 R, fL28 A
2.25~2.0 Ga WIS 85 A 5 B 38 Hh g B 1l b X
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2.3~2.0 Ga RA G WA IRES ATEAEIY A HE [ %
FEIED I — 30 (] Sc-1.¢-2), FM oo 1R i i
PUBAT s g w Ll X AT BEVE A IR X 2 — , L2k
HERAORMBCA Y, WAMER —4R A, BT
S SR T R AW e el ik e as A R SR R I3
o A L H LA A Y D R S A Y HE
[ AN — 3, [FIRE e W AE T o £ v B 1A B r
2 M AR B DX AT e 2 L% A W IR IX Z —

LG EW T 2N 1.95~1.9 Ga B2 i S
B AR B Ll e 5 587K 22 17 s Bl 1 BF 5 TE i e
Jb v 47 38 PY B BGH M R, T ~ 1. 85 Ga AYAR FAFIE
Xof o7 T PG el e 5 AR el B VR oy e AR Ly
PEEIE B 5t — (1) A2 db 50 F 3 19 B X (Zhao et al.
2005) o AR AR R, LKA A AR ER
BT M DX ) v v T T AR T AR M S
LR AEEICHET 1.96~1.92 Ga F11.90~1. 81
Ga WZZRFHF, K F 1. 95 Ga HITR (4L I 5 I
1.92~1.89 Ga HY S HUAE K %4 (Wan et al., 2006;
Zhao et al. , 2010; Jiao et al. , 2013a; Santosh el al. ,
2013; Peng et al. , 2010, 2014) ; FEf R L LY
ont R EHICR T ~1.96 Ga /il 1. 88 ~1.83
Ga S FRFAF, WAFTE 1.95 Ga HYIEICAE B 2 L%
HINK AR A2 058 (Ma et al. , 2012; Dong et al. |
2013 Jiao et al. , 2013b; Wang et al. , 2017) ; PEHP
BREE L =T T L) Ml DX 8 BT R 5 B AFAE 1. 96 ~
1.92 Ga 1 1. 87 Ga WZLZZ AR 1.9 Ga, 1. 88~
1.86 Ga 9 S BUAL 5 A R A F A (Yin et al. , 2009,
2011; Zhang et al. , 2017) ., XEEEHREY], ~1.85
Ga A K LR THL2E A, Ry
T A R 10 3 4G 0342 o =4 o B A T A A
B, IR HEEXT Columbia #8 At vy oo vir X M Joi e
ALHYIE B ( Dan et al. , 2012a; Ge et al. , 2013) ., {H
Joe ey, BUHig BN IZ 105k Y ~ 1. 95 Ga Fil ~
1.85 Ga M4 I — 72 BT A4 5 AL 2% A il AR AL (]
Sa-1.c-1), R ZFH DL w ol b e B A
RGMEN
4.3 SspRHTIE

FL2E A LIRS SRR Z 3 b B gl oA ok — A~ 2
A G — TR K f R E B Ee (i, 19825 BTk}
&, 1997 XBAEAE, 2005) , S&HRA FOhiE v E ik
1Y B B4 ( Zhao et al. , 2005; Zhao and Zhai,
2013) , i fh 57 5 b om L EL AT B A W B4R R AE
(Gao et al. , 2015) , HHIEEHE E R R HogoT R

PR B UTRE Tty AR AR TR A i 25 s IR h T AR LA
Bty A AR = AR AR A A 8 o B 5, A Mk
/D R A BB 9T B, bR Y IR R A R
HI B R R SR s R B A AL X 5T R b e
SR (Hu et al. , 2013; Wan et al. , 2013a; Zhang
et al. , 2015) , A8 FURE IR 3] Hp RS #H ( Wang et
al. , 2014; Gou et al. , 2016; He et al. , 2016)

Zhang 55 (2015) 7E 58 /R Z2 B Hu e AL 38 . A<
AR S A S U T4 ~ 2.5 Ga A
WahfE 8, SRTHE b HOR [R] R 7R % B ) ok &
PRV 3 A0 738 A FH (] 5d-1), ~2.5 Ga A3 EE A
() HE Rl RE5 5 RS8R Z Wb B[R FE A 7E 3. 0~
2.6 Ga MFiFE A (& 5d-2) , 51 L M Ee Fnb i 3%
Mo B i e 2R K DD s AR F AL, T HL, 5K T A
(2018) FEVLFEE B g i1t ~2. 7 Ga (W EJE &5
A, FRHSRZ Wb HAR v B8 A K R 2 mT i 2
H—EMETe I A, SRR Z W b 2. 2 ~
2.0 Ga WY S TE T4y im0 (B @ IR A%, 20125
Zhang et al. , 2015; FKMSL 5, 2018) , 7EBFAXAIES
A7 B[] {37 28 RRAE 75 18 55 B0 7 38 i bl £ 22 12 7 10
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