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Petrology., geochemistry, formation environment and ages of
Precambrian amphibolites in Alxa region

SHEN Qi_han, GENG Yuan_sheng, WANG Xin_she and WU Chun_ming
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: Petrology, geochemistry, formation environment and isotopic geochronology of Precambrian amphibo-
lites in Alxa area are reported in this paper. Amphibolites in different group complexes, formation complexes and
complex rock bodies all crop out in layers, and their protoliths are mainly ferrian tholeiite characterized geochem-
ically by high potassium and titanium as well as rich REE and LREE. These characteristics are remarkably dif-
ferent from features of typical oceanic tholeiite, TH| and TH> tholeiite of Archean rock assemblages. Various
geochemical diagrams indicate that amphibolites are mainly formed in an intraplate environment characterized by
intraplate depression or epicontinental faulted depression. Isotopic geochronology shows that amphibolite in
Diebusige group complex was formed in Neo_archean. Ar_**Ar age and isotopic age of hornblende from biotite_
bearing amphibolite are 1 918 Ma and 1 919 Ma respectively, suggesting that they underwent metamorphism of
amphibolite faces in Paleoproterozoic. Amphibolite in Bayanwulashan formation complex was formed between
2271 Ma and 2 264 Ma. Amphibolite in Boluositanmiao gneiss complex was intruded by granitic gneiss of 1 818

Ma and 1 839 Ma. According to geochemical characteristics of amphibolite in the complex and the same sort of
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rocks in Bayanwulashan formation complex, it is concluded that it was formed in early Paleoproterozoic. Accu-

rate isotopic chronological data of amphibolite from Delhetongte formation complex in Alxa Group are not avail-

able, but the average zircon ion probe age of garnel_muscovite_biotite_quartz schist in the same layer is 1 363

Ma, which indicate that the amphibolite was probably formed in M eso_proterozoic.
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Table 1 Chemical composition ( wg/ %) and trace element ( wy/ 10™ ®) of Precambrian amphibolites from Alxa region
AN JTHS 3 B e 3 38 S R R OR
Bp AT 1 R A HIIES ¢4
ALOOS ALO17 ZHQ9 AL091 AL098 ALO20 AL024  AL210 AL212  AL223 AL243 Q12  ALO57 ALO83

Si02 49.00 52.32  46.83 45.09 48.65 44.8]1 46.41 46.93 49.17 41.52 48.49 49.65 53.05 52.50
Ti0, 0.85 0.78 1.20 1.91 1.49 1.62 1.40 2.85 1.70 2.24 1. 19 0.68 1.99 0.93

Lzl Al 0TI Py A RS S e

AlLOs 15.73  18.26 13.89 14.32 14.68 18.10 15.93 13.54 17.63 16.99 17.06 14.98 14.95 18.56
Fea04 2.96 3.80 1.72 3.52 3.80 2.34 2.60 3.37 1.50 3.07 2.17 1.35 3.90 1.91
FeO 7.04 5.41 8. 68 13. 60 7.78 10. 65 8.50 12. 05 8. 28 13.96 7.17 7.84 5.14 7.40
MnO 0.16 0.18 0. 14 0.33 0.20 0.23 0.19 0. 38 0.16 0.29 0.17 0.15 0.16 0.27
MgO 7.93 4.55 8. 54 7.39 6.57 4.74 7.75 5.29 4.71 5.23 7.28 6.41 4.47 3.53
Cal 9.40 5.97 12.04  8.95 10.46  8.94 9.56 10.78  10.97  11.47 8. 11 13.53 8. 84 12.26
NayO 3.06 3.85 2.53 1. 14 2.57 2.76 2.71 1.26 2.72 1.95 3.10 1.63 4. 44 1. 16
K20 1.49 1.92 1. 06 0.61 1.52 1. 98 1.76 0.96 0. 56 0.94 1. 89 0.92 0. 64 0.43
P205 0.18 0.39 0. 06 0.18 0.14 0. 39 0.17 0.25 0.26 0.03 0.26 0.09 0. 37 0.24
H,0* 1. 56 1.70 1.28 1.82 1.28 2. 48 1. 66 1. 46 1.20 1.36 2.48 0.91 1.18 0. 80
CO; 0. 54 0.36 1. 40 0.45 0.27 1.00 0.73 0.54 0.45 0. 66 0. 62 0.49 0.18 0.36
Total 99.90  99.49 99.37 99.31 99.14 100.00 99.37 99.66 98.86 99.05 99.99 98.63 99 31 100.35
Cr 234 28 118 126 14 187 167 96 317 93 79 164
Ni 142 83 48 60 4 85 51 48 95 44 65 68
Co 39 26 43 34 28 38 66 47 77 43 23 32
Sc 25 17 42 27 25 23 42 26 63 23 15 27
Rb 30 28 18 59 61 33 23 14 24 87 7 4
Ba 568 879 419 154 605 177 409 204 52 427 473 291
Sr 315 590 114 246 517 318 146 383 378 491 766 632
Ga 15 18 19 21 22 21 28 27 30 23 21 17
Ta 0.6 0.5 1.2 1.6 1.1 2.6 0.4 1.2 0.5 0.5 2 1.6
Nb 7 58 15 19 14 11 4.6 17 5 6.4 22 4.2
Hf 2.9 150 5 e 3.5 3 5.8 4.4 4 2.9 4.3 3.2
Zr 90 49 94 117 91 115 187 153 126 110 142 97
Y 2 7 32 30 29 15 48.66 21.88 41.97 16.82 22 17
Th 1.5 0.8 2.6 3.4 1 0.7 0.3 1.1 0.5 1 1.7 1.9
U 0.3 0.2 0.8 1.8 1 0.4 0.6 0.3 0.4 0.5 0.5 0.6
Th/Ta 2.5 1.6 2.2 2.1 0.9 0.27 0.75 0.92 1 2 0. 85 3.2
Th/Th 3.8 1. 86 2.2 2.9 0.8 1.4 0.21 1. 64 0.42 1.5 1.8 3.8
Th/Hf 0.52 0. 28 0.52 0. 85 0.29 0.23 0.05 0.25 0.13 0.52 0.4 0.59
Ta/Hf 0.21 0.21 0.24 0.4 0.31 0. 87 0.07 0.27 0.13 0.21 0. 47 0.19
La 16.46  17.23 29.20 32.24 22.62 10.05 8.59 19.19  7.83 17. 60 27.10 15.55
Ce 32.00  33.59 72.31  87.28 55.96 20.45 20.63 43.32 1527 37.30 61.75 33.53
Pr 2.96 3.03 7.26 8.97 5.74 2.28 2.92 4. 67 2.13 3.78 6. 11 3.57
Nd 14.25  13.35 35,73 40.35  29.09  11.69 17.27 22,15 13.73  19.90 28.64 17.65
Sm 2.89 3.02 8.41 8.56 6. 80 3.06 6.77 522 5.56 4. 54 6. 69 3.02
Eu 0.98 1.03 1.50 1.27 1.73 1.10 2.00 1. 68 1.77 1.42 2.04 1. 18
Gd 2.74 2.55 9.74 9.16 8. 04 3.35 8.69 5.19 7.17 4. 05 8.17 3.83
Th 0.39 0.43 1.21 1. 19 1. 19 0.51 1.41 0. 67 1.18 0. 67 0.97 0.53
Dy 2.53 1.85 7.09 6.32 5.90 3.33 9.49 4.49 8.23 3.52 5.16 3.38
Ho 0.50 0.37 1.45 1.24 1.23 0.68 1. 87 0. 80 1.62 0. 62 0.98 0. 68
Er 1. 44 1.09 3.61 3.52 3.40 1.79 5.89 2.43 4.86 0.99 2.57 2.02
Tm 0.21 0.16 1.45 0.51 0. 47 0.24 0.72 0. 33 0.62 0.24 0. 30 0.28
Ybh 1.34 0.81 3.06 3.14 3.01 1.53 5.10 2. 4.00 0. 66 2.00 1.87
Lu 0.22 0.14 0.50 0.46 0.51 0.25 0.74 0.30 0.56 0. 24 0.33 0.31
ZREE  78.91 78.65 181.50 204.20 45.69 60.51 92.09 112.50 74.53 97.53 152.81 8§3.30
(La/Yb)x 8.09 14. 01 6.29 6.76 4.95 4.33 1. 11 6. 05 1.29 6. 98 8.92 5.48
SEu 1. 06 1.12 0.51 0. 44 0.72 0.03 0.81 0. 985 0. 87 1. 00 0. 85 0.93
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Chondrite_normalized REE patterns and spidergrams of trace elements for Precambrian amphibolites from Alxa region
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Table 2 ¥Ar/*Ar laser step_heating analyses of hornblende from Sample AL11

. 39 * - i
f#fi ’I:[.;'j‘g‘ (AT AN AN (AT AN (AT AN, U“ﬁ - (PAr i’ll':"\ W e R f’i; £
I 420 246. 87 0.0729 3.6948 0.489 58 1110 226.3%0.1316  3.69  2403.41%175.6
2 540 82. 58 0.056 1 2.7173 0.30674 2060 66.39%0.033  6.84  1078.70£28.88
3660 124.71 0.0459 4.3983 0.434 48 2012 111.8%0.053  6.68  1563.58%57.56
4 780 162. 19 0.0325 5.1559 0.345 52 2. 843 153. 5 0. 063 9. 44 1916.45%75.76
5 900 161. 39 0.029 4 6.046 1 0.36397 3. 142 153. 8 0. 063 10. 40 1918.62*76.57
6 1 000 159. 63 0.0240 8.029 1 0.349 39 3. 829 154. 0 0. 061 12.70 1919.92*74.57
7 1 100 159. 38 0.023 4 7.2667 0.37323 4.916 153. 8 0. 063 16. 30 1 918.35£76.02
§ 1220 158.43 0.0205 8.094 7 0.360 08 5.606  153.8+0.0619  18.60  1918.73£74.55
9 135  161.66 0.033 3 10.8380  0.52833 2763 153.80.0749  9.18  1918.72£89.68
10 1500 170.95 0.063 6 10.2010  0.50573  1.808  154.1%0.077  6.00  1920.55%93.10
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Table 3  Single grain zircon dating of amphibolite AL104 using the stepwise evaporation deposition technique on the mass spectrometer

. A T [ 250 R 20) w5k gL 20) o
WS S NS S o O Hi A iliA
ppsM6pL 207ph/2%phL Mphy b (PPh/™Ph) T AEER(Ma)
1 25 0.09968%57 0.14247 36 0 0.14247 %36 300Hm x 2008m, 147, 200, AR, A
1 Hrah, B A0 B, 200 AR N, AT R AL
220 0.12090%17 0.143 62 264 0 0.14362%164 227118 HW]E i
2 1 30 0.15769%55 0.143 04 %22 0 0.14304%22 22643 280Hm x 200Hm, 2 ¥, 8547 HF A0 [A) B0k 1

Fi deh S FRaE R PUBIBT B, NS ForyiBlUS 073 00 SO ALE Block $CH), R4 Block th 8 SATRIFIMG . (P77Pb/ 2Ph) * Zeop O T 1k
DRLES 10 1) 407 3% AR . 05 5 244 Kober( 1986) S HH Sl 30— %5 ( 1988) FIA 2 25 1995) ek (f) 7 i idb Ay . e gl X9 K v A ol 18 b Jo Rk 2% ot
b JERIF AT T [0 B O A 5 S 0 MAT 261 % Loe b, G HY 25190 oh oo T 5 I 2 4 52 S0 sz, e 2R RIS, Ph (X BEAS T4 SR 24
900, 3% , VI 0 5 (020 Ph 10 RE IR, AR 2 LA 95% TN IER AT,

T4 A8 SHARNERBTRIOMER
Table 4 SHRIMP analytical data of zircons from Sample AL48

Mofr % Wk WoOE B/ Ma

U Th  2p}° 206,

e Th/U ‘ 2065y 5 238y 207y 4 2357; W07y 206

’ wy/ 107 ° /% (P—ii/;' ]L (P-ll)-i/, ‘ {PI;% )Ph Hoppy iy Ty 2Pl
1.1 129 87 4.6 0,70 0,51 0.3124%2.6 4.80+27 0.1115240.70 1753 +40 1824 +14
2.1 1361 96 354.0 0. 07 0.01 0.3025%2.5  4.70%2.5 0.11274F0.31 1704 £37 1844 £6
31 173 101 45.7 0. 60 0.85 0.3068F2.5  4.72F2.6 0.11166%0.74 1725%38 1827 £13
4.1 1430 86 379.0 0.06 0. 00 0.3084F2.5  4.82%2.6 0.11336%0.45 1733%38 1854 8
5.1 654 93 187.0 0.15 0. 05 0.3320F2.5  5.24%2.5 0.11445%0.30 1848 *40 1871 *6
6.1 522 109 137.0 0.22 0.05 0.3043+2.5  4.82*2.6 0.11500%0.79 1713 %38 1880 %14
7.1 180 143 50. 1 0.82 0. 38 0.3235%2.5  505%2.6 0.11330%0.65 1807 *40 1853 %12
8.1 214 69 55.0 0.33 0.03 0.2982F2.5 4.52%2.6 0.11001 £0.59 1682*37 1800 £11
9.1 129 86 34,4 0. 69 0.16 0.3091F2.6 4.76%2.7 0.11170%0.81 1736%39 1827 £15
10. 1 903 108 229.0 0.12 0.04 0.2957%2.5 4.52%2.5 0.11083%0.26 1670*37 1813 %5

s I LA 10 2%, Ph, I Ph" 43 SR 60 S AR R R, A 4 SRS T 0 s (P P 0 AT T ORIE L AR B
Lk]iuylﬂ ol Ml TTRIE S B AL BT B L ) SHRIM P IT b BBl 300 5 75 03 ik 47, #0404k B 4% Willians( 1998) Fl Nelson( 1997) Fi 1 k4T .
JIARHERS 47 SLI3 BEIE U F i brdfERh U= 238 x 107 %, 1= 572 Ma), JIARHER A7 TEM EZIFAEER(BRMENT N 1= 417 Ma), BEAF BT bR

FETEM M5 3 AFESL . AFBRHERAT TEM (% U/ P 200706 25 45 0. 8% ~ 2. 3% . MU R 2658 4% 2R TPV P 2"Ph AR IS EAT g .
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Fig. 7 *Pb/*U - Ph/***U concordia diagram of zircon from Sample AL48
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