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Abstract: A new set of basic rocks was discovered in the Heishidun in South Kangurtag, Eastern Tianshan. Its lithology mainly
consists of gabbro and olive gabbro. The rocks are characterized by relatively low contents of SiO; (47.59%—50.79%), KO (0.26%—
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1.15%) and MgO (3.94% — 12.55%), high contents of Na,O (2.72% —4.42%) and AL,O; (14.75% —19.65%), and moderate content
of Mg" (47.6—66.64). Light rare earth is enriched ((La/Yb)y of 1.83—2.12) with a bit of Eu positive anomaly (1.00—1.25). LILE (Ba,
U, Sr) is enriched, while HFS (Ta, Nb, Th, and Ti) is depleted, and Pb is strongly enriched. LA—ICP—MS zircon U—Pb dating
yields 342.6 + 3.2 Ma, indicating that this basic rock is a product of Early Carboniferous magmatic activity. Rocks have lower Sr
ratio (VSr/*Sr); (0.703421—0.704551), positive &xq (7) (7.6—8.1) and & (¢) (9.82—13.74). Geochemical characteristics and petrography show
that it is originated from the lithospheric mantle source of the loss, and the source area was affected by the metamorphism of the
dehydration and melting fluids resulted from the subduction of marine sediments rich in large ionic lithophile and light rare earth
elements. The separation and crystallization of olivine, pyroxene and plagioclase took place during the emplacement of magma, the
degree of contamination by the crustal material during the emplacement was very low. The structural and dynamic background
shows that the Heishidun basic rock is the product of the Northern Tianshan Ocean's northward subduction along the Kangugtag—

Huangshan fault in the Early Carboniferous.
Key words: Heishidun basic rock; zircon U— Pb age; Sr— Nd— Hf isotope; geochemistry; East Tianshan; geological survey
engineering
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Table 1 Major elements (%) and trace elements(10 ) data of the Heishidun basic rocks

- 5 - 5
HRATH H-44 H-45 H-264 H-265 H-266 H-267 AT H H-44 H-45 H-264 H-265 H-266 H-267
SiO, 47.88 50.79 4759 50.14 50.64 50.35 Tm 0.36 0.43 0.31 0.39 0.46 0.31
TiO, 1.21 1.37 1.07 1.14 1.29 0.99 Yb 2.33 2.79 2.05 2.44 2.94 2.04
AlLO; 16.81 18.08 14.75 18.84 19.65 19.34 Lu 0.36 0.41 0.31 0.37 0.44 0.32
CaO 9.74 9.44 7.45 9.75 8.35 10.40 Y 239 28.3 21.8 25.0 30.5 20.3
Fe,Os 3.21 3.32 3.42 3.29 2.17 3.53 XREE 57.15 65.59 50.89 58.42 74.19 47.29
FeO 5.59 6.29 8.12 5.65 5.78 4.75 LREE 41.69 47.81 37.39 42.46 54.95 34.11
K,O 0.26 0.43 0.28 0.42 1.15 0.33 HREE 15.46 17.78 13.50 15.96 19.24 13.18
Na,O 2.72 3.38 2.49 3.28 4.42 3.38 LREE/HREE 2.70 2.69 2.77 2.66 2.86 2.59
P,Os 0.16 0.19 0.15 0.16 0.22 0.12 Lan/Yby 1.97 1.90 2.06 1.91 2.12 1.83
MgO 6.78 6.01 12.55 6.10 3.94 5.83 oEu 1.12 1.00 1.05 1.10 1.09 1.25
MnO 0.16 0.16 0.18 0.15 0.14 0.13 oCe 1.02 1.03 1.04 1.06 1.04 1.05
LIO 6.01 1.12 2.4 1.51 2.7 1.26 Rb 4.10 7.50 6.00 7.90 23.30 4.10
Total 100.53 100.58 100.45 100.43 100.45 100.41 Ba 99.60 124.50 97.70 123.00 346.00 96.90
Mg’ 58.77 53.59 66.64 5581 47.60 56.73 Th 0.73 0.71 0.48 0.57 0.55 0.44
m/f 1.40 1.13 1.97 1.24 0.89 1.29 U 0.30 0.30 0.20 0.20 0.20 0.20
La 6.4 7.4 5.9 6.5 8.7 5.2 Ta 0.20 0.20 0.20 0.20 0.20 0.10
Ce 16.6 19.2 153 17.0 224 13.6 Nb 2.50 2.70 2.10 2.30 2.90 1.90
Pr 2.47 2.83 2.19 2.38 3.19 1.94 Pb 1.90 1.70 3.20 1.80 2.40 1.50
Nd 11.5 13.0 10.0 11.8 14.9 9.4 Sr 420.00 356.00 278.00 402.00 715.00 422.00
Sm 3.38 3.97 291 3.43 4.14 2.72 Zr 104.00 122.00 94.00 107.00 137.00 85.00
Eu 1.34 1.41 1.09 1.35 1.62 1.25 Hf 2.70 3.20 2.30 2.70 3.40 2.10
Gd 3.94 4.62 343 4.08 493 3.46 Ti 7180 8230 6340 6880 7900 6230
Tb 0.66 0.75 0.59 0.71 0.85 0.57 Cr 190 190 220 220 80 230
Dy 434 4.89 3.80 4.45 5.45 3.63 Ni 128.5 56.2 239 73.1 40.6 65.2
Ho 0.91 1.01 0.76 0.89 1.09 0.75 Co 35.6 32.6 60.6 323 21.8 30.4
Er 2.56 2.88 2.25 2.63 3.08 2.10
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Fig.5 Chondrite—normalized REE patterns(a)and Primitive mantle—normalized spidergrams(b)of Heishidun basic rocks(after Sun
and McDonough, 1989)
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R2 EABIEKSE LA-ICP-MS $5A U-Pb R EEE
Table 2 LA-ICP—MS zircon U—Pb dating results of Heishidun gabbro
[ LU B S/ Ma

*Pb/FU lo  *Pb/**U lo  Pb/"U 1o *Pb/A*U lo
126CD04 4.09 4554 63.06 0.72 0.4404 0.0419 0.0558 0.0013 370.50 29.50 349.70 7.72
135CD10  4.17  47.18 68.67 0.69 0.5656 0.0525 0.0551 0.0013 45520 34.04 34590 791
136CD11 321  40.75 5696 0.72 0.3848 0.0396 0.0535 0.0011 330.60 29.05 336.20 6.97
137CD12 3.46 3433 61.19 0.56 0.4946 0.0477 0.0528 0.0012 408.00 3239 33140 7.47
139CD13  8.67 91.09 132.68 0.69 0.4364 0.0424 0.0551 0.0012 367.70 30.00 345.60 7.48
140CD14 6.23  83.27 9531 0.87 0.4132 0.0587 0.0552 0.0014 351.20 42.16 34620 8.65
141CD15 4.67 64.85 79.65 0.81 0.4004 0.0228 0.0548 0.0009 341.90 16.56 343.70 5.75
142CD16 42.45 753.69 62431 121 0.4419 0.0410 0.0543 0.0012 371.60 28.84 340.80 7.32
143CD17 633 9291 106.63 0.87 0.4207 0.0449 0.0554 0.0013 356.60 32.12 347.30 7.70
144CD18 5.4l 80.18 90.99 0.88 0.4065 0.0520 0.0533 0.0013 346.30 37.56 334.80 8.13
151CD22 328 37.81 5492 0.69 0.5128 0.0538 0.0554 0.0014 42030 36.08 347.50 8.44
152CD23 422  51.76 6434 0.80 0.3806 0.0942 0.0549 0.0017 327.40 69.28 344.60 10.47
153CD24 10.89 131.52 168.51 0.78 0.4009 0.0194 0.0537 0.0009 34230 14.07 337.10 5.46
155CD25 5.44 7258 8458 0.86 0.4564 0.0579 0.0540 0.0015 381.80 40.37 338.80 8.90
156CD26 3.55 40.89 51.59 0.79 0.3853 0.0379 0.0553 0.0012 330.90 27.79 346.80 7.40

MRS Pb/10° Th/10° U/10° Th/U
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Fig.7 MgO—Co diagram(a) and MgO—Ni diagram(b)of the Heishidun basic rocks

TR A RS , Mg 5 Co NiZHEILE 1%
#1K Co \Ni5MgO ZIEFHCHE(E 7a.b) , A%
R A A A PIZE S ER . SR LTk, B
WO E S FE A A R 2 ) T A A ARt
KAaR g e, X 552
5.2 BEXYFERIBHIBRIZE

A A BA AR Sr [FAL R WG Fe i
(0.703421 ~ 0.704551) , 1E 1 exa(t) fH (7.6 ~8.1) , LA
SRS 5 28 A8 AR A, B A AR IR T

TG . SR BoR AT, BEIHIX T i
W AT RE AT A BB 2T T — R R A T
ZE M (Wu et al., 20047563545, 2011) . M
- TC R BRORLIG A AR AL L 43 P rh R 46 s bR
HEAL SR T Wk & (1 S)RT LA, SR B
Wi e R 4 NARE 5 N—MORB H1 OIB £ B i fit) 2%
5,5 E-MORB # A0

R ABFFEIA R REE 15 it 2 %2 37 s 21 i Al
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S B il 2 R S A RN 2 (X B AR 20l 0.530+0px 0.270+cpx 0.170+sp0.030 and ol 0.060+opx 0.280+ cpx 0.670+sp 0.110)(#& Kinzler,
1997) LA A 47 ZWF MO A (R 2 B (4452820l 0.600+0px 0.200+¢px 0.100+gt 0.100 and ol 0.030+opx 0.160+cpx0.880+gt 0.090)(4f Walter , 1998);
W/ 43 B 2 B LA B2 DMM 3] H Mc Kenzie and O'Nions (1991, 1995);PM, N— MORB #1 E- MORB #H /i, 5| 4 Sun and Mc Donough

(1989); % A M2k [ MR IO 45 7 MM DX A 3l P

Fig.8 Sm/Yb vs.Sm diagram of the Heishidun basic rocks
Melt curves are drawn for spinel—lherzolite(with mode and melt mode of ol 0.530 + opx 0.270 + cpx 0.170 + sp 0.030 and ol 0.060+0px0.280+
cpx0.670+ sp 0.110, respectively;after Kinzler, 1997)and for garnet— lherzolite(with mode and melt mode of ol 0.600+opx 0.200+cpx0.100+ gt
0.100and ol 0.030+0px0.160+cpx 0.880+gt 0.090, respectively;after Walter, 1998);Mineral/matrix partition coefficients and DMM arefrom the
compilation of Mc Kenzie and O'Nions(1991, 1995);PM, N—MORB and E-MORB compositions are from Sun and Mc Donough(1989);Tickmarks

on each curve(or line)correspond to degrees of partial melting for a given mantle source
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TLERIE TR AMA, L., A A akEn
b D RS 7 BB s Rl A B Y U R S Ik, La/
Yb 1 Sm/ Yb HAE = U 41E (Pearce and Peate, 1995;
Johnson, 1998;Miinker, 2000;Zhao and Zhou, 2007;
Liu et al., 2010b;/56 54, 2011) . 7E Sm/Yb—Sm &
i (1] 8), BAATBIIENE A1 Sm/YD HUAE 70 A TR
A I RORYE R R A+ A OS2 0
M2k > ], L4 E-MORB, .75 MBI FL B (1355
IIERN(15% ~ 25%) 897 . AR BE A ot il 2>
T3 La/Sm H1 La/Yb 5 F153 5, H A e ml
R Se i NI IR B IS AR R AR
HEE S BB TR (DG 0EAE, 2011) . TR AKSE
PE 5 B 88 B La/Sm (1.87 ~2.1) Fil (La/ Yb)x
(2.65 ~2.96) FUAH , A MgO &5 & Fl Mg {E (47.6 ~
66.64), %5 = [ #i - 7% & (X REE=47.29 x 10" ° ~
74.19x10°°), ARIE 7 AR A R 2e0d T BRI o3
JE Rl
5.3 HFEIRE

e 5 SR AE T B E AR A AR — R s A2
FIAS [F)FLJE H 52 TR Y (Mohr, 1987), AT A
P =53 58 JC % Ta Nb. Th #I Ti, & 4 LILE F1 LREE,
H Ta/ La FAH(0.019 ~ 0.034)fi T~ Ji # Hh1 (Ta/La=
0.06, Wood et al., 1979), Ui BH7E I ol & 247 o 72
Hn REAEAE S IR T A TR e (O 4E, 2011) . Hb
FePE £ Ze THE TR g iR & F B Ze M H T
RO DR (A, 2017) , AL Ze A
Hf LR WA PR35 (F 5b) , HAK M & m /Rt
TEY) R PTR R R B AR . — ROk Bl s IR Yet 25

3 MgO H ena(t) Z 18] B A 1E AH ¢ 1, MgO #l
(St/*Sr) Z B HAT AR DG (Liu et al., 2010b), & 1,
F4 B 4 UL R A BOE M S AN AR A DG, i
EF NN B BN A R IR KA LR A
T i FE ) R A TR L FE AR . LAMRE A B
% 1Y (7Sr/*Sr)(0.703421 ~ 0.704551), 1E 1Y ewl?)
(7.6 ~ 8.1)Fl eul?) (9.82 ~ 13.74)(35 3, % 4), [AIRE )R 1R
FIRAE LT SR A R b TR Y R R K
WEEOUT A LU 5 s 5 eV E S T
7 S 5 s SE AR S W TR A Aok K
B 2 A A7 A M TR Y RO e R (1 B AE
2011), H I 9 W], R A O M A s i R LR
WA Z 3 TSP B IR, F e Y i R el
AN R N 1% ). B AR A B
1) i ER A 2 R AF 7T B 32 28 5 IR DX 7 R B SRR AE
350, B R A B B AR R (HE 5 i 5 R Lu/HE
FEAE AR SR RRAE 5 T IAE (7R 25 K 8 X pE Joi LA
KR 4 ik B (Griffin et al, 2002;Kemp and
Hawkesworth, 2006;Yang et al., 2006a; % ff& JT,
2007b; 35755, 2007 ;Liu et al., 2010a), BBk
PEAREE AT ena(t) THEE HARL A K (3 3), i ]
JER UG TR XA I LA —
54 wEZK

BB ST R S B (278%10° ~
715%10°, 28 1 432x10°°), ] i 25 T-Hblg Sr e
15 (17.8x10°°) (Taylor and Mc Lennan, 1985) . Sr
TCE T 5 R T e AZ [l TR G IR b R AR
A2 ARAE FH Y 52 i) (Mc Culloch and Gamble, 1991;

R3 BRBEMNEHA Lu-Hf B RAM

Table 3 Zircn Lu—Hf isotopic composition of Heishidun basic rocks

M55 "Yb/"HE  Luw/Hf HE/HE 20 Sfimr  Age/Ma  (HE/'HE),  ewd0) end?) 26 twMa tow/Ma
1 0.027745  0.000732  0.282930  0.000020  -0.98 3497 0282926  5.60 13.12 0.71 453 515
2 0.026017  0.000743  0.282930  0.000018  -0.98 3475 0282925  5.58 13.06  0.64 454 518
3 0.027734  0.000794  0.282950  0.000018  -0.98 3459 0282945 631 1374 0.63 425 473
4 0.019209  0.000653  0.282878  0.000018  -0.98 3362  0.282873 3.73 1098  0.62 526 642
5 0.016462  0.000479  0.282869  0.000017  -0.99 3314 0282866  3.43 1062 0.61 536 661
6 0.034073  0.000939  0.282903  0.000017  -0.97 3456 0282897  4.62 1201 0.61 495 583
7 0.025676  0.000741  0.282903  0.000018  -0.98 3462 0282899  4.65 1209 062 491 579
8 0.014325  0.000485  0.282837  0.000019  -0.99 3473 0282834  2.30 9.82  0.65 581 724

1+ ewo =(CHETHOJ/(HE "H)cr, o— 1) % 10000; fru=(" Lo/ "HO/("Lu/ "Hewor— 1; &nl?) =(("HE/"HI)— (*Lu/7HF), x ("~ 1)/
((HE ™ Hf) om0 (Lu/ THE ) (€ 1))~ 1) x 100003 ton=1/Ax (1 HE "HE)— (" HE " H)ond/ ("L "HE).— (" L/ "HE o)); fove=tons(HE)— (tom
(HOH—t) ((fie= f)/(fe—fom)).-where, (7°Hf/""Hf)and('*Lu/'"Hf), are the measured values of samples;(""*Lu/'"Hf)cnur=0.0332and("Hf/'"Hf)cior, =
0.282772(Blichert— Toft and Albarede, 1997);('"Lu/""Hf)on=0.0384and('"Hf/""Hf)on=0.28325(Griffin et al., 2000); f.=— 0.548(average

1,-1

continentalcrust), fov=0.16, t=crystallization time of zrrcon, A=1.865x10 "a '(Soderlund et al., 2004) are used in calculation
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x4 BEOHEMERESE Sr-Nd BRAR
Table 4 Whole—rock Sr—Nd isotopic compositions of Heishidun basic rocks
FE 5 H-44 H-45 H-264 H-265 H-266 H-267
YRb/*Sr 0.02497 0.05258 0.04901 0.03339 0.03733 0.01641
YSr/*Sr 0.704199 0.703678 0.703667 0.703923 0.704734 0.704117
“Sm/"“Nd 0.17760 0.18453 0.17584 0.17564 0.16789 0.17485
““Nd/"*Nd 0.512999 0.513005 0.513008 0.512980 0.512974 0.512992
(Sr/*Sr); 0.704077 0.703421 0.703427 0.703759 0.704551 0.704037
exd(0) 7.04 7.16 7.21 6.67 6.56 6.91
exa(d) 7.9 7.7 8.1 7.6 7.8 7.9
("*Nd/"“Nd); 0.512599 0.512590 0.512612 0.512585 0.512596 0.512599
Ssmna -0.65 -0.64 -0.66 -0.66 -0.67 -0.66
tomi/Ma 645 765 578 687 590 626
tomo/Ma 457 472 436 480 462 458

Hawkesworth et al., 1993;RE & 15 4%, 2011), 1fii#R ¥
HIR , A M A 2 B TR QR B R AL, B4
T8 I S UG ER i e 1 S DR AT e A2 B P AR Bt
AARE IR 52

LN L L L L L L L

fos)

lasalt
— RO
S
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Tl W S il ol

Illi_lhvlldldIIIll_
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Ll Gl il

)
LI 0 o N 3 Y Y O TR Y O

(=3
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(*'St/*Sr);

%9 Eﬁi%‘lﬁ%(8781”/8651');—&«”[E]ﬁfé
HP 87 2R e W 2 5l 7 5R S 4UNd(107)
exa(£) St(10”)FI(St/ St B 1T 497 P8 b (DM) 73531 g 1.2 . +8
20 F10.703; Z iAo 15,+8.,200 F10.704; L H15E(UCC) 431
930, —12.250 1 0.740(3% Jahn et al., 1999); F #15E(LCC) 4351 K
20,—15.230 fi1 0.708(#& Wu et al., 2000)
Fig.9 (V'Sr/*Sr)ivs. exa(t)diagram of the Heishidun basic rocks
The numbers indicate the percentages of participation of the crustal
materials. The calculated parameters of Nd(10™°), ena(?), Sr(10”*)and
(YSr/*Sr)arel.2 ,+8.,20,and 0.703 for asthenospheric mantle(DM);
15.+8,200and 0.704 for basalt;30, —12,250and 0. 740 for upper
continental crust(UCC) (after Jahn et al., 1999); 20,—15.,230.0.708
for lower continental crust(LCC). All data derive from Wu et al.
(2000a)

HIEAAIF G2 I by i 378 A 22 A0 A ) 3 A TR
Mg b T R P A AR AR AR R E AR TR
A ICER R 402 MBI TR FE IR v R
I = A R I AAR RN bl s Rl A B DA A 3
i JE 2L (Meen et al., 1989; Maury et al., 1992;
Hawkesworth et al., 1993; Elliott et al., 1997;
Ishikawa and Tera, 1999;BE & It 2%, 2011) o RHR b
e R X I — R B A VR A S R R e A
HhERAE 2EFREAE (RE B TEAE, 2011) , WiAf v e
TRE T HEAITCRMBER LT R MR TR Y FE
AR RIS 58 A A = A ) I A — e T 5 e A2 AR
M & 25 8 5 43 OG22 15 2% (Sajona et al.,
2000;Defant and Kepezhinskas, 2001; & & i &%,
2011) A bR 7 47 Rl A B4 S A DU) 2 52 T S 0
JCER M, SR I 2R X RTE K T A i B 3/
59 H AR 75 45t (Regelous, 1997;Johnson and Plank,
1999; 465, 2011), 111 247 R BoA A Y
Mg’ AHX}E 4 Ba U, Sr 45 K& 155 A1 70 R AU
TIER RAIEEPb LR, 7 Ta Nb Th. Ti %5
Yot gk . i, EH IS X e R sE A A
FH 3 R el PR S LILE H LREE #9765
PRI AT B TR 52 B
5.5 MIEEX

o3 AT 2R W JB A B M 2 A SRR DX A2 B R AR
FHRZM . =R IC % Nb Ta  Zr F HE7E 27 (A5
A A R — R A R I RS M AT DME S
A R FNE DM BT R B O H— i S K A
FER 43 =7 P i A LA (N-MORB) Y Ta . Nb
F IR K TF 0.7%10 F1 12x10°, Nb/La<1, Hf/
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Fig.10 Tectonic discriminative diagrams by major—and trace—elements (a, after Meschede, 1986;b, after Pearce and Cann, 1973;c,
after Mullen, 1983;d, after Wood et al., 1979)

Ta>5, La/Ta>15, N X R A (WPB) i 8 AL o
% A (T- MORB) Fil 5 4 B Ve v 2 KA (B—
MORB) U i 4§48 2 (Condie et al., 1989), {7 #kE
i PR ECA Y Ta TG &1 (P14 0.18x10°°) FINb IT
o (O34 2.4x107°) 81K, Nb/La {4 0.36, HE/
Ta FUAH 15.17,La/Ta FU(H 37.22, EFHIZ LR AT K
755 5 WPB . T-MORB . E-MORB 4 it FR3 IG5
BT BN LA 5 N-MORB I IR EE . 2EH
SR FA [ ) 3 20358 340 Sl LR ik — 25 43 B PR A B0
PRI R 485, 75 2Nb— Nb /4—Y ¥ 3 31 5] [#] g vpr
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