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Noble gas isotopic characteristics and geological significance of Wajilitag
nepheliniies in Tarim large igneous province
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Abstract: Noble gases are widely used as geochemical tracers. In this study, noble gas isotopes of olivine and py-
roxene in nephelinites from Wajilitag of Northwest Tarim large igneous province were analyzed. The results
show low *He/*He ratios (2.0~2.4 Ra and 0.65~0.85 Ra, respectively) and low **Ar/*Ar ratios (342.3~
651.7, slightly higher than atmospheric value). This feature can be interpreted as being influenced by the paleo-
subduction. It is inferred that the south Tianshan oceanic plate subducted southward beneath the Tarim plate in
the early Paleozoic and the subducting plate brought the fluid enriched with U or *He and atmospheric compo-
nents into the deep mantle. Furthermore, the nephelinite magma was produced by low degree partial melting of
the mantle source region with the involvement of the mantle plume.
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(PR IE B o BU 7 BB i DX A7 - 38 B st v b
S, AEMAANE] 10 km? YOI A H 8 A 2 22 E A 2K
B, AR A A BB R R AR R IEK
FBEAORS, FHREAERKENNKE K A
JOK S JEBE B R A K ( Zhang ez al . » 2008; Zhang
et al.» 2013; Cheng et al., 2015).

EA G IR B A D, FE7 W TR
0, A KBt AR CAn AR AR 2448 ) 7 B Cln Bl kD AR
KA A H (U Deccan, Karoos Le Bas, 1989;
Farmer, 2003), I HEZ A5 HAKLLT OIB 1k
P 2ERFAE R R B AE , [N L, — 2822 35 A A B
5 Mg A A7 — %€ KK (Cheng et al.» 2015). 2T
B R BRI 2 DL RS0 55 A 5, R A 1
TE BN N i 2 /b 45 R 5 3 AN 2 — 808 BT
A 3 MR ZE(Vapnik ez al.» 20075 Ali ez al.» 2013):
O &R @ mEHEL © U5 X A5 45 J4 il
W 7 AR L, i R 64k . BRI 3 3t TA
NEA A A R AR a2 T CO, &Mt
Y (Vapnik et al. > 20075 Ali et al.> 2013; Cheng
et al.» 2015, fERF T~ b 2 A8 b (R 44 / s 4k ke it
IEAEAE e, WEFE B R A P P AN ] R R —
AR B R R AIE P 5, M AT SR el L
B T nHAE H (Bernstein et al . » 2000; Doucelance
et al.» 20105 Cheng er al.,» 2015); —Z&INKKA L
YRR U B b 12 B 3 8 A (Hoernle ez al.» 2002
Ray et al.» 2010; Ali ez al., 2013). HIARIFFTT
TRIEHT Z SR AE CLO A 55 J7 1, {5 i T b 5
2 3] J W AR A 1R RE ) T AS e 4 RS A R 7R ER S
B

FUTT ISR BR AT A AR RS LR KK B 44 1 3
FHRAEM (Cheng et al.» 20150, #1%HIA A YRIX A
Sl R AR v 1 R R, T DA Ry B LR K KO 4 g
FERARE B AH B A F 32 it 20 K. Cheng 55
(2015 AR TC 35 HL B M 52 A1 2 10 sk 44 27 e IR A
h U HLIEAK A A ) b 5 X LA R AR Ak IR R
fiE, FEARYE Mg [FI A7 25 7 Bx 48 H I DX 0] B8 A7 7E 0 o
WIR Eh o o AR, HE A A R R AT 7 3 Se-Nd [
72 A, 3X I AN 5 0 I B B R ) I N AREAE AR —
o DRI, B2 A 2 A AR X () A AR AR/ 475 A ok U
Wik, WA T A2
FAE R AL 27 75 B 7] W] A R0 B3 08 5 2 S U X
REAE , M BROK A 1l 52 i 0 8 AT LA W 5 AN [
RGN R HE . BT ABEFE R W, b BR Y] 4R

JE I R K BH A, *He/*He 1679 120 Ra(Ra A
K P He/*He 16,1 Ra=1.40 < 107 %), fEHLEK
AL, Hu b SHe N4 He RS Bt 1 A B &
K, RN T U Th 3822 AE FHAN K™ 2E 4 He, 143 12
1% SHe/*He {H A Wr F% ik 22 249 8 Ra ( Gonnermann
&Mukhopadhyay, 2009), @17 H1H Z i A (MORB)
He/*He H Z 4 7E 8 £ 1 Ra(Ozima & Podasek,
20020 VRN BT 25 AR BEBUIG, RN AT fE 52 3
EP RO 5, O He/*He B AR A YE B K, — 0y
5~50 Ra(Starkey ez al.,» 2009). HubZ >R A K
HAR = P He/*He {8, W12 WK Loihi ¥ 1) & 44
R O> G RN 4 il 9B 1S He/*He H3X 24.5 £ 0.5 Ra
(Trieloff er al.» 2000). Huze T L AR ER S, [F
I U Th &SRB, 3 8050 He/ He UK &
470.03 Ra(Ozima & Podasek, 2002). 5 He A,
Ar FEA[R] 008 45 P i 53 0 DX AN R v g Xl
H(MROB* Ar/° Ar (A4 78 Bl HK, 1 AR K- i
21 580~4 370 Niedermann et al.» 19970, JE KP4
J) 426 ~ 42 366 ( Marty and Humbert, 1997), {H
MORB [F*0 Ar/% Ar {H ¥ 38 % 53 4ii § 296 ~ 12 0002
) CE A EAE, 20030« Vi X lE (OIB) I Ar/® Ar
EAE A YE H 5 MORB 2681, $5 A1 A) 238 K <A
(Staudacher ez al., 1990; Vaibracht et al., 1997),
fH OIB 1% Ar/% Ar i — B+ MORB fi, H.% £
HAEL 000 A CEy B JE 55, 2003) . (A, KA e
ISP 50 55 A B AN R ) Hes Ar [FIA7 25 i 14
He-Ar [V 28 0] DL R 7% 5 b 18 A8 A0 1A/ 475 44k
PRI A RORER ] o

ARSI R BU s LA R A E R AR A 3R
FRVRIE T, A 7 B3 R A 2 R DX TR AT A A / s A 1) SR R
DA S PP Al g A 4 T A s iR 3 gk — 20 k4l

1 HFUR S e A AR AR

P& RARMRYAL T B 5 A6, B A6 e Kl
Ll R IR B de Ly R BT R 4 1L A BT BR R,
e BB =R AR 2 — O A
2014). 5 HLARHR B 3= By g 28 Al 38 M A 1
DURA S JZ A s, 4 R Ay 3 P 5t e b 1) B m] K140 A
SR, RIUEEZERRE . B AR BE R LSRR L b e
B VU R B B e B A AR R P (T 1), BE
RIRPCA TSN AE R B d 5 ZY, TE R T KM
B ek R 2 S a4 s 3R EE 4k S 1l Kok
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Fig. 1 Sketch geological map of Tarim large province (modified after Li Zilong et al.» 2008 and Zou Siyuan et al.» 2013)
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RIS S K DA B 8 R K ik R o ik 55
KA ik i . MR A N BERE, SUil LIS M H R oA
FAICHIR AR R A0 R J5UE A B AR AR A
IR A S KR B AT (R AL, 2009;
Zhang et al ., 2013, 20165 Xu et al., 2014; Cheng
et al.» 2015). A BAE A WRIE AR Ve 3 R AR
P IV AR b AR HUARCK K o 45 166 4]

BAETheA B 280, BOR S5, 328 R g
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Fig. 2 Geological map of Wijilitag area and sampling position (modified from No. 11 Geological Party, Xinjiang Bureau
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Fig. 3 Photomicrographs of the Wajilitag nephelinite ( crossed nicols)
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FESEEE G, AU R GEAE 130°C Ml R HRE 2~3 d
DA BRAEAE T 2 B R o A8 028 1 4 R AT

FHZ11 500 psiC1 psi=6.895 kPa) [k JJ Ik A
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AT T R R AN B VA B T AR B Ar DL R Sk
DR, He #RBRAE T2 10 K BLFHIAZE, R 5 IE

@ HraEs T HUTORBL. 2009, BraR ELAE B FUR AR LB EBR T TE A IR



%43

FLYESEA: B HUR KOS 48 BU 7 HLBE R B A A WA U R 3 A e e o i X 585

PRI EE 35 K IR BAIN . He. Ar [F) A7 28 I 5 7
Noblesse #i 3 A TREAY F 56 B, %X ERCA 1
ANERLE MR 3 AN LA 88 2, AT [ IR 3 A4S [
FrzR e AR KT 700 105 73 95 3 AT LUK He A
HD 43 ¥, 5256 W 4E B, 29°He M TFECK T 1 ops
I, HD RS2 AL A EANAE A, 5 DL AR DAy 0 2 40
FIAKHE 2 — o A ot Bl 5 SR DU A O i e ok 545
B, BRI AR R T S /N T 100 H FE
it 7E S 25 W 4 R il 0, FRECN T 100 H
(AR it Bt ok v S AT AR W 2 (Burnard et al . »
19990 M A7 MR [R) A7 22 AT A BEURE 272 o 1 ot By
BRI FRI 7 F M A SR S 56 % (Noblesse i A 04 5T

WSO FE R TEAH S B0 IR S WTHR He 552011
3 iR

3.1 HelRMfiZk

X PO BB A A RO A AT 1
P AT MR R 22k 2 SR 2% 1. B A 4 He %
B 0.5 %1077 ~0.7%x 10”7 em® STP/g,
SHe/*He fH M 2.0~2.4 Ra; ¥iA1 14 He & A2 LE
Flh 46.0 x 1077 ~358.5 X107 em® STP/g, *He/
*He 4 0.65~0.85 Ra. R AR, MM £ 14 He [t
WEAA, T3 He/*He {8 ¥4 &1 o

1 REEEREREHREASKRMNESMER
Table 1 Noble gas isotopic analyses of olivine and pyroxene from Wajilitag nephelinites
B - g “He (10 7em?® e/ He( Ra) OAF10 7em® “ArT (10 7em?® 07/ AL NN
STP/g) STP/g) STP/g)
NP-7 MR A1 0.2 0.7 2.4+0.2 0.4 0.1 342.3+2.8 0.183+0.005
NP-5 b A 0.2 46.0 0.65+0.04 1.5 0.4 416.6+3.4 0.186+0.005
NP-8 HURbE A 0.2 358.5 0.85+0.05 20.9 5.6 403.6+3.2 0.185+0.005
NP-4 R A 0.3 71.3 0.65+0.04 6.0 2.2 470.2+3.8 0.189+0.005
NP-1 MR A1 0.3 0.5 2.1+0.1 0.2 0.04 382.2+3.1 0.176+0.006
NP-2 MG A1 0.2 0.6 2.0+0.1 0.3 0.1 441.2+3.5 0.185+0.006
NP-6 Loy e 0.2 81.0 0.75+0.05 4.2 2.3 651.7+5.2 0.188+0.005

3.2 ArlIfiZE

AR T2 R, WA 0 Ar S B AT LA
0.2X10 7~0.4x10 7 em® STP/g, “Ar/*°Arfii H
342.3~441.2; AP OAr T BEARIEHY 1.5
1077~20.9%x10"7 em® STP/g, * Ar/* ArfE 4 403.6
~651.7- FERFOAr/O A B AR, $B0% 5 T K
SAH(295.5: Niers 19500, {HARA A7 FHE A 4] G B 2
25t o FUBRTBUEH PE RO Ar ™ TGO Ar/3 ArE A 290.3
~297.6, Bt K S1H 295.5. “Ar/SOArEAOAr &
AW AR G R, R WAL i A 52 1) 5 R 2
MR G K =R CE 4a),

4 He

4.1 1K He BfIZEILEMER

HoEK He [FI7 25 bUAE H Hiuig 21 3 5% A% A0 9 ] 4
KB J UG K 2 el (MORBD Y
He [F7 2% tLE Z £ TE 8 £ 1 Ra(Ozima& Podoseks
2002, 1M & 2 iU (OIBD I He [RIA7 R LU A 5~

50 Ra(Starkey er al.,» 2009, 24430 Fl K Hom T
MORB. Hi52 (%) He [FIf7 2 HAEZ 4 0.03 Ra( Ozima
& Podosek, 2002). FLT H B K B5 40 5 WU Ao Fn e
AR I AR 3 H A AR )3 He/*He 185, 5 8%
WA 852 T 2 A i ) B AT AR M A A 2R AL, Tl
W% 2 Wizt AR M X (Yamamoto e al . » 2004) LA S+
V] 250 0 9050 B A4 O HE 455 1997, 20025 B 1 R 5%,
2001; ZELEVTEE, 20014, 2001b; 585 e 5%, 2005; #
I, 20065 AR, 2007; 4 5EEE, 2013), (HEH
BART 2 8 MORB A5 Hbs kA7 % 1 b 5
X (Kurz, 1991; Hilton ez al.,» 1993805 K K BUA
BHFKIE A (Ozima& Podoseks 20020, PL S 4k
KA (Matsumoto et al . » 1998, 2000) BX#H(Dunai
& Baura, 1995; Gautheron et al.,» 2005 )% #iL 4K
Bl AL AR 4b) o Fi AT HUE AR B R KO 2
A (PRI 5 DA O M A 5K K A 8 A R B AT
i ¥ He [FA7 38 FARL, T P A R0 0K K s 48 BN 7
A IR A3 He/*He i1 12.7 Ra(Basu et al . »
1995), PHHE B = 3 BiUE B it 3 He/* HefH 15 30 . 74
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HABB R : AR CRIE — MRS  Matsumoto 55C1998, 2000 BRHKRE & A7 Rl b2 4H Dunai & BauraC1995) . Gautheron 55(2005);
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Data sources: lherzolites of Eastern Australia ( Matsumoto ez al.» 1998, 2000); European subcontinental lithospheric mantle (Dunai & Bauras

1995; Gautheron ez al.» 2005); mantle xenoliths from Far Eastern Russia ( Yamamoto et al . » 2004); mantle xenoliths from eastern China (Tang
Huayun et al ., 2007); Fe-Ti-V oxide ore-related mafic-ultramafic intrusions in the Panxi area (Hou et a/.» 2011); MORB (Kurz, 1991; Hilton
et al.» 1993

Ra(Graham er al ., 1998). #RMAHE > E 52 =2 W
HiE AT BYOK ks B R AL He/ *He fH, 0 U
JE R KB A N AR A Dk — B Bk T A
ROWE A A1 41 3He/*He 1 #8184 0.1 Ra(Hou et
al .5 2011, R FEA Lb 75T A= AQ R I % 1A He/ Y He
%A 0.035 RalMarty et al.» 1996). UJE LK
KOS BRI He TR 28 EEAR BN Sk A2 40 o 48 FH 1)
W (Hou et al . » 2011), B FEMR LE W 6k i & ol 1%
(1) He IR 25 LG AEL 4 A A 418 1T B 2 Mg 9058 X A7 76 K
SBUR M He, I Ho 2% BTk R b 52 21 b 52 VR e 1)
5 (Marty et al.» 1996). T F0H BE KA A
H LW AR I He [RIA7 25 LUAR v BE L], R 1HDRE 2
— TR .
4.1.1 KRG

R IR A A AT DL I i 0k N B b
o ARR SRR AR BRI, R He & &4
951076, T8 i I o AR H E N B Huig b He 1R /D
(Ozima & Podasek, 2002). M4k, & A1 #F 0  #E
£ He A LGAE R 0.65~0.85 Ra, KL
%, BRI 1] BB A7 A D 15 K AR A0 8 N 20 M b Yt X, (R
STANRE FH M8 Y5 X O T BV A R (K S He/
He HMTE R

4.1.2 HhseiRyE

A A AR 2 Hh SE gt b 3 1) ) e R AR T RE A2
FIH TR YAE R o A BL T B RS B A A M Bk AL
SERFAEIE LR W], (37Sp/%0Sr), Fl eNd(¢ )5 K il Hh
FEAHEL B A B2 005 VR AR, OF HE o A A T %
ERIEVEE v 3TN SRR PN i = SR RN
[A](Cheng et al.» 2015), BN K FC s IS EE A
FAE A R B A R AR AR I T Rl e TR AR
JIT M3 He/*He {H A g FH Hb 72 L il
4.1.3  JBURPERIRY He 1 & 4R

JRUR P J R Y He W] fig A Y A P AN+ 52 U5 4 o 1)
TR G FN ) A S TR T o 7 2, Wi D i bR, S
T RE AT U PR B R He 1) 32 2R R . 5 st
KGR AFEAT Y S 1) U-Th A4
TR P R IR R4 He s AT 3 B0 He/ *He fH I BFAK . Al
MiA I A AT UsTh & &, eI m
A UTh S EHEHEE, HAX He=8x28Ux

(e}\238U><t_1)+7><235U>< (6/1235U><z -1 +6><232Th

X (T 1) R 38 A8 % 0 (Dunai and Baurs

1995), 2% Cheng %5(2014) 5 FL HES A B2 A 4 B
5 FHALL R 385 T S5 AR DX AE PR 4 A R 0 A A o
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W4t o E A, A U A Th & &5 )
290.014 110 5H10.063 7 < 10°%, & EIFH A4
%t 1% S5 28 A B B IR TS 1 R He 2000 5.59
10 Sem® STP/ g, R BB L SR He HHA™ 0 & b 0]
AN 1%, W2 5.59 %10 7em® STP/go 11
B AT AR AT R TS A BI04 4%, TR B R4 He
AR T EAORBUE A o K 5 A8 R 0 R T8O
F K4 He 5% 5 3He/*He E4 0.71 ~0.86 Ra, 1541
XA, X &5 IR /e B Ah I S 3He/*He {H 1)
BEARFIA  dit ks T 1) U-Th 32748 45 7= 2 T8O P iR
1*He A 5, A4 FE 5 H3He/*He F14He N AZAT(E 111
RO, AR SCRIONE A1 R0 R AR i A B 2 S X R
AIRFAECEL 4b), DR mT DLUHE B T80 2 7 R4 He 19
S UK He/*He 1H -
4.1.4 YEX*He A

g5 L FTIR K1Y He [RIA7 2 LU 32 BIR X 2 A1 A
R (1 AT REME RN, AR ) He R 25 oA AT LA
SR X EFAE . Cheng %5 (2015) IR 5T 0 FC i HL
B HS A L R SR Ak M b8 R AE, 1T R L R
AR 5 IR 82 350 20 s il B IR, [ 0 Mg 1)
A7 FRFAE I R FLUR D n] e B AR b B e i 5
A . 84, K He [F 07 2 LA AR T Bk H S A
FIH R PR X . THe I A B HhbE Y X A
s — I B WAR F 5 Hes — 2 MMATRAAE U,
I HEA R U/He 5, BiJE U-Th 348742 K51
*He(Hou et al.» 2011) o XA X HB &t T
R S8R 45 F . RS I AR = 4
He, M2 AR AR H AR He [FA7 25 LA, 1X
75 0 T B AL DR 1 1) 3 5 K N [0 5% B 0 B DX sk, 7
A B He MR R ZMA WA U, A= U
PRSI 2 S T, B J5 U-Th 48 7= A4 K (1)
‘He, S 8% He I E HWAE (Hou et al.» 2011,
KPP 2n] DUSRAE 7, R m DL I A2 7R 2 B0
He A7 2 LA A BL. DRI, 45 & X3 i 75 5,
A AR AT e f T et AR AR R R Ll e B R AR
Hefif i Charvet et al.» 2011; Wang et al.» 2011;
Ge et al . » 2012104534 A7 Pt 52 S0 b v i 4
S, 5 UK He R 2R HUAE .
4.2 ArRMIERER

Ar TEAN [7] Hh08 i# FE i 52 X AR, OIB 5
MORB 140 Ar/%® Ar 8 ¥) AT I 2 K U{E, {2 MORB
i1 11564 000 Burnard er al.» 1997). A i 18
TS A B AR/ Ar (R AR B, W1 H AR B I By B

WA IHER (140 Ar/ Ar {H 73 51 28 307 ~ 1 870 Nagao
and Takahashi» 1993) F1 360 ~ 3 869 (Sano et al. »
1986, F] fig /& 52 3 52/ K Mo b8 A2 A A1 H 1 5
Mo KBl PR AL A0 Ar/30 Ar B S AR AR, G 2R
KAIEA Ar/3 Ar {24 N 308 ~ 6 148 ( Matsumoto
et al . » 2000, W KB Ar/3 Ar 8 I AT K 2 K
S{H(Dunai & Baura, 1995). LiFHEKEASS
U T LU R KRR A8 LA AR AT Bk - B T
AR [ A b DX CRl 9 55, 2001 AR JPE 4S5 20025
R fe Ak, 2005 WISCHEAE, 20065 ¥ 24, 2007;
Mo A, 2013; 70 FEAE, 2014 ZR MK A W ( Mat-
sumoto ez al . > 1998, 2000 FIEKIM(Dunai & Bauras
1995; Gautheron et al.> 2005) %5 K [t B #f &
YA /3 ArfE AR, AHE AR BE AR T AR DRI WG A
WEJE LK K sE 4 (B dad o (HT KR E A S H g 5
D40 Ar/36 Ar A3 388 i (1%, Matsumoto 55 (2001) A1
Gautheron 55200350 Yh 24 KBl 18 Y5 24 A7 4230 K H
(940 Ar /30 Ar B 55 A0 i PRI 24 10E N 218 A Bl 3 0 1)
IR GEA G, I R Bl T g () KA TR G
Ui A o

gr b, U BB A g e T KA Ar/
A I R Ar IR RRRE, W R &7
5 R B H R RE 5 AR HE Lo A2 vh 52 B ORI G
(Czuppon et al.» 2009), Al GEJ& & & KA 511
TR HE N B HLME Y X (Sarda e al. > 1999, 2000;
Matsumoto et al.» 2001; Gautheron et al.> 2005).
SOAr F3He A 8 H O P 32 AR 5 B = 2, Ozima A
Podosek( 1983 TA Ay Hiug 1 (136 Ar JLF- 4= &6 i Hi , BT
DAFE il P30 Ay 3= Y5 H R P He F 22K H T
M8 o S ot AR A PPN R 52 B R R G, 3
HOAr BB IEIN, A0 Ar H3He Z [0 A A7 AEAH 5%
P 5 S M0 5 X 52 320 KA 23 1) 52, 36 Ar AP He
Ao R I IEAH M (Mastumoto ez al. s 20025 75
FEAF, 201400 ASCEAEH RO Ar AP He & & A7
B R A OGP CIE 5O, U W AR B P AR )
0 Ar/30 ArfE AT LA J ke iy 88 58 DX (1) [F) A7 25 R AIE, Mg
Y5 DX 32 B0 Ar /36 Ar (B J5T RIS 00, G4 b 7 5
B8O R AT N BRI YR X . 75 2R
(R, TR ot 25 R B D, A R ) IR UE 3 58 4
HEBRAE S e 22 Ak B0 B 52 B OR A TR
o) AH H T RN A7 55 S 0T Bl 2R ORI B i R
HFCHE R, 2007), AR R h 285 aliik R 4¢
FE 130°C AL R RERE 2~3 d & BRARah R T )RS
SR, DRT I FRATT ST 1) T A R R AR TR G kAR A
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