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Abstract Amphibolitic and gabbroic rocks occur in Tarlang area in Chinese Altay. Amphibolites are metamorphosed products of
mafic magmatic rocks (Si0, =45.42% ~52.96% ) and contain high Al,0,(13.14% ~17.92% ), Fe,0;(9.08% ~16.88% ) and
TiO, (0.82% ~ 3.23% ) contents. The amphibolite samples show relatively flat REE patterns, without significant fractionations of
REEs (La/Yb, =1.53 ~1.79). These samples are depleted in HFSEs slightly, with slightly Ti-Nb-Ta negative anomalies, which
suggest a subtle relation to subduction-related environment. The gabbroic samples ( S10, =46.96% ~ 49.86% ) have intermediate
Ti0,(0.38% ~1.89% ) and relatively low K, O contents (K,0 =0.34% ~1.03% ), belonging to subalkali rocks ( Na,O > K,0).
They have relatively high Al,0,(15.0% ~20.81% ), CaO (10.13% ~ 11.60% ) and moderate MgO (7.3% ~ 8.3% ) contents.
The gabbroic samples show two types of REE patterns. One is characterized by slight fractionation of REEs ( La/Yb, =1. 10 ~ 1. 67)
and weak Eu anomalies (§Eu=1.03 ~ 1. 10), while the other is enriched in LREEs (La/Yby =5.97 ~6.39), with significantly
positive Eu anomalies (§Eu =1. 31 ~1.44 ), which may reflect accumulation of plagioclase in the magma chamber. These gabbroic
rocks all exhibit Ti-Nb-Ta troughs and Pb-Sr spikes, also implying a subduction-related origin. The ** Ar/” Ar spectrum of the gabbroic
sample is simple and flat ( plateau age of 266. 9 +4. 2Ma; isochron age of 261 +23Ma) , indicating that its K-Ar isotopic system was
not seriously disturbed by subsequent thermal events and may reflect the intrusion time of the gabbro. However,® Ar-" Ar analysis of
the amphibolite give rise to a saddle-like spectrum, and its youngest plateau (297.3 £6. 1Ma) probably reflects the last metamorphic
event. The difference on age and geochemistry between the amphibolitic and gabbroic rocks implies that they probably represent
different mafic magma. The protolith of amphibolites probably formed in a seamount near a subduction zone and subsequently accreated
to the Altai. The gabbro exhibits subduction-releted characteristics and was coeval with transtensional movement in the Chinese Altai,
probably ref]

a tectonic transition in the Permman.
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Fig. 1 Simplified geological map of Tarlang region
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X1 BRREKGRNSHEKEEDMENRESE TUNELER
Table 1 “Ar-YAr dating results of Tarlang Amphibolites and Gabbros
MEE ()  YArPAr 7 At/ Ar 6 At/ Ar ¥ Ar(mV) PAr(%)  PAr* (mV) “Ar*/PAn, R +1sd(Ma)
Alt-53 W=96.20mg J=0.002037
700 1226 84.16 1352 1.59 2.14 68 887.8 1863 £45.8
1000 263.1 52.05 252.6 2.56 5.61 73.2 200.3 617.4 +£23.6
1025 346. 1 97.71 266.3 1.37 7.45 79.6 296.4 852.2 +31.4
1050 267.6 37.04 115.3 3.67 12.4 88.4 243. 1 725.8 £13.0
1075 197.2 29.97 43,1 4.54 18.6 94. 8 191.1 503.2 +8.3
1100 155.3 7.535 25.67 18.1 43 95.5 149. 1 478.5 £ 8.6
1125 117.9 14.42 46. 57 9.44 55.7 89.3 108.4 354.0 £6.6
1150 99 83 61.72 88.8 2.21 58.7 84.7 88. 54 299.1 £9.5
1200 94.97 15.32 33.28 8. 89 70.7 91 87.37 205.5 £5.2
1320 114. 6 6.286 27.51 21.7 100 93.3 107.5 357.2 £5.5
Alt-96 W=117.70mg J=0.002139
700 315.4 18. 89 600.5 5.58 2.9 44 .2 141.4 476.8 £15.6
850 137.5 169.4 366.5 0.621 3.23 31.4 49.24 180.7 £55.0
950 128.2 79. 35 253 1.33 3.92 46.7 63.59 230.1 £30.0
1050 84.22 1.301 30. 18 81 46.1 89.5 75.48 270.0 4.0
1075 81.91 11.67 30.12 9.02 50.8 90.3 74.6 267.1 £4.9
1175 75.31 2.402 13.68 43, 8 73.6 04.9 71.59 257.0 £3.7
1200 82.63 5.733 27.43 18.4 83.2 90.7 75.3 269.4 +4.4
1225 86. 8 8.495 42 .48 12.9 89.9 86.3 75.4 269.8 +4.8
1250 83.71 14.6 42.09 7.5 93.8 86. 6 73.25 262.6 +5.8
1320 85.28 9.163 29.09 12 100 90. 8 77.95 278.2 £4.9
¥ @RV ESRNMNAI mV, BFEMESRAEEN1.64 x10 P mol/mV
2 BRRHKANEMEBEKETETE (w% ) NEETE( x107°)oHER
Table 2 Major (wit% ) and trace ( x10 %) elements contents of Tarlang Amphibolites and Gabbros
FRANE 8 (=)
BihS
ALT-26 ALT-55 ALT-75 ALT-83 ALT-84 ALT9?2 ALT95 ALT-101 ALT-132 ALT-134
Si0), 45.42 47.91 52.96 49,75 49. 69 49. 86 49. 16 49.71 46.93 46. 96
Ti0, 3.23 3.20 0.82 0. 38 (.49 0.98 1.07 0.98 1.73 1. 89
Al, O, 13. 14 13.40 17.92 19. 60 20. 81 16.49 16. 62 16.52 15. 49 15.00
Fe203T 16. 88 15.58 9.08 4.70 4.56 8.66 9.19 8.48 11.85 12. 18
MnO 0.28 0.25 0.13 0.08 0.07 0.16 0.16 0.16 0.20 0.22
MgO 6.70 5.99 6.34 7.64 7.33 7.70 7.91 8.31 7.73 7.91
Ca0 10. 88 10. 46 2.65 11.30 11.42 10.21 10.77 10.13 10. 56 11.60
Na, O 0. 88 0.82 3.37 2.99 3.02 2.08 2.23 2.03 2.58 2.03
K,0 0.24 0.22 3.85 0. 38 0.36 1.03 0. 60 0.95 0.34 0. 46
P, 0, 0. .37 0.41 0.14 0.10 0.12 0.13 0.10 0.18 0.19 0.07
Ny 0.58 0.56 1.73 1.68 0.89 1.36 1.10 1.17 1.21 0.76
BB 98. 80 08. 98 08. 61 98.77 98. 67 08. 90 08.62 98. 80 99. 08
Mg# 44 43 58 76 76 64 63 66 57 57
Li 9.13 10.1 40, 8 14.0 14.2 15.0 18.2 10.0 14. 8 11.9
Be 1.54 1.69 1.39 0.50 0.34 0. 68 0.62 0.32 0.92 1.99
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Gk 2
Continoued Table 2
o RKMANE W I o
i ALT-26 ALT-55 ALT-75 ALT-83 ALT-84 ALT-92 ALT95 ALT-101  ALT-132 ALT-134
Sc 38.9 38.6 19.2 18.3 18.1 32.7 38.2 27.6 38. 4 44. 6
\Y 481 423 173 77.6 83.9 177 203 216 293 276
Cr 142 122 26.8 199 503 142 175 292 200 224
Co 47.7 43.6 20.7 30.0 30.9 39.8 45. 1 40.9 45.4 49.2
Ni 60. S 51.7 18.9 88.7 94.6 145 166 146 124 129
Cu 151 84.5 8.59 61.8 110 21.0 57.7 60.7 47.3 27.5
Zn 196 172 143 41.2 37.9 75.3 80.9 80. 1 106 115
Ga 24.4 23.5 22.2 14.5 14.6 15.5 16.8 15.8 18.7 16.9
Rb 1.45 1.99 156 9.39 8.13 28.9 13.4 23.4 5.78 13.5
Sr 190 169 185 680 801 250 259 179 400 320
Y 57.6 59.0 30.7 7.87 8.39 21.3 22.2 21.3 30. 6 33.3
Zr 267 244 234 38.5 40.0 59.9 60.9 61.7 97. 1 83. 1
Nb 8.07 9.58 8.71 3.97 4.11 3.20 3.29 2.43 2.93 3.71
Mo 0.67 0.42 0.51 0.47 0.47 0.86 0.73 0.43 0.37 0.63
Cs 0.13 0.09 8.91 0.42 0. 36 1.01 0.79 0.53 0.48 0.77
Ba 31.0 47.7 301 102 87.9 113 80.0 204 17.9 25. 1
La 13.6 12.4 19.9 6.92 7.53 5.71 6.47 4.41 6.02 6.18
Ce 36.7 34. 1 46.4 14.5 15.4 14.8 16.2 10.7 17.5 18.5
Pr 5.38 5.22 5.53 1.75 .88 2.19 2.39 1.55 2.70 2.98
Nd 25.3 25.0 21.7 6. 89 7.72 10. 3 11.1 7.54 13.5 15.2
Sm 7.37 7.63 4.99 1.54 1.68 2.93 3.20 2.41 4.20 4.66
Eu 2.25 2.50 1.08 0.75 0.75 1.14 1.25 0.92 1.56 1.76
Gd 8. 88 9.08 5.16 1.64 1.82 3.36 3.70 3.07 5.02 5.41
Tb 1.63 1.71 0.86 0.26 0.29 0.56 0.61 0.58 0.84 0.95
Dy 9.71 10.2 4.83 1.39 1.57 3.75 4.17 3.53 5.70 6.42
Ho 2.11 2.20 1.05 0.29 0.32 0.81 0.86 0.78 1.21 1.31
Er 6. 08 6.33 3.13 0.82 0.85 2.38 2.54 2.26 3.55 3.90
Tm 0.89 0.93 0.47 0.12 0.12 0.34 0.37 0.33 0.50 0.55
Yb 5.45 5.81 3.00 0.72 0.73 2.17 2.42 2.08 3.27 3.50
Lu 0.84 0. 89 0.47 0.11 0.11 0.31 0.35 0.32 0.48 0.51
Hf 6.07 5.67 5.93 0.90 0.94 1.76 1.88 1.71 2.68 2.47
Ta 0.55 0. 66 0.66 0.19 0.19 0.23 0.25 0.16 0.23 0.28
W 1.47 1.03 0.65 0.21 0. 68 0.72 0.46 0.28 0.46 0.94
Pb 9.55 8.18 8.21 4.41 3.33 5.39 5.42 5.03 4.02 2.92
Th 0.90 0.84 7.05 0.55 0.53 0.92 0.76 0.49 0.37 0.40
U 0.29 0.39 1.80 0.17 0.13 0.96 0.41 0.26 0.28 0.23
Y REE 126 124 119 37.7 40.8 50.8 55.6 40. 5 66. 1 71.9
5Eu 0.85 0.92 0.65 1.44 1.31 1.11 1.10 1.03 1.04 1.07
5Ce 1.05 1.04 1.07 1.00 0.98 1.03 1.01 1.00 1.06 1.05
Nb/Ta 14.6 14.4 13.2 21.4 21.7 13.6 13.4 15.0 12.9 13.5
Zr/Hf 44.0 43.0 39.5 42.8 42.5 34. 1 32.4 36.2 36.2 33.7
Nb/La 0.59 0.77 0.44 0.57 0.55 0.56 0.51 0.55 0.49 0.60
Zr/Sm 36.3 31.9 46.9 25.1 23.8 20.5 19.0 25.6 23.2 17.8
Zr/Nb 33.2 25.5 26.9 9.7 9.7 18.7 18.5 25.4 33.1 22.4
Th/Ta 1.62 1.27 10.7 2.97 2.79 3.92 3.10 3. 04 1.64 1.44
La/Ta 24.6 18.6 30.3 37.4 39.7 24.3 26.4 27.4 26.5 22.5
U/Nb 0.04 0.04 0.21 0.04 0.03 0.30 0.12 0.11 0.10 0.06
(La/Yb) 1.79 1.53 4.77 6.87 7.37 1.89 1.92 1.52 1.32 1.27
(Gd/Yb) 1.35 1.29 1.42 1.87 2.05 1.28 1.27 1.22 1.27 1.28
(La/Nb) g, 1.34 2.37 1.81 1.90 1.85 2.04 1.89 2.13 1.73
(Nb/Th)py  1.07 1.35 0.15 0.86  0.93 0.41 0.51 0.5 0.9 1.12

tE: Fe, 03 4%, Mg* =100 x Mg?* /( Mg®* +Fe’* ), (La/Nb) py NI HUBIRHEILLE , (La/Yb) y FI(GA/ YD) y HERELBRA A FRUEALIE , ¥
#EA(ES] B Sun and McDonough (1989) ,
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5 HBERACFARAIE

5.1 FBILEHbIKFIFAE
AN ERL SWLERSTI TR 2, BHREAK
INEEES S0, S8 H45.4~53.0% , B FAEM 2K &
mEEPB-EH Fe,O, (9.08 ~ 16.9% ), MgO (5.99 ~
6.70% ) &8, GBS ALT-75(2.65% ) #b , LA RE S, Ca0 &
BYKFI%., XEHEGNFETLERANEA LR RPTL
WHE(FR2), He,ALT-26 1 ALT-55 W PMEESHEBBRN
WEE(1.0% ~1.1% ) fl K,0/Na,O HAE (0.3 ~1.1), A
BB TIO, 8 (& T 3.0% ), T ALT-75 WX E &
(Si0, ~53% ) , AHHE ALO, (~18% ) .2 (K,0 + Na,0
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MgO

L

CaO FeO

K4 EIRIEHEKANAS Mg0-CaO-FeO ( Walker et al. |

1960) (K, I MIERKANE; TARBMKANE)
Fig.4 MgO- CaO FeO diagram of amphibolites in Tarlang area
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K AN ETRENMEERHEEAMNEERNEETE,
JLHR Rb(5.78 x107° ~28.9x107°)  Ba(17.9 x 10 ¢ ~
113 x107°) . Th(0.37 x107° ~0.92 x 10™°) .U(0.23 x 10~°
~0.96 x107%) K ZE R, FEN H P Pb(2.92 x
10 ~5.2x10)MSrWERK (BT, EHMEITTES
RIE A X ETES TR BRI FT A - ERRZE EH

MAVERMNTH. SHPRKEFRAOTEMEL, BEKEES
FEA MBS ®EIUE (HFSE) , 3 B4 Ta- Nb-Ti §
HERXSH(ETd), BREHEHEH L TERSHMEER
WA AR B(E Te) . —FRER T EER(HFam ALT-
83.ALT-84) (La/Yb, = 6.87 ~7.37, Gd/Yb, = 1.87 ~2.05),
MTBaHEA i, FHER Eu IERE (Eu=1.4~1.3);
AR AR ER LHTEA KL L BB, M L EFIE
(La/Yb, =1.27 ~1.92) ,E# + /8 (Gd/Yb, =1.22 ~1.28)
AEE EuERRHERFERLRF (G Eu=1.0~1.1), &
KeattmW et Nb/Ta [LEZ (13 ~22) ,Ze/Hf HiE
H32~B), 5RKANSZE MBEBEHR T BHE K
Ta- Nb-TifA B4 , RIAZER S BB HBH & X PFHE

6 Wi

6.1 “Ar-PArERFEEN

SR ANESFANGR SER ERIERAANAF
FAESFMC Ar (4T %5,1995) , B B T dh A B0k £L BE
FAER 3R/ Ar RGBT BB, S B T R E B
BEHARTBHERFEL. HTRENAZXFBEAN S I
BEBHE AT BREZENRNM R ELE, NHIEAE R
WE E B @S F A E#T. BARKARS A" Ar £
BiCR ¥ —1 297Ma AR WHEREN, KRS KL R 84
BEFXNMER; KK, B8tk ARNEUUESERE A FE
THIRAZGZFESELAMER, MR X B EFRAERFEREL
RARTERFIZE R (Windley et al. , 2002) , W H AR R B T+
PR AN A R E
B ERETERERLEESF ELK S ZH, BiEA U-Pb &
AR =B as MR E _KIE K AR SHRIMP
WS & 400Ma /£ 45 ( Yuan et al. , 2007) , Ak K AN =1
&R B AT 400Ma, 256 FiRAR, BATIA b sl
KANENEBN A8 T 400Ma, MHELZ T, KA ALT-96
, BT 266.9 + 4. 2Ma [ FE4E
%, AR Ar R B 95% , RHEK SFHNAING
R R HAZ R MMM, Bk, 2% 267Ma % Ar-
P ArSE RS ] DUR K A T G

JUr I 111

A

—

6.2 ERFUELEME

BRFRKANESEN T —EWNHBTE, B XL 50
A X & B9 TiO, (0.82% ~3.23% ) f1 Nb (8.07 x 10°°
~9.58 x10°°) SEHEE THRAKSINAE AN EEY
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Fig.7 Chondrite-normalized REE pattern and PM-normalized trace elements spider diagram
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1982) , Ak AN A HEE LT
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XL BB S Ta/Hf HE(0.10~0.12) , 5 KERANE

2001) ,
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PR AN
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Na R RAET]68IE R
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BT 2 3 A F L%Eil‘:ﬁz;(Wﬂson 1992 ; Juteau and Maury,
1997) , B RERER KLUBEB AR FEVRKRE R

= &j(i FRBR R £ é{x-_%ﬁf A

7H i ( Wilson,

1992), &
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and Cann, 1973) (E 9. CAB- KXk Z &5 ; MORB-&#

PR KRG IAT-HIM BRI E; OIT-H BH B X B
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Fig. 8 TiO,-MnO-P,0; discrimination diagram for the

Tarlang amphibolites ( Pearce and Cann, 1973)
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%19 EIRIB¥EEK S Zr-Nb-Y H 5] & ( Meschede, 1986 ) Fl
Hf-Th-Ta 3% %1 I ( Wood, 1980) ( EL &
AT K H i
NREZXRE,B
KWWK R E,D
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= (HE/Th >3.0) MRt Z a8 (H/Th <3.0))
Fig.9 Zr-Nb-Y and H{-Th-Ta discrimination diagram for the

Tarlang Gabbros ( after Meschede M, 1986 and Wood AD,
1980) ( The fields of the Zr-Nb-Y discrimination diagram are

defined as follows:

A 1, within-plate alkali basalts; A I,

within-plate alkali basalts and within-plate tholeiites; B, E-type

MORB; C, within-plate tholeiites and volcanic-arc basalts;
D,N-type MORB and volcanic-arc basalts. The fields of the

Hf-Th-Ta discrimination diagram are defined as follows:

A, N-type MORB;

tholeiites ;

B, E-type MORB and within-plate
C, alkali within-plate basalts; D, volcanic-arc

basalts, Island-arc tholeiites plot in the field D where H{/Th >
3. 0and calc-alkaline basalts where Hf/Th <3.0)
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