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Abstract: A suit of metamorphosed sandstones of the Wutai Group in the Wutai Complex, North Central North Chi-
na Craton was recognized recently. Their provenance and tectonic setting are vital for further understanding on the
Late Neoarchean crust evolution in this area. The metamorphosed sandstones are mainly composed of quartz, feld-
spar and clay cement. The petrographic characteristics show that they are greywackes, which is consistent with the
result distinguished by their major and trace elements compositions. The geochemical features show that they have
relatively large variation of SiO, content (64.51% ~71.80%), and relatively low maturity (SiO,/Al,0,=3.98 ~
4.73). Their chemical index of alteration (CIA), chemical index of weathering (CIW) and plagioclase index of alter-
ation (PTA) are 60~76, 63~91 and 61 ~89, respectively, which indicate that the protolith of the metamorphosed
sandstones was formed by rapid transportation and deposition of near-source weathered clasts. Compared with ratios of
immobile elements (such as Th/La, Sm/La, Zr/Hf, Y/Ho) of the potential source rocks, the provenances of meta-

morphosed sandstones are mainly from acidic volcanic rocks. This result is highly similar to those of sedimentary
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materials of the continental island arc which were mainly derived from acidic volcanic rocks. The discrimination

results of trace elements on tectonic setting also show that the characteristics of the sandstones assemble those of the

continental island arc. Consequently, we consider that the metamorphosed sandstones of the Wutai Group, North

China Craton, were formed in a continental island arc setting in the Late Neoarchean.
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( Bhatia, 1983; Bhatia and Crook, 1986; Condie,
1986; Murray et al. , 1991; McLennan et al. , 1993;
Murray, 1994 ; Fralick and Kronberg, 1997; Li et al. ,
2005; 1FEERAF, 2007; sKEEAE, 2017) , X T2
AN [) R A oV TR OB S R 10, LAk 2% o3 FH X
TIRE IR o R A FEEEASE R AL, R BT R
7 ER ORI IR 0 J7 1 Bl 77 HE B R B AN B o A, T
TG BTCER KL AR BRSO A5 Fa e 1T B A H %2
FA ) S Ay {E(Fralick and Kronberg, 1997) , 2AEM
KRR TEE A=Y Y 7 s 5L ah L, FH
UOB IR fb 27 5387 7 3 v DAARAS AR i TR 5 nl 4 Y
YR AN IE B 4 3 2R 5% 45 81 225 B ( McLennan et
al. , 1993; Fedo et al., 1995; Jahn and Condie,
1995; Fralick and Kronberg, 1997; Li et al. , 2005;
Yan et al. , 2006, 2012) .

B 2% Rl R T A ALY 1Y R 4
w AR TT i R R IR B
F R AR IR P 588 1 PR A7 8 Ak 1) 4
B, BT AR 6 2 A BT AR 4 5 ok 5 N
P PR 55 5 T AT 1B W WESE (W0 Liv e
al. , 2004; Wilde et al. , 2004, 2005; Li et al.,
2008; JrifinA:4F, 20105 $RANCEAE, 2013; BRE AR,
2015; Liu et al. , 2016a, 2016b) {1 1 & 44 ATE M
AR A 33 PR BE AT A A [R) 76 125, A 46 RVPE R ol (H
B 1986; 24k 1990; Wang ef al. , 1996; Liu S
W et al. , 2004; Liu C H et al. , 2016a) 38 Kptiil
%t (Guan et al. , 2002; Zhao et al. , 2007 ) FIHHT
RIA] 5 (Li e al. , 2008; E&NE4 ) 2013), Liu
Z5(2004 ) 38 1% T 6 A A ES R AL Y b3k
A Nd AR WEFE, 2t T 5 A p R I 5 11
AT RS BT R R IR RERE T
PRy L8RP B INrh AR R A . Li 48 (2008 ) 38
i A GRS BB S At ERf2E (Nd R 2 s
41 U-Pb 4R850 65 BE A8 BT AR A T 1T T 42

s A b, ERFEESE (2013) it L & A i
R A A AR E Y, R R R A T
T IR AT — 20 4 T & B DA T 9K
BCRE PRES . T, Liu %5 (2016a, 2016b) Xf 1. & B
LA AR R UTRRA T T R e 47 A A HhER
A2 Nd R R A5, 3 ih 5 B BT
NIRZHE

EARFER YR, A AN S 5E 102 B AR
DURE TR A RE Fr s (Lier al., 20085 ERNE A,
2013; Liu et al. , 2016a) , = %48 Fib-A 1A
58, wlt, BH NG AA IR R A iR —
TEEER A TP S, AT ORI S5
Ha 1 PR AT 5 5 23 R TR AN B A DB Kl AR
s bt 2% P, A SCHZ AR B A
AT T A A HERT 22 AT, A DT b R 1k 2% 5 1k
FFEC A A AR A A 28R I i Ho Ay o
HREFNE X KACRAE , 55 T HIE B 18 215

1 iR 5

HEZ AT Aedt s by i v du s 1 & i X
(B 1), FEHBHRHR TTC BFEAS KA
IR A kse e i, Hrh 2 Bl e e ko i
#, K EARESESA T o ISR iR
(B, 1986; Z54k=2%5 1990, B %%, 1999)
HERAE SR IE DR SR RIS U b R, 5
TEILZ% A DVETE T oy i (B, 19865 ZRVLHG4F,
1991; HK¥#E, 1991; Zhang et al. , 2009; 1),

WRIEAGHE A TREEREN, LEREA T
M 50 3 AR A IH A & MR 5 FLE
(HEE, 1986) , AR MR Z R A %I
RS WA WA TR AR RS
(BIF) Fil /b dt JK 2 20 A, 72 5T R B 35 3 AR TN 5 4
A I LU TR 09 b R AL 27 FE AR FAR AR 22 R 3R
B, A7 NEY B AG EE YU N 2. 53 Ga, JEBT R
& (EYHE%E, 20005 Wilde e al. , 2004; Li et al. |
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Fig. 1

2008; BRE4AE, 2015) , HATINHET SR P 72 b T AR R
AE( EHAR%E, 2000; Polat et al. , 2005; Li et al.
2008 ; BRZE4E, 2013) , Liu %5 (2016a) WTA K A7 0H
WERERIE T NG, & MR B BRI AR o
WA BB A A A i MO P
TR R R S A R B DT
R, A — S8 5T MK 2 R AR o 8 B K B A A= A
I, SRR AR, B A E AR A R R IZOE IR
T 2.55~2.52 Ga(Liu et al. , 1985; Wilde et al. ,
2004; Liu et al. , 2016b) , Wang %5 (2004 ) $£HiZ 1V
HEE BT 8 2 R IS 7k 2 o A b o
ZREHBM IS ERE, Liu % (2016a) H 4R
ERANIA LA AP e S oy R R P R iR N
AR ATAERS 2 513 Ma F112 523 Ma, #2418
WIE TR . P LA BBk b
WE VAT, bRk R M kL, kst

Geological map of Wutai area (after Zhang Shaoying et al. , 2017)

FEHAR T, AR R A B A
FIVAR T IR 3 AR B A A% T K i PLAE A FR
SEAE 2 350~2 150 Ma 6] ( Wilde ef al. , 2004; Liu
et al. , 2016a; Peng et al. , 2017) . JTHiA:%:(2010)
A B P A e A R B A AR R 2. 47+0. 03
Ga, INAHDUR T AR, A2 Uk b 5 iy
LR FER ZE, $87R i JUREIE BT BR K 3 I
DURREREE (1 HE, 1986) .

WEVCREAL TG REPU RS, 322t 6 S A Ak iR
HWAHM, SR AAER, WIS TR AR,
HAEKARMEBTIA AR EGEMCR, T
PRI A O IS 5 41 U-Ph 4E I A1 Lu-HE [F] 07 2 5045,
Liu %5 (2011) $2£ HIEIEHETE 2.1 Ga 5 U TG 4
Hi; 5 — iU B DU DA A T BE DU R B BE P Al
AT BN R R (AR A ARSE, 20105 Du et
al. , 2015) ,
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XA ABREAMLERKTASA (K LD), SHE
M2 MR, A5 2. 56 ~2. 52 Ga WSS TE
TTG ‘& % (Liu et al., 1985; Wilde et al. , 1997,
2005; Liu et al. , 2004; Wang et al. , 2004) 2. 18 ~
2.08 Ga M558 JE IE K BE A (Wilde et al., 1997,
2005; Du et al. , 2013; F:AIHLSE, 2018) F1 1. 8 Ga
RAMRBICAL R & (S, 1992), 535b, Bk H
A Z WM, BT i 1 2L 2 P AR (Peng
et al. , 2005; Hou et al. , 2006; Wang et al. , 2008)
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Fig. 2 Stratigraphic distribution in Wutai area (after Sun Jichao, 2018)
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Fig. 3 Field and microscopic characteristics of metamorphosed sandstones of Wutai Group
a b—PRIIE [ HES]; o d—AIEE P (+) 5 e AIREIRIE (+) 5 F—AIERB R R AHE(+)
Y45 5 3% Whitney and Evans (2010) ; Quz—f 3k ; Ser— = HF

a, b—orientation arrange of sands; ¢, d—directional lengthening of quartzes(+) ; e—flow structures and orbicular structures( +) ;

f—matrix formed by quartzes and sericites( +) ; mineral abbreviations after Whitney and Evans (2010) : Qtz—quartz; Ser—sericite

Acme 43T S0 RN, Se TG 2 7E MRS AR BTG I (7
WA BRAFITERL, HEFFRER0.02 ¢ FERIIAR , 5 1.5 ¢
LiBO, Bhas L i & T A BN R A, &
JEAE S HE R E AN 15 min, ANPEEE K 1050°C , 4R
Je B2 B T KR ACS S8031) 2 38 1 i 1 T i . 5%
W /) HNO, 100 mL, $#=BUE LS IR G 9 IHE A
Hor, #2582 h T, 205 BOL g —
SFEARFESHRE N, FEORES R X 5
LRV I )T 2 (XRF) #4704, LR R
LB & 45 B R BT (1CP-MS) 40 #r, EH TR
(AT E R 0. 01% , TR W ATk 107
~107, HP# £ RNkl 5x107° ~5x107,

3 4k

WS ERITR SRR, Sio, S &l
il R 64.51% ~71. 80% (~F- 34 68.24%) , TiO, 7 &
TWHEIR 0. 32% ~0. 68% (-3 0. 56%) , Al,O, & &
JEHEH 14, 25% ~ 17. 12% (P34 15. 74%) , Fe,0,"
RN 3.19% ~7.07% (1 4.30%) , MgO %

HILFEIN 0.14%~2. 73% (V1 1.22%) , CaO &
JEEH 0.25% ~2.86% (-3 0.62%) , Na,O &3l
FlN 1.02%~6. 11% (°F-3 3. 68%) , K,0 & =it
$]0.12% ~3. 62% (¥4 2. 14%) , P,0, FEJLHE K
0.08%~0.22% (¥ 0.15%) (% 1) , HE&H Si0, |
AL O P,0s 5 KR Fh5E (J5 A AR I 5
PAAS) ( Taylor and McLennan, 1985) #HiT, TiO, .
Fe,0," MgO CaO P05 &% S fRAK, 1M Na,O 2 i i
AP A1 Si0,/AL O, {Hh 3.98~4. 73 (°F-H4 4.35) ,
T A (86. 73) HI AP A (8. 86) , S
(4.94) AT, W] U BAR, TURY o 808
(Pettijohn et al. , 1972) , 552 MEAH—2L, TiO,
- Si0, ZFUA IR A MK E F R, BR 3 B S TEA
RUAEI A, KA TAEBIIBUA X, AR
YIaT 68 & A JOBR IR B8 )8 ( Winchester and Max,
1982, 1984) ,

AR D A G T R SRR (57%107° ~ 153
10°), B Lo RANEE, BRER TR MR
B[ LREE/HREE {H°~ 4.5~14.0, (La/Yb) N
5.3~15.8)] (W 4a), (La/Sm) N 3.4~4.6,
(Gd/Yb) (H1.2~2. 4 B LUK WA RT
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Table 1 Major(w,/ %) and trace(w,/10™) elements of the metamorphic sandstones from the Wutai Group
FEmS L5-H06.1  L5-H06.2  15-H06.3  15-H07.1  15-H07.2  L[3-HOI1.1  13-G08.1 14-D07 PAAS
Si0, 71.80 67.03 64.51 68. 10 67.42 69.28 71.09 66. 68 62. 80
AL, Oy 15.35 16. 67 15.28 17.12 16. 48 14. 65 16. 12 14.25 18.90
Fe203T 3.19 3.56 7.07 3.97 5.46 4.23 3.38 3.53 7.21
Ca0 0.25 0.27 0.35 0.27 0.35 0.36 0.27 2.86 1.30
MgO 0.81 1.73 2.73 0.61 0.70 1.23 0.14 1.78 2.20
Na, O 2.87 4.78 6. 11 3.65 2.54 1.02 2.64 5.79 1.20
K,0 2.70 2.10 0.12 2.34 2.43 3.62 2.77 1.06 3.70
MnO - 0.01 0.05 0.02 0.03 0.06 0.02 0.05 0.00
TiO, 0.55 0.64 0.58 0.58 0.68 0.52 0.64 0.32 1.00
P,04 0.16 0.15 0.17 0.16 0.22 0.10 0.18 0.08 0.16
LOI 1.90 1.90 2.11 2.19 2.70 4.75 2.38 3.15
Total 99. 67 98.93 99.10 99. 09 99. 12 99.90 99.75 99. 56 98. 47
Si0,/Al,04 4.68 4.02 4.22 3.98 4.09 4.73 4.41 4. 68 3.32
CIA 73 70 70 73 76 75 74 60 79
CIW 83 77 70 81 85 91 85 63 89
PIA 80 74 70 79 83 89 82 61
Ba 595 508 40 596 679 467 679 239 650
Co 15.3 23.7 60. 8 24.4 290.4 18.3 36.0 8.3
Ga 14.4 16.7 12.6 16.9 17.9 16.9 17.0 15.0
Hf 3.1 3.3 3.8 3.6 4.6 3.8 4.1 2.7 5.0
Nb 4.5 5.1 5.4 5.4 5.2 6.1 6.4 2.7 19.0
Rb 78 61 3 78 81 141 88 37 160
Sr 95 100 92 254 277 125 278 147 200
Ta 0. 40 0. 40 0. 40 0. 40 0.40 0. 50 0. 40 0.30 1.20
Th 5.8 5.8 5.7 7.4 5.0 7.3 6.5 1.8 14.6
U 1.5 2.0 1.8 1.8 1.4 3.9 1.7 0.4 3.1
V 88 113 72 95 111 85 96 49
Zr 129 135 141 142 197 127 150 102 210
Y 18.4 14.5 17.0 12.2 10.1 13.4 14.1 7.9 27
La 23 32 12 23 24 33 31 17 38
Ce 55 64 19 55 50 67 69 37 80
Pr 6.0 7.4 2.6 5.5 5.8 7.4 7.4 4.2 8.9
Nd 24 28 10 20 22 27 29 16 32.00
Sm 4.2 4.51 2.30 3.65 3.89 4. 64 4.88 2.67 5.60
Eu 1. 18 1.10 0.87 1.08 0.99 1. 11 1.21 0. 66 1.10
Gd 4.09 3.67 2.40 3.23 2.92 3.46 3.89 2.12 4.70
Th 0.58 0.47 0.45 0.43 0.36 0.46 0.52 0.30 0.77
Dy 3.13 2.70 2.86 2.38 1.90 2.36 2.85 1.69 4.40
Ho 0. 60 0.51 0.68 0.43 0.37 0.47 0.54 0.30 1.00
Er 1.81 1.56 1.95 1.36 1.04 1.32 1.53 0.80 2.90
Tm 0.22 0.24 0.27 0.18 0.17 0.21 0.20 0.13 0.40
Yb 1.39 1.61 1.62 1.29 1.13 1.52 1.42 0.89 2.80
Lu 0.20 0.27 0.24 0.20 0.18 0.22 0.19 0.13 0.43
Cu 36.7 2.0 4.5 16.2 27.0 25.8 37.3 33.9
Pb 1. 00 0.50 0. 80 1.50 1.40 1. 00 2.40 0.50
Zn 33 32 64 88 73 31 27 32
Ni 53 66 62 62 67 37 24 21
As 2.5 10.6 17.2 4.1 7.1 9.6 17.9 -
Se 14.0 16.7 7.8 10.6 15.1 11.7 13.3 5.8
> REE 126 148 57 118 115 150 153 83 183
LREE/HREE 9.5 12. 4 4.5 11.4 13.2 14.0 12.8 12.1 9.5
(La’Yb) y 12.0 14.3 5.3 12. 8 14.9 15.8 15.6 13.6 9.7
(La/Sm) y 3.6 4.6 3.4 4.1 3.9 4.6 4.1 4.1 4.38
(Gd/Yb) 2.4 1.9 1.2 2.1 2.1 1.9 2.3 2.0 1.39
d8Eu 0. 86 0.80 1.12 0.94 0. 86 0. 81 0.82 0.82 0.64
8Ce 1.12 0.97 0.80 1.15 1.03 1.00 1.09 1.04 1.03
La/Yb 16.7 19.9 7.4 17.8 20.8 22.0 21.8 19.0 13.6
Rb/Sr 0.83 0.61 0.03 0.31 0.29 1.13 0.32 0.25 0. 80
Sm/La 0.18 0.14 0.19 0.16 0.17 0.14 0.16 0.16 0.15
Th/La 0.25 0.18 0.48 0.32 0.21 0.22 0.21 0.11 0.38
Zr/Hf 41 41 37 40 43 33 37 37 42
Y/Ho 31 28 25 28 27 29 26 26 27
F, 0.97 0.79 -4.62 -0.59 -1.89 1.29 0.32 -0.36
F, -1.55 -0.99 -3.34 -3.03 -3.05 -0. 06 -2.64 -2.83

E: PAAS: J5 A RIS FIIF G145 ( Taylor and McLennan, 1985) ; CIA=[ Al,0,/( Al,0,+Ca0 * +Na,0+K,0) 1x100, PIA=[ (Al,0,-K,0)/
( Al,05+Ca0 " +Na,0-K,0) ] x100, Hr CaO " AR KRR ERT W14 Ca, E ALY FIER/3EL; CIW =[ Al,05/( Al,05+Ca0+Na,0) ] X
100; F, =30. 638 Ti0,/Al,0,—12. 541 Fe,0,( total ) /Al, 0, +7. 329 MgO/Al,0;+12. 031 Na,0/Al,0,+35. 402 K,0/A1,0,-6.382; F,=56.5
Ti0,/Al,0;-10. 879 Fe,0;( total ) /Al,0;+30. 875 MgO/Al,0;-5. 404 Na,0/Al,0;+11. 112 K,0/A1,0,-3. 89; {KT K H BRAVEE A« - 10
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FLICE, Eu.Ce #H AL (3Eu=0.80~1.12,
3Ce=0.80~1.15), La BY& M 12x107°~33x107°,
La/Yb {HIEFE N 7. 4~22. 0, AFEFES Z ] [F—JT
R E AT IR R T AR L 35K (B 4a)
JIT A RE b A T R LA A5 JE R AR F T
17 (PAAS) ( Taylor and McLennan, 1985) |+ /3 $%
i, FUEBSGT MM L O0ER, BRAR U R A
YR LK R - e 5

NAB SR S ) PAAS Br o AL A iR JT 2R ik M 1]
(B 4b) ATLIE Y, 500K & w385 Ko -3 &
IR, R 45 Th Nb Ta, & 5500

1000

a —o— NG EEmRLY

FE SRR T

il

Dy He FEr Tm

1
La Ce Pr

Nd Sm Eu Gd Tb

Yb - Lu

1.8x10°~7.4x10° 2. 7x10°~6.4 x10°°.0. 30x
10°~0.50x10"°, K& F¥EAICZE(LILE)Rb Ba iy
TR, T PAAS B4, 43R 3x
107°~141x107° 40x107°~679x107°, Sr HY&F &N 92
x107°~278%x10°°, Rb/Sr{} 0.03~1. 13, Ko
filiF PAAS(Rb/Sr=0. 8) , UtHAAR b A 32 2] X1k
YEH P52 %8 7N ( McLennan et al. , 1993) . #43 K
BTEAIGE(LILE) 5 K,0 BA RIS X &
(Rb 5 K,0 M & % r=0.97, Ba 5 K,0 RYHHE
FEr=0.81), ULHIRG L0 Pl T X TR N E
H (Bhat and Ghosh, 2001)
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Th Nb Ta La Ce Pr Nd P Zr Hf Sm Eu Ti Dy Y Yb Lu

Bl 4 AR B BRR B AT (R 00 R B B (a, ARUEALELME N Sun and MacDonough, 1989) Al PAAS
PRI TR B B (b, ARUEALEL(ELYE Taylor and McLennan, 1985)

Fig. 4 Chondrite-normalized rare earth element patterns (a, Sun and MacDonough, 1989) and PAAS-normalized spider diagrams

(b, Taylor and McLennan, 1985) of the metamorphosed sandstones of the Wutai Group
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Fig. 5 Fe,0,7/K,0 - Si0,/Al,0, diagram of the metamor-

phosed sandstones of the Wutai Group (Herron, 1988; date of

the metamorphosed sedimentary of the Wutai Group from Li et
al. , 2008; Qian Jiahui et al. , 2013; Liu et al. , 2016a)
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Fig. 6 Provenance diagrams for the metamorphosed sandstones of the Wutai Group
F, — F, KR E f# (4 Bhatia and Crook, 1986; Roser and Korsch, 1988; F, . F, Az UL3% 1) ; b—La/Th — Hf Elf# (& Floyed and Lever-
idge, 1987) ; c—La/Yb — SREE Elf# (i Allegre and Michard, 1974) ; d—La/Yb — SREE FElf# (i L1 %, 1986) ; e—Th/La—Sm/La &l fi#
(¥ Plank , 2005) ; —Zr/Hf —Y/Ho Efi#t (153 A8 Liv et al. , 2004; Wang et al. , 2004; Polat et al. , 2005; Liu et al. , 2016b J2 4 % F 44 ;
HAREFIRVEYE Li e ol , 2008; ERANESE, 2013; Liu et al. , 2016a)
a—VF, — F, diagram ( Bhatia and Crook, 1986; Roser and Korsch, 1988); b—La/Th — Hf diagram ( Floyed and Leveridge, 1987); c¢—La/Yb —
SREE diagram ( Allegre and Michard, 1974); d—La/Yb — SREE diagram ( Wang Renmin et al. , 1986); e—Th/La — Sm/La diagram ( Plank,
2005) ; f—Zr/Hf — Y/Ho diagram ( date of magmatism from Liu et al. , 2004 ; Wang et al. , 2004; Polat et al. , 2005; Liu et al. , 2016b and unpub-
lished data; data of the metamorphic sedimentary of the Wutai Group from Li et al. , 2008; Qian Jiahui et al. , 2013; Liu et al. , 2016a)
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VDA FHAE . L7 T B AR B B R R T 3R 05 69

REE 15358 90 (40 Zr Hf Sc .Y . Th %5) 7F
IKF BRI EEAR N, A5 32 AL IS B9 520, Ry
SRIEHETTR R, I — A 2 R AR, X T
TURE B I5RIR 1 PR ) 391 55 05 Tl AT B 2 98
7R X (Nance and Taylor, 1976; Taylor and McLen-
nan, 1985; Bhatia and Crook, 1986; Feng and Ker-
rich, 1990; Fralick and Kronberg, 1997), 7E La/Th
— Hf EIfi# (& 6b) .La/Yb — X REE [l (&l 6¢) Fil
La/Yb -~ X REE [Efi# (18 6d) h, FE RS FBRbA K
o AR IE T EME AR A ATV X/ b i
AN E I, K I A RER BN A LR R S5 19 1
AR RIIAUABE (Li e al. , 2008 ; 40245
2013; Liu et al. , 2016a) 5 1 £ Hb X H 8 16 1455
KAAS KIS (Liu et al. , 2004; Wang et al. ,
2004 ; Polat et al. , 2005; Liu et al. , 2016b M K&k
il ) MANTG ZhoT R O E AT L8R, 45 R WoR Th/La
{EA Sm/La fHTEA A A AR R RRE M df
TAEREAS R b 4 1) Th/La {H75 Bl K 0. 11 ~ 0. 48,
Sm/La fHE[E A 0. 14~0. 19( &l 6e) , Bk 5 H &
Hb X R M K 1125 (Th/La=0. 10 ~0. 97 Al Sm/lLa =
0.10~0.27) A AL, W5 MR M= A% (Th/La =
0.02~2.31 #1 Sm/La=0.05~0.23) .14 (Th/La
=0.09~0.76 F1 Sm/La=0. 17~0.40) F13A: 5 ( Th/
La=0.02~0.26 fll Sm/La=0.16~1.79) X 51 &,
[, AR Bbes Ze/HE AL 33 ~43, Y/Ho {H{E
FIA 25~31, 5 1 &G H X ER M K1l A (Ze/Hf =33
~42 Fl Y/Ho=21~31) mEW &, B & X5 FHE
YRR (B 6f) , X 46 a A b R A A7 AR 3 W 42 o
WE R DU £ 20k A TIRIE K ILE, A
MR PRI A i e s
4.3 EXRLEHE

AR R HURUE 3 B AL B 728 Jo A5 LS4 Y
SR, KT I AR AL, 8 R T A B ek
A2 AR R 23 B R DX Jo 2 XA e JE R 3
IA3% (Nesbitt and Young, 1982; Taylor and McLen-
nan, 1985; Mclennan et al., 1993; Fedo et al.
1995; Bhat and Ghosh, 2001; Joo et al. , 2005) , £
TR AR B(CIA) A2 AR B (CIW) (RHK
A1 1 AE 48 %0 ( PIA ) ( Nesbitt and Young, 1982;
Harnois, 1988; Fedo et al. , 1995) %%, TE115 CIA
1 PIA FEEL, JEA 0 CaO ™ WTHRETT 0 CaO "
=Ca0-5 P,0,/3, WRIHHEFH CaO” & T Na,O,
W CaO " B Na,O BYELCELHEAT CIA FI PIA 45 50H91T

B, RS CaO ™ KT Na,O, MRS
1 CaO " BUH ( McLennan et al. , 1993; Fedo et al. ,
1995) , WikENh 14-D07 THEJERY CaO ™ =2.73, kT
FE G Na, 0 B (5.79) , W CaO ™ =2.73 {1
CIA T PIA $5%k, HARAZRFW# CaO &K T
1%, HIGCH BABRERER 1L, RIBL, X 2678 Firb A5 i
CaO i ] PIE I RERRER T CaO ML & 2,
fe2 AR 15 5 CIA Fifb2= KUAL 48 20 CIw \f LA
N2 1R B O 5 VR X 0 I 2 DXL 52 1) 11 R B ( Nes-
bitt and Young, 1982; Fedo et al., 1995; Harnois,
1988) . HFEH T, A A WILFEEE B, CIA 484K
M, R RIERYEH S CIA F85UN T 50, Ky
BT CIA F8 80k 45, sRANRL A TTRL A P2
AU KR A SRR Y, CIA FREE IR
100, TLEBAS RN AR CIA ¥8E0CN 60~T76 (% 1),
CIW $8%00 63~91(F 1), X ECJE K AR A AT
U4 (PAAS) ( Taylor and McLennan, 1985) (Jt3& 11
Z#+(NASC) (Gromet et al. ,1984) FITTFE 220 va 7 i
B (ASC) (Condie, 1993) Y CIA 85 (43910 79
73 F181) Fl CIW 84 (430 89 .88 Fl1 94) , 4%
T, H AT TP A B R X 4 B AR 28 7 T 55 %
HEE I KARAE T, IRFRAE S R o D 0k S AR
PIESRREM) & . 535h, BHE A A FR S PIA $54K
R RS R BHE A B KL RE B, BreE A A
PIA $8%00 50, & &K 9 (s G R
S5 A A PIA 84001 35 100 ( Fedo et al. ,
1995) , H & BEAE R 75 19 PIA 850K 61 ~89 (£
1), R H GRS R L7 9 & A 22K
K, HEE LS I 4 1) 5 B A JEFRS 7 Al
(B30, ULBAASCAR BiRb 2 IR X i R 5 T
HEERR B XA . SRR 6 B 2 B T 65 D
P B R R AR S ), 2 D730 B 1

18 PR GO T AL
i bRTA, AR R A EEORIE T LA

X AR B R 1 S 1L B RAR P AR T 1
4.4 WEMMEREREX

FLEerE PR TO R I & i S M AR I ] T
FRUE B DR MR 3 BR800 300 3 1 T LA i 28 g Ay e
78 W DN ST SN W R PN Bk S S ETI DN
Ffi #1 % ( Bhatia, 1983; Bhatia and Crook, 1986;
McLennan and Taylor, 1991) . 5 Bf4% B A )
La Ce X REE & RGN, HAHCH R
JCR O H 5 KB SN — S AR B (1 Ew/ Eu” |
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Rb/Sr.Zr/Th La/Sc Zr/Hf) (£ 2) . SEBr L, BR T FXEMGERS HAH—B04E R, 7E Th - Sc — Zr/
T PERCER TR A, 2 T R =T AR I 10 La— Th — Sc PR (18 7¢ 7d) , HLERFEBRP AV LE

®2 IAETRMESHMMEDS STRUENMIKLFESEIILL
Table 2 Comparation of geochemical parameters between the metamorphic sandstones from Wutai Group and
different tectonic settings

1 PR 5% KR PNGEUE TN ILFHIPNTFUE- [T PN UL A AR D 2
w( La)/lO_6 8+1.7 27+4.5 37 39 24
w(Ce)/lO_(’ 19+3.7 59+8.2 78 85 52

w( ZREE)/IO_6 58+10 146+20 186 210 119
LREE/HREE 3.8+0.9 7.7£1.7 9.1 8.5 11.2
La/Yb 4.2+1.3 11.0+3.6 12.5 15.9 18.2
(La/Yb) s 2.8+0.9 7.5%£2.5 8.5 10.5 13.0
dEu 1.04+0. 11 0.79+0. 13 0. 60 0.56 0. 88
Rb/Sr 0.05+0.05 0.65+0.33 0.89+0.24 1.19+0. 40 0. 47
Zr/Th 48.0+13.4 21.5+2.4 9.5+0.7 19.1+5.8 28.3
La/Sc 0.55+0.22 1.82+0.3 4.55+0.8 6.25+1.4 2.1
La/Y 0.48+0.12 1.02+0.07 1.33+0.09 1.31+0.26 1.90
La/Th 4.26+1.20 2.36+0.30 1.77«1. 1 2.20+0. 47 4.77
Zx/Hf 46 36 26 30 39
. X R YE Bhatia, 1983 ; Bhatia and Crook, 1986,
1.0 0.4
FiEsh
08} °
03 i
= ° ~ 9
E‘U.b L ° @ < ’
e =02
T 04 3 .
b
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D

2 3 6 § 0
wiLa)/w(Sc)
B 7 TLAREAR DA T PR 5 K f# (JIE I YE Condie, 1986; Bhatia and Crook, 1986; TL& FEAS B AE Li e al. |
2008 ; 4RMEESE ) 2013; Liu et al. , 2016a)
Fig. 7 Tectonic setting discriminant diagrams for the metamorphic sandstones of the Wutai Group (after Condie, 1986; Bhatia
and Crook, 1986; data of the metamorphosed sedimentary of the Wutai Group from Li et al. , 2008; Qian Jiahui et al. , 2013;
Liu et al. , 2016a)
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KEFH AR IX I, 1E Ti/Zr — La/Sc IR (E Te) ,
A BB S TS ATE B R Rl i 2 X, (H E 25 AR
Rl R X8 ; 78 Th — Hf — Co FI SR Ao, )43
NSRG40 A X (1B 76) , ifE— 2B Ui AR
SCRP A N IE LT B R Rl i 2 SIVRRAE A ) 38 PR 4 2
i, S3Ah, TR B XUAAVE HIX S A Ak 52 e 45
/AN, FIFHEEITTREM, W7E Tio, —(Fe,0,"+Mg0)
Fl AL O,/Si0, —( Fe,0,"+MgO) it 1 PR 45 3] 53] 15 fie
H, G HEAR BT A AR S K I SR AR R —
H (Kl 7a.7b)

T B P A MELIE BN £ PSS AR ) e R AR
#4 2 535~2 516 Ma(Liu et al., 2016a), Li %
(2008 ) FFA5 1A REL AR AR SO AR o 8 T 5 A A 18 4
HT ~2.53 Ga, BREAE(2015) 38 i 4 A1 BELE A A
FRIRAE B 7 B9 LA-ICP-MS 4% #7 U-Pb M4ERF5T, #E
FETL GBI DUREFRAEIR 200 2.5 Ga, AU I
NI REG PRERE AR BURb 5 R s DU T K b i
ZOMAEE, WR G R )Z S 5400 e hm fhad
IR EI N BE T 2.5 Ga, 3% MR AR AR X HL 12 5 T /Y
WP A] WL —3E ( Wang et al. , 2010) . HGHEIE
W25, &1 2.3~2.2 Ga 8 2. 5~2.2 Ga Al
1.95~1.80 Ga MHIZEJTi (Wang et al. , 2010) , ANEE
FEETHA 2 LIS, KR Uiias
H~2.2 Ga(Du ei al. , 2015) , ML EHEAIAIE i S
eI 20 Z— W (Li et al. , 2010), i L ERE
T 5 FETE I B2 B A IX A= 3 A8 o AR T A
FH, RHA BRI L S TR 2. 5~2.3(2.2) Ga 1]
] % A 3 A8 AR JEAE H (Wang et al. , 2010; Zhai
and Santosh, 2011; Liu et al. , 2020) , 55 HARTEHL
AR DG, A SCHYRD A IE S T M IR) K A T
PR RIRAE N, HE, AR Tl A
IRk 9 SR B BT 4 A2 IV A R DORRUE 55 Sl
PIVEE v B I VR I o (o R I o< o R A e A |
YEM .

5 4t

H AR A A 2 ib s, Wik 32k
AR R YE s, IR IXCAE A g it 55 - h 4
WARAE HIFH e A TR E T o A b R T 2 2H B
FRAE 7 DT RR A A 1 PR 5 5 K i i & IR B b
AL
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