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Abstract: Mafic granulites as veins or lens are commonly identified within Milan Rock Group and TTG gneiss in
Annanba area of Aksay County, Gansu Province. The granulite is composed of plagioclase ( Pl), orthopyroxene

(Opx), clinopyroxene (Cpx), amphibole ( Amp) and magnetite ( Mt), which is characteristic of typical medium-low
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pressure granulite facies rocks. Ti, P, Nb, Ta, Th, Hf, Sr and REE are well related to Zr of mafic granulites from
Annan area, which shows that these elements remained basically unchanged and kept stable during the metamorphic
process. Geochemical analysis shows that the mafic granulites belong to tholeiite series rocks, depleted in SiO,,
TiO,, AL O, and P,0;, and enriched in CaO, MgO, Mg"(41.52 ~43.09). The values of Fe,0,", MgO and CaO
are negatively correlated with Si0,, suggesting separation crystallization of pyroxene and amphibole during the evo-
lution of the magma. The chondrite-normalized REE patterns show right-inclined feature with no obvious Eu( Eu/
Eu® =0.91 ~1.01) anomalies, whereas the primitive mantle normalized trace element spidergrams are character-
ized by enriched LILE (such as Rb, Ba and S) and depleted HFSE (such as Nb, Ta, Zr and Ti), similar to the
typical feature of Phanerozoic arc basalt. Sr, Nd, Pb isotopic compositions suggest that the protolith of mafic granu-
lites was derived from enriched mantle, and underwent crustal contamination. Combined with the tectonic evolution
of southeastern Tarim, the authors hold that the protolith of mafic granulites was formed in island arc, and related to
a subduction environment. The formation process of mafic magma may be as follows: the mantle wedge was meta-
somatized by the fluid and simultaneously formed enriched mantle; back-arc extension took place under the mecha-
nism of subduction, which triggered partial melting of enriched mantle, and then the mafic magma moved upward to

the upper crust along the fissures to form gabbro or diabase veins; later, they were metamorphized into mafic granu-

lite under the granulite facies metamorphism.
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Fig. 1 Distribution of Precambrian metamorphic rocks around Tarim Basin(a, after Lu et al. , 2008 )and geological map of the

1—3

study area(b, after Gu Pingyang et al. , 2015)®
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1—gneiss member of Milan Rock Group; 2—marble member of Milan Rock Group; 3—amphibolite gneiss; 4—tonalitic gneiss; 5—granodiorite

gneiss; 6—plagioclase granite gneiss; 7—mafic granulite; 8 —Upper Pleistocene alluvial and proluvial deposits; 9—Middle Pleistocene glacial depos-

its; 10—monzogranite vein; 11—metamorphic gabbro vein; 12—metamorphic diabase veins; 13—carbonatite vein; 14—quartz vein; 15—fault;

16—remote sensing interpretation of fault; 17—study area; 18—left slip fault; 19—sampling site
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Fig. 2 The outcrops and metamorphic assemblages of mafic granulite in Annanba area( — )
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Opx—orthopyroxen; Cpx—clinopyroxene; Amp—amphibote; Pl—Plagioclase
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Fig. 3 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spidergram (b) for mafic

granulites in Annanba area (norm values after Sun and McDonough, 1989)
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Table 1 Major element (w,/ % )and trace element (w,/10 "°) compositions of mafic granulites in
Annanba area, Aksay, Gansu

JOE Pm023-18-1 Pm023-18-2 Pm023-18-3 Pm023-184 Pm023-18-5 Pm023-18-6

Si0, 48.40 49.47 48.26 48.18 48.20 47.77
TiO, 0.76 0.64 0.74 0.74 0.75 0.87
Al, 04 14.49 14.69 14.63 14.42 14.77 15.09
Fe, 05 3.27 2.99 3.13 3.12 3.17 3.14
FeO 8.89 8.14 9.27 9.24 8.92 9.16
MnO 0.18 0.18 0.18 0.18 0.18 0.17
MgO 8.82 8.20 8.72 8.79 8.79 8.51
CaO 10.41 10.71 10.24 10.32 10.55 10. 44
Na, O 2.13 2.46 2.10 2.16 2.18 2.27
K,0 0.67 0.58 0.65 0.66 0.61 0.64
P, 04 0.07 0.06 0.06 0.06 0.06 0.07
LOI 1.90 1.86 1.98 2.07 1.79 1.85
Total 99.99 99.98 99.96 99.94 99.97 99.98
Mg* 36.51 36.87 35.75 36.01 36.55 35.39
La 4.81 4.57 4.68 6.24 4.98 5.03
Ce 11.02 10. 80 11.60 14.40 11.90 12.50
Pr 1.78 1.50 1.76 1.86 1.66 1.83
Nd 9.85 8.79 8.81 8.94 8.60 7.47
Sm 2.77 2.52 2.46 2.48 2.43 2.15
Eu 0.86 0.69 0.84 0.80 0.82 0.88
Gd 2.50 2.01 2.95 2.87 2.53 3.30
Th 0.46 0.35 0.54 0.50 0.43 0.56
Dy 3.15 2.31 3.56 3.46 2.82 3.72
Ho 0.71 0.49 0.76 0.70 0.61 0.78
Er 2.23 1.43 2.18 2.09 1.72 2.23
Tm 0.30 0.22 0.33 0.31 0.26 0.34
Yb 1.51 1.46 2.05 1.92 1.67 2.20
Lu 0.25 0.23 0.32 0.29 0.26 0.34
LREE 31.09 28.87 30.15 34.72 30.39 29.86
HREEE 11.11 8.50 12.69 12.14 10.30 13.47
SREE 42.20 37.37 42.84 46.86 40.69 43.33
3Eu 0.98 0.91 0.95 0.91 1.00 1.01
dCe 0.91 0.99 0.97 1.01 0.99 0.99
(La/Yb) y 2.15 2.11 1.54 2.19 2.01 1.54
(La/Sm) g 1.09 1.14 1.20 1.58 1.29 1.47
(Gd/Yb) 1.34 1.11 1.16 1.21 1.22 1.21

Ti 4 555.43 3 836.15 4 435.55 4 435.55 4 495.49 5214.77
Ba 103.20 126.00 99.20 114.00 95.50 85.20
Rb 24.08 18.65 19.38 18.27 16.38 17.51
Sr 179.20 224.90 186. 60 195.10 201.30 181.20
Y 12.20 12.40 23.00 20.40 17.10 24.30
Zr 42.90 37.10 40.20 40.10 50.60 55.20
Nb 2.20 2.39 2.78 2.50 2.48 2.94
Th 0.22 0.18 0.24 0.26 0.21 0.23
U 0.17 0.15 0.15 0.19 0.15 0.13
Ga 16.90 16.10 17.30 16.80 16.90 17.50
Ni 98.10 78.40 101.00 95.00 90.80 93.20
Cr 241.00 170.00 248.00 250.00 244.00 234.00
Hf 1.80 1.31 1.52 1.28 1.65 1.93
Sc 23.40 17.10 45.20 41.60 35.20 43.40
Ta 0.29 0.28 0.26 0.20 0.15 0.25
Co 52.60 45.80 58.50 55.40 51.00 53.60
Li 7.26 8.36 7.58 7.30 7.23 5.74
Be 0.45 0.41 0.64 0.48 0.42 0.55
Pb 5.20 5.65 5.06 5.40 5.48 6.74
Cs 0.75 0.76 0.94 0.74 0.68 0.48
Sn 83.30 83.20 87.40 87.80 92.30 85.90

Ge 2.08 2.07 1.99 2.28 2.09 2.19
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Table 2 Sr, Nd and Pb isotopic compositions of mafic granulites in Annanba area, Aksay, Gansu
FE b 2 5 Pm023-18-1 Pm023-18-2 Pm023-18-3 Pm023-184 Pm023-18-5 Pm023-18-6
8 Rb/%0Sr 0.388 1 0.2393 0.299 8 0.242 2 0.221 4 0.278 8
87Qr/80Sr 0.723 81 0.719 85 0.721 53 0.716 01 0.715 21 0.716 38
2¢ 0.000 03 0.000 03 0.000 09 0.000 08 0.000 04 0.000 02
(¥8r/308r), 0.709 44 0.710 99 0.710 43 0.707 04 0.707 01 0.706 05
478m/ 1 Nd 0.170 0 0.173 1 0.168 8 0.1815 0.177 0 0.174 3
N/ Nd 0.512 233 0.512 294 0.512 145 0.512 441 0.512 399 0.512 303
lo 0.000 004 0. 000 006 0.000 005 0.000 008 0. 000 005 0. 000 008
("Nd/'"™MND, 0.509 362 0.509 370 0.509 294 0.509 375 0.509 409 0.509 359
eNd( ) 0.90 1.07 -0.43 1.17 1.84 0.85
206 p},,/204 pl, 18.162 16.538 18. 602 16.797 16.157 16.651
20 0.003 0.003 0.004 0.003 0.005 0.004
207 ph,/204 phy 15.746 15.435 15.650 15.431 15.378 15.433
20 0. 006 0. 006 0.004 0.004 0.004 0.005
208 p},,/204 pl, 38.233 35.652 35. 649 36.499 35.707 35.303
20 0.003 0.01 0.01 0.011 0.007 0.01
(26 ph/24Ph), 17.245 15.793 17.771 15.810 15.389 16.110
(27Ph/?%Ph), 15.588 15.306 15.506 15.261 15.245 15.340
(28 Ph/2%Ph), 37.893 35.396 35.268 36.113 35.399 35.029
tpy/Ga 3.18 3.19 3.38 3.33 3.1 3.25
tapu/ Ga 1.24 1.16 1.36 0.96 1.02 1.15
eSr( 1) 114.04 136. 15 128. 16 79. 88 79.45 65.83

AN EEAG, 49 0. 512 145 ~0.512 441;'Sm/"™ Nd
fH4 0.168 8 ~0. 181 5:*°Pb/*™Pb {4 16. 538 ~
18.162,*7 Ph/™ Ph {H /T 15. 378 ~ 15.746 2 |1,
5Ph/*Ph {1k 35.303 ~38.233. MLHERRKL A R
B AR £ =2 561 Ma( ST BH%E, 2018) X St/*Sr
WA A e NdCe)« g SrCe) Pb [A 47 % FLAE 25 04T
T8

5.1 TRUEPTENFESME

TR A RN AR A O 2% 3 BUK I 12 A1 e
# LILEC @l K\Rb. Ba. Cs) 245 W & (35 s 1k, 1M #4
1765 REE L K43 i3 9 UG % HFS(Nb. Ta. Zr.
Hf\Th REE. Ce U Ti) 7£ 15 2 A% Ji A F A 7R B8 AH %
F2 7€ (Hajash, 1984; Becker et al., 1999; Escuder-
Viruete et al. , 2010) o % Fg WL TR KL 7 J5UA &
I3 T RREL 5 AH 2 AR T, DR I8 2 A e ) A A
IR Z Wi M e R G shitk . Zr SH IR E
AR £ P v PR AR S e 8 31 G 3R 9 A 4k 7 A LA
(775, IR R H R <0.75 Bl ARG S e %, £
A5 AR R b 4 kAT R (Polat et al. , 2002,

2009, 2012; Polat and Hofmann, 2003; X 4%,
2013) o 2RIV TR 7T Tiw P REE\Nb\Ta . Th.
Hf.Sr 25 5 Ze AHC B (B 4a ~ 41D, 5 iR ICER
AIEL, W 8h 6 % K NaRb 255 Zr AT W] 8 A C
PE, TG R BT B 45 ~ 41D . IX R TiL Py
REENbTa-ThHf\Sr %5 JG & 75 7% i ik 72 rp R FF
AFGE, 7T H R UA A A
5.2 ARAMBA

RS2 AR AR S BN ) T R AT T A s
YA o 2 v WUBE R TURK KL 25 FF o 7E Zr/Ti0, —
Nb/Y i b Jir AR b 2 5 30 W0 v 25 0o X C &
5a), 1t Zr/P,05 — Nb/Y FEf#ECE 5b) b, H il —5
ORFE i JE TR X s R

B LR 2R B % 22 w0 M X Bk T RR R S 1
Fe,0,"\Mg0O.CaO 5 Si0, % & 5 5 AH G CE gD , fi
IR RCE A A R T RE R A T OREA S A I A A
BEER W) o e 5 AE . ALO, Eu 5 Sio,
B B TC U A S CPEIME ), F i U b A v A4 ik I
Kl ERILA BaSr IES#H, H Eu 5% AW 12.C0.91
~1.01), Ut BILE A B 72 b AT 1 23 53 46 i
TERA B B i X EH B AHK AR, 5450
TR AT EREC~ 40% )W) .
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