32 4 Vol. 32 No. 4 405~416

2013 7 ACTA PETROLOGICA ET MINERALOGICA July 2013
1 1 2 1 3
1. 100871
2. 100037 3. 300170

SO, 51.75% ~69.06% ALO;  11.99% ~20.39%

Eu La Yb y=3.10~19.20 Eu Eu* y
=0.90~1.13
TTG
2.53~2.50 Ga THERMOCALC SHRIMP U-Pb
~1.95 Ga bt
P588.34"4 P595 A 1000 — 6524 2013 04 - 0405 - 12

Geochemistry of garnet-mica schist in the Wutai Group and its geological
implications
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Abstract: Garnet-mica schist from the Shizui Subgroup of Wutai Group is chiefly composed of garnet, biotite,
muscovite, plagioclase, quartz and ilmenite, with a few samples containing epidote, staurolite, kyanite and
ortho-amphibole. Samples have SiO, 51.75% ~69.06% and ALO; 11.99% ~20.39% with a few samples
being poor in sodium. Samples exhibit higher LREE and lower HREE in REE patterns without obvious Eu
anomaly [ (La/Yb)y=3.10~19.20, (Euw/Eu” )y=0.90~1.13], and their high strength element composi-
tions and large ion lithophile element compositions are similar to those of classical shales in the world. Correla-
tions between related elements imply that clay minerals dominate the rock bulk compositions. Based on a series
of diagrams such as geochemical classification, heavy mineral accumulation, source rock and tectonic setting dis-
crimination, the authors found that the protolith of the rocks was shales without obvious heavy mineral accumu-
lation. The sediments mainly came from those coeval TTG rocks and/or basic rocks in Wutai area, and were de-
posited in an arc basin environment at about 2.53~2.50 Ga. Combined with the results of metamorphic equilib-
ria modeling using THERMOCALC method and metamorphic zircon dating using SHRIMP method, the authors have
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found that the garnet-mica schist experienced a kyanite-type metamorphism with a clockwise p-¢ path at ~1.95 Ga.

Key words: Wutai Group; garnet-mica schist; geochemistry; sedimentary source; sedimentary environment
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Fig. 1 Geological map of Hengshan-Wutai-Fuping area(modified after Kroner ez al.» 2006 and Li et al., 2008)
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Fig. 2 Petrographic pictures of Wutai garnet-mica schist(abbreviations for minerals after Shen Qihan, 2009)
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Table 1 Main mineral components and modal proportion of Wutai garnet-mica schist
FElS PER iRl Az BE BBt A oA S WA +5H ®TTWA Y R
W1036 18 10 15 28 2 1 = = = 25 0.5
W1037 20 12 12 23 2 0.5 - - - 30 0.5
W1038 22 12 15 25 1 0.5 - - - 22 0.5
W1040 20 18 25 1 0.5 - - - 25 0.5
W1050 19 5 20 5 - 0.5 - 5 8 35 0.5
W1053 15 12 13 5 1 0.5 2 7 3 40 0.5

e — ARFEA R BRI

1) 2 5 7T A B A8 v SR 2 CIE O
JRRLFR 50 77 0 0 K I 8 9200 = R ICP-AES
VEIEA T, DIARRS TE N 1% ~3% o AT TR J0 3R (M
TG E ) 43 AT AE db Bt K24 36 L R b 5 AL B
AL E R ICP-MS VAT, B AP RZ W, Liu
£5(2004) B5FE GSR-1, GSR-2 F1 GSR-5 4 F KA I
SRR, At a R 545 € 2% H 80 WK B2
M 2% ~12% o

3 A A R
3.1 EENTE

FikE 2 BE 5 R TR Hb BR AL 22 8 B TR 2.
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0.20% ~5.59%, K,O N 1.62% ~4.45% . 5Hi %
28 5 hy Ol T CASC) 1 38 A% 43 AH b (R 25
Condie, 1993), £ = BE 45 FF i () CaO 1% & AH XS
W MgO WS, HARITTHFEMIE . 55 KR
FV 5T 5 (PAAS) ( Taylor and Mclennan, 1985) #1
6L TTA (NASC) (Gromet er al.» 1984 )FH EL, £
BB KO FIE F 1 Fe, O3 R ITTE I & RAH
Ble FIRFES Y R IC SR IE S Li 45 (2008 )k
TE R G 2 AT R B A TR (MSWO AR AIE—
Ko B E I XA TR £ (CIA F1 CIW), . CIA
H 51~84CF 65), CIW A 57~95CF-# 74), 5 Li
Q008 KT A A BT CIA=66, CIW=74).
TEUTRR A Hu Ik Ak 2% 23 5 B T (Herron, 1988), #: i
PP N L BRI T A X 8 (] 3a). 7E THO, -
(Fe, O3+ MgO) B i (I 3b), 2 BOFE i A KV
5y 9ICR K Bl 25 9 Py 5 B 3, A A 0 AT 0 L S MSW

00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10
w(Fe,0,1+Mg0)/%

B AR R A AR 2B (ay Herrons 1988) AR MY AT 5] B (b, Bhatia, 1983)

Diagrams of protolith classification (a, after Herron, 1988) and tectonic setting discrimination

(b, after Bhatia, 1983) of Wutai garnet-mica schist
A— KRG B— KRG 8K C—i3 KRS D—REI KRS MSW—H & & BEATHE AL RS (Li e al. > 2008);
AR SCREN A5 R 2

A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive continental margin; MSW, metasedimentary

rocks from Shizui Subgrop of Wutai Group(Li ez al., 2008); hollow circles representing samples of this paper; other symbols as for Table 2
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Table 2 Major wy % and trace w 10”° element data of Wutai garnet-mica schist
W1036 W1037 W1038 W1040 W1050 W1053 ACS PAAS NASC
SiO, 54.54 60.80 52.01 51.75 62.95 69.06 60.95 62.80 64.80
TiO, 0.79 0.71 0.65 0.69 0.55 0.44 0.62 1.00 0.70
ALO; 20.39 18.37 16.83 17.70 17.16 11.99 17.50 18.90 16.90
Fe,05" 9.96 7.48 19.79 13.27 5.93 7.01 8.35 7.21 6.28
MnO 0.14 0.05 0.61 0.40 0.06 0.08 0.00 0.00 0.06
MgO 1.43 1.32 0.75 0.94 2.91 1.89 3.88 2.20 2.86
CaO 5.00 2.75 5.05 6.27 1.98 3.38 0.64 1.30 3.63
Na,O 4.06 1.76 0.30 0.72 5.59 0.20 0.68 1.20 1.14
K,O 1.85 3.97 2.14 4.45 1.62 2.11 3.07 3.70 3.97
P05 0.37 0.05 0.17 0.23 0.04 <0.03 0.10 0.16 0.13
LOI 1.06 2.34 1.58 2.61 1.15 3.29 - - -
Total 99.57 99.62 99.87 99.03 99.93 99.44 95.79 98.47 100.40
CIA 57 65 84 1 54 80 - 'y -
CIW 60 76 5 60 57 95 - X -
Rb 61.78 117.80 83.16 128.93 44.66 113.26 111.00 160.00 125.00
Sr 411.60 330.60 96.78 61.62 228.01 36.37 61.00 200.00 142.00
Y 20.15 11.50 35.19 22.61 10.72 12.43 28.00 27.00 -
Zr 217.6 177.3 143.20 144.09 116.51 101.49 151.00 210.00 200.00
Nb 14.22 11.54 8.52 9.80 4.95 3.006 11.30 19.00 -
Ba 1059 975.2 344.50 851.86 02.19 199.91 456.00 650.00 636.00
La 36.53 26.66 32.54 35.93 12.15 6.87 30.70 38.00 31.10
Ce 71.86 69.44 69.35 7815 27.35 14.61 60.90 80.00 66.70
Pr 8.55 6.11 7.83 8.21 3.03 1.70 - 8.90 -
Nd 31.32 22.15 28.56 0.38 11.54 6.72 27.70 32.00 27.40
Sm 5.6l .06 5.31 5.25 2.26 1.42 4.85 5.60 5.59
<u 1.76 1.20 1.54 1.56 0.73 0.56 1.12 1.10 1.18
Gd 5.00 3.67 5.21 4.90 2.28 1.62 4.55 4.70 -
Tb 0.65 0.45 0.76 0.66 0.34 0.27 0.71 0.77 0.85
Dy 3.44 2.24 4.53 3.55 1.98 1.81 - 4.40 -
Ho 0.71 0.42 1.09 0.76 0.41 0.44 - 1.00 -
Er 2.03 1.12 3.86 2.26 1.15 1.38 - 2.90 -
Tm 0.33 0.16 0.70 0.37 0.18 0.23 - 0.40 -
Yb 2.19 1.00 4.88 2.43 1.13 1.6l 2.43 2.80 3.06
Lu 0.34 0.16 0.74 0.37 0.17 0.27 0.39 0.43 0.46
Hf 5.26 4.23 3.65 3.70 3.25 2.88 4.50 5.00 6.30
Ta 1.15 0.88 0.86 0.99 0.65 0.37 0.84 1.20 1.12
Co 25.30 18.90 21.70 17.30 35.30 25.20 - - -
Th 4.32 4.84 5.21 5.49 .32 1.67 8.50 14.60 12.30
U 1.49 1.40 1.06 1.12 0.89 0.67 2.40 3.10 2.66
SREE 170.30 138.80 166.90 174.77 64.70 39.52 - 183.00 -
Eu Eu” y 1.01 0.95 0.90 0.94 0.98 1.13 0.73 0.66 -
La Yb y 12.00 19.20 4.80 10.60 7.70 3.10 9.06 9.73 7.29
SiO, ALOs 2.68 3.31 3.09 2.92 3.67 5.76 3.48 3.32 3.83
Fe,05" K,O 5.38 1.88 9.26 2.98 3.66 3.33 2.72 1.95 1.58
ACS Condie 1993  PAAS Taylor and McLennan 1985  NASC
Gromet et al. 1984 CIA= ALO; ALO;+CaO” +Na,0O+K,0 X100 CIW= ALO; ALO;+ CaO¥ + Na,0O X 100
CaO*  P,0s Fedo eral. 1995  Lietal. 2008
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FERLFISREEAN39.52 X 107 °~174.77 % 10°%,
(La/Yb)y=3.10~19.20(K 2), (Eu/Eu” )y =0.90
~1.13 BRRLBG A b HE AR o0 Z AL o X 14 4
Jras, SR O O W R A s s T,
THE Eu % . FEm SREE 5 ALO;(»=0.75)
A K,O =0.45)3 W IEAH KRR R, RS 09
A RESE TR A7 B 70 55 1 E 225 ) (Bhat and Ghoshs
2001).

FE I 58 TG RE KB T2k A 0% (LILE) 5

~5.26 X 10791 0.37 X 10 °~1.15X10"% Zr N
101.49X10°°~217.60 X 10 °(EK 2). #4 NEF
FATESFETENAEAREINEXLRRL 5
ALO; KR r=0.80: Th 5 ALO; MK RE » =
0.94), IE7RFE il K S F o8 A U0 3= FERAFAERS +
W4 (Bhat and Ghosh, 2001)-

P CUVES A AT B KR SEDTER T R B
FAe S 758 L R (W ZryTasThaTi 55 EHAH B &
ERET WIS, PRI mT ) A 0% oo 2 I Aok B e
W4 A0 16 HE R IR A 2 4 7 AR T T
(McLennan et al.> 1993; La Fléche and Camiré,
1996). £ Al-Ti—Zr =M EIE 5, Ff AL
RGUA RS, WA TR A K 43 5. {E Ta/La— TiCE
5b)F1 La/Sm— ThCE 50) Bl b, Ff i # ot &= e
BRI P BAS AR A 2K

758 76 % (HFSE) 8 57 AN A1 % 10 1
(Feng and Kerrich, 1990, 7E /K 1 fif BEAR /N H.
N5y 5% J 1A B AR Tk R PR 5 o, DR b LA AR
PR~ e ANTE B 70 AR A A TR A Sk U AN
R R 3 B 85 v Al fig Kk 22 4E H (Bhatia and
Crooks 1986). fE La/Th - Hf Ef# (& 6a), K%
BORE i 5 0% BIE B K Bl SRR K S SR PR A
PR, 7 TR X 4 o v i DA 9 0 FR JE P2 A TR
Gk E . 7E Th— Co— Zr/10 1 Th - Sc — Zr/10
=S EfECE 6b)FN Th - Zr #43& A 5 B CE 601,
JUT- BT AT BORE i 3 BN CREE/ KBl D 5 90 5% 55 B

ACS\PAAS F1 NASC AL, HE BT Ta 405004 2.88x 1076 30, SRR REIA 5 T HERL I TS DTRAM, 2 LUK 505t
10—
0.1F b B
B O MSW
«, & T
50.01 3t
WA
0.001 - NP B T R
Zr 300TiO, 1000 10000 1 10 100

w(Ti)/10°°

w(Th)/10°

B s LAAMaREA AT YRR E

Fig. 5

Discrimination diagrams of heavy mineral accumulation of Wutai garnet-mica schist

Al-Ti- Ze( B 51 A Garcia 5:(1994); Ta/La= Ti(b)AI La/Sm = Th(e) 5] F La Fléche and Camiré(1996); £ 5 [ 5] 3
Al=Ti-Zr (a) diagram after Garcia ez al. (1994); Ta/La—-Ti (b) and La/Sm - Th (¢) diagrams after La Fléche and Camiré (1996);
other symbols as for Fig. 3
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Fig. 6 Diagrams for discriminating source rocks (a, after Floyd and Leveridge, 1987) and tectonic setting (b » ¢, after Bhatia

et al. > 1986) of Wutai garnet-mica schist
A— KPR B— KR & IR C—if3l KRS D—W3 KRS LRF5 K 3

A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive continental margin; other symbols as for Fig. 3

A KAl S (Bhatias 1983).

PR W L e Ak AR T A%
TR R 55 MR T 2K 25 W AR O AR A0 VR A0 058 A 3 #4055 5
K (Bhatia and Crook: 1986; McLennan ez al.»
1993; Garcia ez al.» 1994; La Fléche and Camiré,
1996, DRIy HOBW A 40 2% B 43 e A5 AR BT IR T AR AL 2
Py RRZ P E RN —RIGHT, G5 K
TR JE B, CIA {EBE &, KA KA A K CIA
E/NT 50, A A7 13 LTS CIA {0 45, 351
A TR S CIA {E W5 100CLi ez al.» 2008)«
ARICFE A CIA A Y 65) /N T 54 005 1121 1)
fH(CIA=70~75; Taylor F1 McLennan, 1985), %
FE XA R B AR . 55 AL H8 BRI s A H 1)
WAL, Li 5520084 H . £ 5 B A HEL IV AR 119 242 o T
FUE A2 LG B 52 B2 B A AR i Ak, 52 i A
FH 5 SRR 35048 i 7 R s AR /s o A8 TR 440
TEHERL A B CE 5O, B ALOs TiO, Fl Zr A
KA L oy e, T T )AL HERR, AHOC W 58 7T
R+ 0 3R B AAEAE R AL, R AP0
B HERRUGT FEAK 2% B3 1) 52 W AN BH 52, B KK 5
FA TG EAM 0 E SR R R B R B
B T I AL AT g, 45 BT IA, A SCRE K4k
24 B AR VK A DR AN GO R g 2 T S

i+ 0 2 AR TR A P B 58 M8 UF (Nance and
Taylor, 1976, 2t Eu F 5 0T 1E R X 23 95 28 3 A

FE7 UL R W5 1 H 2245 bR (Taylor and Mclennans
1985; Gao and Wedepohls 1995). Condie(1993)3&
O AR S T s AL B 2 T34 Eu 53 4
10.86 #10.50, KR TTG MZ G A IR Eu ¢
W ¥ (Ew/Eu” )y = 1.00. A& SCHE 0 (Eu/
Eu®)y=0.90~1.13, *1-34 0.98, HE ¥ 2 1x K AR
TTG ML A B/ Ea® Dy LA, 300 H JmUs pi i
V)R] fig 2R B XA RIS AR TTG B/ f2E
Fi A1, La/Th — HE TUARPUE A5 B CE 6a) M, FF b A
(1) 73 A R A AR L H EDE 73X — 5. Li 5$(2008) 8
RIE TG B R AL TR S B A R b T
~2.53 Ga, 5 h &G X 8O AR TTG K5 A
(2.52~2.57 Ga) AL UK 1L 25 1 e 2 AR (2. 53 ~
2.52 Ga) Ak & L (Wilde er al.» 2004a, 2004b,
2005), & TH IS TTG F RS IR 2. 52
~2.48 Ga; Zhao and Kroner, 2007). Kk, Al =
BE R I SRR DURR ) 0T i 32 220 1 65 HB X PR e K
AR TTG K% A A4 UK g, ok H e L Fn R
TTG MTTRREL /N, X NI 2] T %K 5 A Sm-
Nd R ZFAE I SCRFCLE ez al . » 2008) -

Liu 2520048 1 1. & Hu X B K AR TTG K
AR 22 R Nd R, B, 3t 1B A BB R
TR R AR B AR, A RIS ) TTG 2K
FRANE . Polat Z£(2005)F1 Wang 5(2004)7E 1.6
FRERE LM A A K L R AL 22 A R 3 A, A
A MR R AR T b DR o R T BT AR R
A A A G RALRALT A 1 MORB - & K-35
LA A R, i A LA RSP ] R AR R AN Z )
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