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Mineral chemistry and properties of the Dalaku’ an mafic-ultramafic complex,
East Kunlun Mountains, Xinjiang

FAN Ya-zhou"?, XIA Zhao-de>”, XIA Ming-zhe™’, JIANG Chang-yi>® and MENG Fan-cong'
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. School of Earth Science and Resources,
Chang’ an University, Xi’ an 710054, China; 3. Key Laboratory of Western China’ s Mineral Resources and Geological Engineering,
Ministry of Education, Xi’ an 710054, China)

Abstract: The Dalaku’ an mafic-ultramafic complex is located in the Late Paleozoic Karamilan arc zone, which is
the southern active zone of the East Kunlun, and consists of lherzolite, wehrlite, olivine websterite, clinopyroxen-
ite, plagioclase-bearing pyroxenite and grabbro. The olivine in the wehrlite and olivine websterite belongs to chryso-
lite with the Fo value ranging from 84. 55 to 89. 08, and the content of MnO and NiO ranging from 0. 13% to
0.29% and 0.09% to 0.28% , respectively. The clinopyroxene belongs to diopside and augite with the content of
MgO, FeO, CaO ranging from 15.12% to 16.98%, 3.84% t05.34%, 21.10% to 22.95% , respectively. The
mineral compositions of the Dalaku’ an rock mass are different from those of the mafic-ultramafic cumulates from
ophiolites, indicating that the Dalaku’ an rock mass isn’ t a component of ophiolite but a continental intrusion. The

mineral compositions of clinopyroxenes indicate that the parent magma belongs to the tholeiite series, which was
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formed in the continental margin rift during the subduction. There exist favorable conditions for the Cu-Ni sulfide

deposit, as shown by the type of the intrusion, mineral chemistry and tectonic setting.
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Fig. 1 The tectonic position and geological maps of the study area
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a—tectonic units of East Kunlun Cafter Jiang Chunfa et al. , 2000), the location of the Ni-Cu deposits and ore spots after Yan Jiaming (2017): Ni-

Cu deposits: 1—Xiarihamu; Ni-Cu ore spots: 2—Shitoukengde; 3—Binggounan; 4—Detangou; 5—Bairiqiligou;
Maxingdawannan; 9—Lalinggaolihegounao; 10—Akechukesai; 11—]Jikelikuole; 12—Dalaku’ an; the location

6—Shengou; 7—Kaimuqihe; 8—
of East Kunlun ophiolites ( Jiang

Chunfa et al. ,1992): [ 1 ]—Muzitage; [ 2 ]—Heicigou; [ 3 ]—Bugingshan; [ 4 ]—Maqin; [5 ]—Qingshuiquan; [ 6 ]—Wenquan; b—geological
sketch map of the study area Cafter The Third Geological Branch of Xinjiang Geological and Mineral Bureau, 2005 )0, 1—Upper Pleistocene; 2—

Yekaqiang Group; 3—Kalamilan Group; 4—Tuokuzidaban Group; 5—Bulakebashi Group; 6—Late Variscan granite; 7—Late Varican granodiorite;

8—Middle Variscan granite; 9—Middle Variscan diorite; c—Tlithologic map of the Dalaku’ an body, which consists of wehrlite, pyroxenite, plagio-

clase-bearing pyroxenite and gabbro; d—geological section ( A—B) and sampling locations of the Dalaku’ an body, legend as for Fig. 1c
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Fig. 2 Field occurrences and photomicrographs showing the textures of representative rocks of the Dalaku’ an intrusion
a—IE P A AR AR R AR A B o WAL Al s b—HINE A A B M AR R R A D RIS A R A
REHE o RO A S M IR, W SR BRI S P i B B e ST A " T R B AR A S5 0 i 46 0 » 7 T RO A R 2 T80 C — )5 d— RO o
i, SAREEE AT FLR 50 S50 O AREE K, RO A DB - ) s e AT E TRV A R EDIREEIR G C +) s I KE TR H K
A LR AR SRR AT SEANRNDIR 2 A TR AT IR Z 18] C = D 5 TR S Ha i S wE (2009 : O1—Hii 41 Cpx—HuRIMEAT s Srp— i SUAT 5
PlI—RH A
a— Dalaku’ an body intruding into the granite, where malachitization is well developed; b— the gradual transition between the peridotites and the py-
roxenites with some plagioclase (P1) locally; ¢— olivines (Ol) as cumulate phase replaced by serpentine along the fissure and margin, clinopyroxene
(Cpx) as intracumulate in the wehrlites( — ); d— olivines commonly as inclusions but almost replaced by serpentine ( Srp), clinopyroxene with
schiller” s texture( — ) ; e—clinopyroxenes with mosaic texture in the clinopyroxenite( + ) ; f— plagioclase replaced strongly and irregular clinopyrox-
ene within the interspace of the plagioclases( — ) ; mineral abbreviations after Shen Qihan (2009 ): Ol— olivine; Cpx— clinopyroxene; Srp— serpen-

tine; Pl— plagioclase
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1 Fo i}y 85.02 ~88.72, & T & MMEM FeO &
o4 10.78% ~ 14. 00% , MgO & & 4 44. 56% ~
47.95% ,MnO &4 0. 14% ~0.28% , NiO 5 &K
0.13% ~0.28% o FRERINE b IR 42 A7 P A
MR 5 MR 2 B R A B, Fo (B, N
89. 08, I FeO Agﬂj 10. 24% , MgO & & N
46.86% , MnO 2 &4 0. 19% , NiO 5 &4 0. 26% ;

T3 PR AR AR A7 Fo AHERAIG, Jy 84.42 ~88.03,
H FeO &84 11.33% ~ 14. 49% , MgO & & K

[=A=ER
44.30% ~46.75% , MnO &84 0.13% ~0.29%,

=)

NiO 285 0.09% ~0.23% »
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FARIREAT R S WA 20 B RDEE A A
RN FRHONE SR b By AR AL, il B3 20 53 Tl
Wo =43.68 ~47.41, En =43.89 ~48.24, Fs =6.11 ~
8.70, J& T 1% M A7 A% @ ¥ £, I Sio, &= A
51.90% ~54.20% , CaO ¥ A 21.10% ~22.95% ,
MgO 3l 15.12% ~16.98% , FeO 554 3. 84%
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0.07% ~0.21% ,Na,0 %34 0.05% ~0.23% .

5.1 sREM

REAIE WA N - B S E AW R
. d}‘*%%i%n(?ﬂj‘o@)\m@ la). Wpatiy A
Bk - R R S A A L T K SR AL SR A

2017, SR, BEEK 8 BR R HE i 5 A A T St DX LR A7
B, R BA A AT S SRR A O
15 AR AT 2 (Jia et al. , 2017) 3 CIEDIRD 8R4
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%(;cﬁ%xﬁ—,2015;h et al. , 2015) o it SR HE SHA
Wi R A7 R A7 Fo {E 0 81. 03 ~86. 50, MnO
RN 0.23% ~0.45% , NiO & 54 0.05% ~ 0.
25% 5 H R RE AT 38 W A C W00 249,75 Enyg o5 49,30
Fs, o3 440> Ca0 &84 23.30% ~25.50% , MgO
N 16.80% ~ 17. 10% , FeO @ K 1. 69% ~
2.87% (Jia et al. ,2017) « 5 H WA HE 5B 5 R
A TN AT Fo M 84.20 ~89.23, MnO & & K
0.07% ~0.28% ,NiO % &4 0.07% ~0.56% ; F. 5}
AT by 325 WA I 30 AT C Wosg 61 ags0 ENys 755414
Fig oo 5550 Ca0 B8N 18.65% ~22.59% , MgO &
BN 15.29% ~19. 05% , FeO &4 3. 35% ~
5.26% ( 34 X55,2015; Li et al. , 2015) . {EMHE A7
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H B 4)
5.2 BEEMR
AN HAIT T3 BH B AR A 119 32 4 76 38 12y ] LA
IR Hh 2 B BE 5 3% 05 4F ( Kushiro, 1960; Le Bas,
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iﬁlﬂ%a@f 2014) . HRHREAT Sii AL B Hoa] DULAE i

ERRE R R FR 0 & CIMERSE, 1994) . fEH
FHEAH AL O, — Si0, K CHE 4a), Bl A #

TENE I 2R 50 X8, R SR A n(SD-nCAIY) KR
B CE 4b), 2ol s 347 14 30 Xl R 91 X 3
RWIEBLPE o R K BEA R s T3 5t X ala R4,
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&,2015)
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Table 2 The mineral chemistry of clinopyroxenes of the Dalaku’ an mafic-ultramafic rocks
Penun (¥ EE ey AT E
i) D2-20 D2-1 D2-1 D2-1 D2-8 D2-8 D2-8 D2-16 D2-16 D2-19 D2-19
Si0, 53.38 51.9 53.43 53.82 52.19 52.86 53.88 53.89 53.31 54.2 53.43
TiO, 0.15 0.19 0.14 0.07 0.21 0.12 0.13 0.13 0.19 0.11 0.18
Al, 04 1.72 3.28 1.61 1.79 3.36 2.56 1.59 1.58 2.02 1.67 2.11
Cr, 05 0.26 0.76 0.56 0.37 0.51 0.36 0.20 0.69 0.55 0.61 0.25
FeO 5.22 5.29 3.94 4.78 5.30 5.34 4.33 4.17 4.26 3.84 5.05
MnO 0.15 0.09 0.13 0.18 0.12 0.17 0.20 0.11 0.12 0.16 0.20
MgO 16.62 15.44 16. 68 15.80 15.49 15.12 16.03 16.96 16.38 16.98 15.42
CaO 21.10 22.15 22.13 22.77 22.11 22.72 22.95 22.25 22.13 22.36 22.78
Na, O 0.21 0.19 0.12 0.11 0.19 0.23 0.05 0.17 0.16 0.13 0.22
K,0 0.02 0.02 0.02 0.01 0.00 0.02 0.01 0.00 0.01 0.00 0.02
NiO 0.04 0.00 0.07 0.00 0.01 0.00 0.03 0.04 0.02 0.01 0.00
Total 98. 88 99.31 98.83 99.73 99.47 99.5 99.39 99.98 99.16 100. 13 99. 65
BL 6 AN 1k A v S5 RH TR
Si 1.971 4 1.9195 1.969 9 1.974 4 1.924 3 1.951 0 1.979 2 1.9659 1.961 3 1.9712 1.964 7
AV 0.028 6 0.080 5 0.030 1 0.025 6 0.075 7 0.049 0 0.020 8 0.034 1 0.038 7 0.028 8 0.0353
AM 0.046 1 0.062 6 0.0399 0.0519 0.070 2 0.062 2 0.047 8 0.033 7 0.048 7 0.042 6 0.056 3
Ti 0.004 1 0.005 2 0.003 9 0.002 0 0.005 7 0.003 3 0.003 5 0.003 7 0.005 3 0.002 9 0.005 0
Cr 0.007 6 0.022 2 0.016 2 0.010 6 0.014 8 0.010 5 0.005 7 0.019 8 0.016 1 0.017 5 0.007 3
Fe?* 0.161 2 0.163 7 0.1214 0.146 8 0.163 4 0.164 8 0.1329 0.127 1 0.1310 0.116 7 0.1552
Mn 0.004 8 0.002 7 0.004 2 0.005 5 0.003 7 0.005 4 0.006 1 0.003 5 0.003 8 0.004 9 0.006 2
Mg 0.915 3 0.8514 0.916 7 0.863 7 0.851 6 0.8316 0.877 8 0.9224  0.898 1 0.920 6 0.8453
Ca 0.834 9 0.877 8 0.874 0 0.894 9 0.873 4 0.898 3 0.903 4 0.869 5 0.8723 0.8712 0.897 4
Na 0.014 8 0.013 4 0.008 7 0.007 8 0.0133 0.016 7 0.003 8 0.0117 0.0111 0.009 4 0.015 5
K 0.001 1 0.000 7 0.000 9 0.000 5 0.000 0 0.000 8 0.000 5 0.000 0 0.000 6 0.000 0 0.000 7
Ni 0.001 3 0.000 0 0.002 2 0.000 0 0.000 2 0.000 0 0.000 9 0.001 1 0.000 4 0.000 3 0.000 0
Mg* 85.03 83.87 88.31 85.47 83.90 83.46 86.85 87.89 87.27 88.75 84.49
En 47.89 44.98 47.94 45.33 45.10 43.89 45.86 48.07 47.23 48.24 44.54
Fs 8.43 8.65 6.35 7.70 8.65 8.70 6.94 6.62 6.89 6.11 8. 18
Wo 43.68 46.37 45.71 46.97 46.25 47.41 47.20 45.31 45.88 45.65 47.28
F, -0.79 -0.79 -0.80 -0.81 -0.80 -0.81 -0.81 -0.80 -0.80 -0.80 -0.82
F, -2.46 -2.41 -2.45 -2.46 -2.43 -2.44 -2.47 -2.46 -2.45 -2.48 -2.46

e PR Mg# =n( Mg)/[n( Mg) + n( Fe) ] x100, Mt 514143 4 En = n( Mg)/[n( Mg) +n(Fe) +n( Ca) ] %100, Fs=n(Fe)/[ n( Mg) +
n(Fe) +n(Ca)] x100, Wo=n(Ca)/[ n( Mg) +n(Fe) +n(Ca)] x100, F, i F, & P Nisbet and Pearce( 1977 ): F, = -0.012 x Si0, -
0.0807 x TiO, +0.0026 x Al,0; —0.0012 x FeO - 0. 0026 x MnO + 0. 0087 x MgO - 0. 0128 x CaO —0. 0419 x Na,0, F, = —0.0469 x Si0, -
0.0818 x TiO, —0.0212 x Al,0; —0.0041 x FeO —0. 1435 x MnO - 0. 0029 x MgO +0.0085 x CaO +0.016 x Na, 0.

5.3 &R

FARDEE A B0 RS PT LUAR 47 ) W s AT 1
44 38 A 855 ( Nisbet and Pearce, 1977; Beccaluva et
al. » 1989; ML, 1994; XIHEESE, 2012) . fEH
ROVEAT K38 R 58 00 B b CHE 5O, B — AN SR A
BT )AL T R g a0 A, R SRR A B
a3 IR T KK A ARV % e Ta A, Nis-
bet Z£(1977) W\ Ay B AT XM M4k 7 5 1iE 1) B R4
AATBETE BT AT A S R Bl S RS A B . LIt

DU IE 7 PR R PR T I 1 3 A58 02 5 0 il A DR 1)
KR4S . AR TV -E0 S R, RO
DN R ALI B & 00 T A R Al H & il
(1 ik 3 5K FE T O CIL T 3656, 1999, 20015 #
ZeuE, 2005; X K4E, 2011a, 2011b, 2011c),
ZJG B NVE ST T R B O RE, 1992
MEAESE, 1996) o M — 8 tH A% il 411 350 19 B B A7 it
FURE T 0 o 4 H 10 JF 4 (A #% 55, 2016, 1 H.
T 75 B W B Ak s B w1l A b X R B K R e —



553 4

TUMEYH A OFT I AR BB ah PR R SRR BB O A 2 B L

461
= 0.5 b
0.6 [ offs it T~
. e A MM a4 g B
& HHmA AN o 0 ’ﬁ R HE
I e HHMA 04 AR )X XN b R
03T o &1 PR VA A e R /R
X ESERERERE  f, © et R
04} 2 §££§° A !
= ! 5 & 03 1
= 9 005 <
g 03 { %
E = 02 F
02
0.1
0.1} " 3 Sl
g
—E N
0.0} BHCH 4/ BB Y 0.0 |
80 82 84 86 88 90 80 82 84 86 88 90
Fo Fo
19.5
Cc —
r 6.0 | R R d
LN s : \ o
o\ LSRR ~ A
18.5 £ \ ALy h 2t
S WL/ MO T el . e
| 4’\ 50r £ ) &
" Ve J— P \ I *
5\3 17.5 1:\0\\ “ ‘:X 2 ;i: -SS ‘p\? ¢ o°° ‘\‘ &
S &, b\ 4 ’59& =40 Ny * A
% \ 9 ¢ Xy B L
s &)1 - T % i
T 165t U Y » Ny EHEA
., 'y 3.0 F .
NN e .
N §>s< £x %!
[ L % % '
53 B N\ e 20 F o
) I B SR A /
145 10t BHCHE 23/ BB o
[\ 19 21 23 25 27 17 19 21 23 25 27

w(CaO)/%

W(Ca0)/%

B3 M4 NiO — Fo B Ca) il MnO — Fo (b)) B AT MgO — CaO () Fl FeO — CaO B (dD
Fig. 3 NiO versus Fo (a) and MnO versus Fo (b) diagrams of olivines, MgO versus CaO (c¢) and FeO versus

Ca0 (d) diagrams of clinopyroxenes
52 H AR & AR AT S R O AT S SRR T 2ok B 220 AR (2015) A1 Li 252015 ; &) IABE & O A« S isbie A e 232k 1
Chai 1 Naldrett( 1992)  Li %:(2004) « PR 51146 % (2008 ,2009 ) ; iz SR e G2 T 3 S ABONE S AR A0 R O A SR ARRE T AL ok B Jia 55
(2017)

mineral chemistry of olivine, clinopyroxene of the Xiarithamu peridotites and pyroxenites after Jiang Changyi et al. (2015) and Li et al. (2015), and

that of the Jinchuan peridotites after Chai and Naldrett (1999), Li C et al. (2004) and Chen Liemeng et al. (2008, 2009); that of the cumulate

peridotites and clinopyroxenites of the Wenquan ophiolite after Jia et al. (2017)

S5 = B R Sy AR 5 (PSS, 20095 4
HifR, 20125 BREGE, 2014); 28 B A H HAF) A1)
el A 1 X e T = T Sk R R, 6 Iz 3
AR B Ll A7 Bk N IR e 3 C RE & i 4
20105 ZEEifR, 201205 b =& M, LA 1Ly
HRE WARE R e e 2 & (M A 255,
2005; XK K%E, 2011a, 2011b, 2011c) . K LA-
ICP -MS V2 3R 15 (1) 1k B e it 25 R hodE Ko i s A U -

Pb 444 0 244 £ 1 Ma(JEIEY, 2015), 124 T =
S, RPIDE T RE S B SRR A e, 55
& AR K BB PR 7 5 28 B sICER B A ABL C 22 5 3L
&, 20150 HiEARERAEENE R A AL
R, WAL 2EREAE DL b 3 5 2 1R FLAE A 4k B B
BRI S R DA A IR by PR 2 R R R AT T B
R AR AL R IR TR 0 C E#E56, 2012)
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