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Abstract: This study selects Carboniferous volcanic rocks (basalt, basaltic andesite, andesite) in the Hara Arat
Mountain (Hashan) area on the northwestern margin of the Junggar Basin to illustrate its genetic mechanism and
tectonic background. The results show that the three types of rocks have medium MgO content (3.21% ~ 6.82%),
medium to high Al203 content (11.30% ~ 17.78%), and high total alkali K2O + Na20 content (4.24% ~ 7.24%).
Among them, the overall K20 content of the basalt sample is low, reflecting the characteristics of Na enrichment
relative to K, and it is classified to be an low K- tholeiite series basalt; the basaltic andesite and andesite have high
calc-alkali element content and have the characteristics of island arc volcanic rocks. The three types of volcanic
rocks generally show the characteristics of medium-low 8Sr/8Sr values (0.702877 ~ 0.706620) and high eNd (t)
isotope values (+4.59 ~+9.85), indicating that the magma has undergone crust-mantle mixing in the deep magma
chamber. Compared with basalt, the rare earth element content of basaltic andesite and andesite is enriched in large
ion lithophile element Ba, relatively enriched in high field strength elements U and Pb, and depleted in Nb,
showing the characteristics of island arc magmatism related to subduction zones. According to the analysis of
tectonic environment related to trace elements and rare earth elements, the basalt was formed under the derivation
of depleted mantle materials with the background of the tectonic convergence, and intermediate volcanic rocks
recorded the process of subduction of the oceanic plate to the continental plate, which is specifically manifested as
the depleted mantle wedge being replaced by sediments or oceanic crust melts released by the dehydration of the
subducting plate, and then partially melted to form basaltic andesite and andesite. Combined with the analysis of
regional geological data, the subduction of the oceanic plate continued until the late Carboniferous.

Key words: Junggar Basin; Hashan; Carboniferous; Volcanic rock; Petrogenesis
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K1 X 5 T P
(a) HEPEAGH RO (b) THM R 2 AL I R A3 1T IR, (c) A L DX T XA B (4 Rl B R R T
FibE, 2020 &%)
Fig.1 Simplified geological maps of the study area
(a) Geological sketch map of the northwestern China; (b) Tectonic sketch map of the Junggar Basin (modified after [18]); (c)
Geological sketch map of the Hashan region (modified after the research institute of petroleum exploration and development in

Shengli, 2020).

ASCAERE TR P REE N 7 (RRE R IEE AR R Hop, KREFE S HS-4. HS-5 i HS-6
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2a,0) .« ZRZIAEFTERRHKAHMK (55%~60%) , ZIEAHAMA (10%~15%) .
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BRI (25%~30%) (&l 2c,d) , NBEARGEH, FE 5T 32 2 b B SR B3R o ZH A
ZlrE EE AP ERHCA AR (55% ~65%) , HUCOYHRIEA MM NG (2%~5%) , HEi
N ERHC A AR BRI A . B4 (30%~35%) , P LBEFIE; (Bl 2e) , BA

PUREEH o KL o PR A R 32 52 08 10— A8 OIS s B3 2 1) A A B3 o 78 3R
("2

Pl

PI

¥ ol A ) R
B2 il X e - B KL SR YA R E
(8) ZEE, Wik 6, 141.7m (-); () LA, Wik 6 I, 141.7m (+); () ZRL 1A, il 101, 900 - 904m (-); (d) X%
i, Wil 101 3, 900 — 904m (+); () 1L, Waili 2 3, 151.9m (-); (F) Zeiliss, Wil 2 5, 151.9m (+). PI-FHC A s Aug-HE1q 5
Hbl-f N4 Mag-#ieki
Fig.2 Mineral composition characteristics of andesitic - basaltic volcanic rocks in Hashan area

(a) Basalts, HQ6, 141.7m (-) ; (b) Basalts, HQ6, 141.7m (+) ; (c) Basaltic andesites, HS101, 900 —904m (-) ;

(d) Basaltic andesites, HS101, 900 — 904m (+) ; (e) Andesites, HS2, 151.9m (-) ; (f) Andesites, HS2, 151.9m (+).
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Pl-plagioclase; Aug-Augite; Hbl-hornblende; Mag-Magnetite.

2 FEROTTAE

FARES TR EA MY AesD) ek 58 TAE, Jfik e b b5 8 75 5 R i
R A O SRES S AT R R T ERNE . T ERNE . R R i L. HE TR K
F X BRI BEAT 0T, A5 EAE 2% ~ 5%z 8], Al KR o 2R e T 8 P T R
%, BT PWA4400/40 X BRI . X Seriesll FECHE & 45 B T BSACNAS, A IR
FER 23°C, BN 44%RH. Rb-Sr F1 Sm-Nd [Flf Zi@id Triton B HH 8 S (TIMS)
M5, FIH &Sr / 8Sr=8.375209 Al 14°Nd / MNd=0.7219 43 5%} Sr Al Nd BEAT i o 1
1E, I EbrbriEA ARG BCR-2 (XU Wil BOmAR,  DAER R SEoe v m e .
BromdE s A RS BCR-2 (R ) MIE LR ¥Sr/ ¥Sr=0.70502540.000006 (SE) ;
143Nd/***Nd =0.51264640.000003 (SE) . FTiI5 eNd(t) 2 IEA4E#4 4 333.4+8.6Ma.

3 HBERALEEAHME

3.1 HWEIURRME

M LS X R R KA I E TG R TS REER 1, BARRHEW T XA Sio: &
K (45.61% ~ 47.60%) , TiO2 & &N 1.54% ~ 2.24%, MgO & &R(E (5.81% ~ 6.82%) ,
Ca0 H &N 6.30% ~ 11.97%, Al,Os & & (16.74% ~ 17.78%) , 4=hfl K:O+Na0 &N
4.24% ~ 6.57%. %K% 1L SO, & h%% (54.80% ~ 56.54%) , TiO, & &4 0.96% ~ 1.02%,
MgO & &= 1RIK(4.59% ~ 5.57%), CaO % & A 6.05% ~ 6.35%, Al,0s & &4 17.35% ~ 17.49%,
2, K2O+NaxO 54 4.65% ~ 7.24%. % 1L SiOz &5 &8 60.35% ~ 60.59%, TiO: & &N
0.57% ~ 1.23%, MgO & &E/R{% (3.21% ~ 3.23%) , CaO & & N 5.76% ~ 12.31%, AlLO3 &

4 11.30% ~14.55%, 47 Ko0+Na,O &N 6.54% ~ 7.04%.

R 1 IXCARAZAKDENTEE (Wi%) JTTRIPTER

Table1 Major (wt%) element (ppm) data for the Carboniferous volcanic rocks of the Hashan area

B

Ct[

HS-2 HS-7 HS-1 HS-3 HS-4 HS-5 HS-6

i ZUE E3nwAlES ZilE

SiO; 60.59 60.35 56.54 54.80 47.24 47.60 45.61

Al203 11.30 14.55 17.49 17.35 17.55 17.78 16.74

Fe20s 4.73 7.99 9.25 7.33 13.00 12.53 12.42
CaO 12.31 5.76 6.05 6.35 9.17 6.30 11.97
MgO 3.23 3.21 4.57 5.57 6.07 6.82 5.81
K20 2.72 1.28 1.07 1.02 0.26 0.19 0.27
Na,0 4.32 5.26 3.58 6.22 3.98 6.38 5.24



TiO2 0.57 1.23 1.02 0.96 2.24 1.93 1.54

P20s 0.14 0.23 0.35 0.28 031 0.25 0.20
MnO 0.09 0.15 0.11 0.16 0.17 0.21 0.19
Total 100 100 100 100 100 100 100

Cu 35.40 30.40 51.00 73.20  401.00 50.10 24.80

Pb 9.94 5.89 7.41 4.60 1.55 1.76 1.08
Cr 39.30 43.20 82.10 127.00 37.20 12.60 17.50
Ni 39.80 27.50 49.50 63.70 74.00 70.00 66.80

Co 12.80 19.70 26.50 21.90 41.6 43.30 36.80
Rb 61.00 35.50 29.90 14.00 1.69 2.68 11.50
Sr 596.00 377.00 210.00 460.00 433.00 364.00 380.00
Ba 485.00 494.00 164.00 1040.00 75.20 168.00  182.00

\ 99.10 108.00 137.00 131.00 250.00 195.00 187.00
Nb 6.28 511 6.07 5.26 481 3.52 2.74
Ta 0.78 0.60 0.77 0.75 0.93 0.72 0.65

Zr 113.00 200.00 123.00 83.20 165.00 140.00 105.00
Hf 2.75 4.80 2.68 1.73 3.24 2.79 2.14
Ga 12.50 17.40 18.30 19.00 17.70 16.60 14.20
U 1.89 0.47 0.71 0.53 0.12 0.10 0.13
Th 3.97 3.96 2.69 1.62 0.35 0.32 0.22

kg m AR E (8 3a) , FEM EEAER-FEEE R, B REsE . TRl
ERZIE. 2 Si0-K0 KAKE (B 3b) ifrfsth, XEla EZONRARH RS X
zilg . g FEyh-me it 250, XA R A RN ESREY, Bk K0 &
BRAK, AT 0.19% ~ 0.27% 2 6], RIEMRRE . KalR a5 % a2 &
Tk i T 2R KULCE R - B IRTE R 51, BV RMESR A & = A E
AR LA R AL o

(@) (b)



3 M LI A R R K Ll R AL 2 R AE
(a) TAS Kl A v GU AR SCERIL9]) ; (b) K2O-Si0 R RE (US4 SCEk[20])
Fig.3 Geochemical characteristics of the Carboniferous volcanic rocks in Hashan area

(a) TAS volcanic rock classification diagram (modified from [19]); (b) K,O versus SiO, diagram (modified from [20])

32 WMEITTERE
Xz X KA A TH#G e R T, FEXS M & SR TERRL R A AR AL AN L (GR 2). &5

FEIR, ZX KSR S ER, YREE =(85.98 ~ 213.41)x10°, “F14{E A 118.80<106,

2+ 0% LREE = (45.83~143.24)<10°%, *F ¥ Jy78.41x10°, &+ 7t % HREE =(20.38~
70.17)<10° 4 40.39%10°°, LREE/HREE =1.10 ~ 3.22, “F#Jy 2.12, (La/ Lu)N =15.75~
91.43, P35y 47.66, Sk LiZX KR B LRI, KA B R IR 1
AT HEAM L EC AW (B 4a) .

%2 Wl X AR KL E a0 (107 TE s R

Table 2 Trace element (ppm) data for the Carboniferous volcanic rocks of the Wulungu area

RS HS-2 HS-7 HS-1 HS-3 HS-4 HS5 HS-6
HiE ZiIlA ZRZIA Zs
La 1760 2490 1660 1280 884 738 567
Ce 39.00 624 3590 29.60 2690 2280 16.80
Pr 4.68 845 512 360 402 348 285
Nd 1910 3740 2190 1520 1970 17.40 14.90
Sm 4.01 805 452 309 531 460 421
Eu 0.90 204 125 131 167 151 140
Gd 3.72 759 383 299 48 444 399
Th 0.57 131 058 041 092 08 075
Dy 3.49 802 340 241 579 518 493
Ho 0.68 160 063 046 112 103 101
Er 1.94 460 168 124 308 284 275
m 0.29 071 024 016 044 040 038
Yb 1.93 473 152 107 286 262 257
Lu 0.27 071 020 014 039 036 036
Y 1820  40.90 1610 1150 2840 2580 24.80

YLREE 8529 14324 8529 6560 66.44 57.17 4583
YHREE 31.09 70.17 28.18 20.38 47.86 43.49 4154
LREE/HREE 2.74 2.04 3.03 3.22 1.39 131 1.10

FERG L0 R BB A bR AL S 20 B b (] 4a), XA Y REE = (87.37~114.30)<10°, F
¥4 100.78<10°, LREE = (45.83~66.44)x<10°, “F#°y 56.48x10%, HREE =(41.54~
47.86)<10°, P33k 44.30x10°, LREE/HREE =1.10~1.39. (La/Lu )N =15.75~22.67,"F-% N

19.64, iz EM MR, B A N gs A H, AR La. Ce & BHIRAIES
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fiE, HALEr LS N-MORB AP g 2 lUa A — @M e, Xz liafz s
YREE =(85.98~213.41)x10%, “F1N 132.31x10%, LREE=(65.60~143.24)x10°, VN
94.86x10°, HREE =(20.38~70.17)x10°°, “F#>} 37.46x10°, LREE/HREE =2.04~3.22.
(La/Lu )N =35.07~91.43, “F34) 68.67. ¥ EM L/ MIE, WMo b2yl Bama,
TERE A TSGR, R SRR R o R 1 45 o R B R A SRR X D
RHATRE .

[FIRE, (EfECREGHE Rk B b (B 4b) , KR A s e R
2R S IAT RS, 5 QAP i 2 40 A B AR 859, LA TR AR RIS
Fo ZZIA . ZIESZXREMEL, KEFRATCE (LILE) (W1 Rb. Ba) s&FIE 4,
A IGE (HFSE) U. Pb AHXT & 4E, Nb T#i, IR oo s Bolasmit iy
RN, 7 K U o M RS AE 5P o R U AR PSS, Rby Ba. K S5 KES¥3Rf
TEREIHIERS, Nb. Ta @75 oc 5 ONMES Fur s, AR AVE R IR 2R

Bl 4 () w Ll X Fr R B A B b 0 3R BRORL R R AE AL IT 3 18 (PReE AL B 9 SCik[22]) A (b) e 0 3R R ah i i
PRk B (BRE AL G 5 SCiR[22]), E-MORB, N-MORB, OIB {8 4% SCHiR[22]
Fig.4 (a) Chondrite-normalized REE patterns and (b) primitive mantle-normalized trace element spidergrams for
Carboniferous volcanic rocks of the Hashan area. Chondrite-normalized and primitive mantle-normalized values are from

[22].

3.3 Sr-Nd FALRHFE
X Sr-Nd AL AT A, W L X R K Ll R B P TSRS i L i 4 Nd
(eNd (O KT 0) FIRFIE (38 3) - 87Sr/B0Sr i 7E — 5 ¥ Fil 9 42 4k (0.702877 ~ 0.706620) ,
ZRAH OSSR T XA s . ZEUA M eNd (D (B T+9.81 ~ +9.85, %«

LA eNd (1) {H N+4.60 ~ +8.67.
%3 Wyl HLIX A R R KL Sr-Nd R AL 2 4L R4 i 4t

Table 3 Sr—Nd isotope compositions of Carboniferous volcanic rocks from the Hashan area

=y #RS 1Sr/eSr SE Rb(ppm)  Sr(ppm)  “*Nd/*Nd SE Sm(ppm) Nd(ppm) S"Rb/*Sr “ISm/“Nd eNd(t)
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HSs2 0.70662 0.000007 61 596 0.512721 0.000005 4,01 19.1 0.296089423 0.126928268 4.59

ot
E
i3

Hs7 0.704834 0.000005 35.5 377 0.512937 0.000002 8.05 37.4 0.272364453 0.130134887 8.67

Hs1 0.705716 0.000008 29.9 210 0.512866 0.000003 4.52 21.9 0.411863019 0.124783313 751

ZRRWE
HS3 0.704365 0.000004 14 460 0.51286 0.000004 3.09 15.2 0.088026553 0.122906958 7.48
HS4 0.702877 0.000004 1.69 433 0.513067 0.000005 5.31 19.7 0.011287014 0.162971275 9.81
ZXRE HS5 0.703324 0.000007 2.68 364 0.513062 0.000004 4.6 174 0.021292794 0.159841976 9.85
HS6 0.703889 0.000009 115 380 0.513084 0.000004 4.21 149 0.087526085 0.170836371 9.81
y, )
4 T

4.1 KL RRENLH]

BT Sr-Nd FIfr KM, WFEIX A MORB HHF X B B 2 1k B 5 8
S i, T % LA A L ERE R E B SR S TR IR IR A R T, R TR K
B EONIIRE KA R, B EHSEa fm C(B 5D H41 5 5908 K L
EARML. gl A R LA A RS A i BN AR, HKE SR ATCE (LILE)
(41 Rb, Ba) 5®FIE4, mizHiE (HFSE) U, Pb MXT &4, Nb T4, XEAHES S
P2 1L BRSY Bh 28% EA MBI, B Hh 2% b IX 4 3 3 0 e i R 5 56 1) 5 9 4 A P 220,
454 Nb. Th. Zr 580, RPERKGERTER-BREG SR, RAETZRER (K ed) .
Z U FE A Zr/ND 18 (15.82 — 39.77) Fll Hf/Ta {8 (2.31 — 8) 3@ K T & X i & (OIB) (Zr/Nb=
5.8, HfiTa=2.9) , H -5 Ky H Z R A (N-MORB) fJLLAE 4> #%3 (Zr/Nb=30, Hf/Ta=15.5) ,
T Z A BRSOk [ 2600 MORB HHIE (5 HiIg X . % %5+ CelPb (6.43 — 17.36) #lI
Nb/U LUf (9.92—40.08) fik T X A 124%5] (Ce/Pb=2545, Nb/U=4747) , BiHH T A%
PR DX A M SR I o [T, IX 4 2 1Y CelPb HUABRT ND/U HUAB A B SiO2 & &)
S SRR AR S, X5 RS 7V e (K R — 5, DRI HE TS AR F 51
SR YA A ER PO, 52 RARE AT, KR LA 22 1L 1 Si0, & B,
MgO Fil Fe:03 & B4 MK, (HFIRERILH T HIIB M4EIE, BOREAE T HZRAE RABKR,
Kzl R 1L v] RE TR 7 SR8 1 5 S 4t A B VR P TR A, J5 HATE I i D VRN
TEZHFER, 2R S DR s A AR E o
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K5 w3 X FrR Bkl Sr-Nd R R I (45498 3CHR[27]), LC: FHh5%E; UC: kiife; DM: 5iiihig

PEAENE R BNk ILA 4 51 H Geng et al. (2011) [28], EMEE¥: MORB #i## 5] Stracke et al. (2003) [29]

Fig.5 eNd(t) versus ¥Sr/%Sr plot for Carboniferous volcanic rocks of the Hashan area (modified from [27]), LC:

Lower Crust; UC: Upper Crust; DM: Depleted Mantle.
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4.2 MEERES

ZR LR, e Ll XA R AR KL R T 5 D R AR [ KR AR R (Y SRR KPR
S ERU IR ECPNT 8 Al N N BUR P A= v o) D AR N RN R T e v QI T B =y kg Tl
HyORBET HIE T 5 R ME R JK 5 . @i Thy Yb. Nb S570F MG B0 K
(H 6ab,cd) , FATRZHARA EFEPEZEA R, H2ZIER% M Rb. Ba, KR
MG H ) Nby Ta JoaR 59U O3B T AR R o Bbdh,  vHEB) /R 2t v s [ X 1Y
MORB HHEMHHE X iUA (ca. 315 — 290 Ma) AXF T A iy = 9%, A e tht v g 44
P R S I8 25 A 58 2 SRR ES /R 3t G 3 A2 A2 (T AL T - Vit PR A B .ty S A oy
i FE B R R A R A A X O PRI A R0, R R e R e . B
R BB - PR G 7 DX A IS T S O - B R B dat,  FRATTHE R X
Hy BREZUCA . ZIE TR B IS KRG Sy glZIAL, I B 5 B8 ) R R 45 i 2 1
TR R A R-SEEA 28, AR, R s IR 1 2 Te ko, RN
XAIE T SEARBIC IR IR -5 T I 2 SIA BB 2

(@) (b)

(© (d)

6 M L XA R AR K L A I ) P

12



(@ TiOz-Zr WfiF  GAFHESCHRI33D ; (b) Nb/Th- Nb Efi#; (c) Th/Yb - Nb/Yb R GAFE SCHR[34D ; (d) Nb/Zr - Thizr B fiF
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Fig.6 Tectonic identification diagrams for the Carboniferous volcanic rocks in Hashan area
(a) TiO, versus Zr plot (modified from [33]); (b) Nb/Thversus Nb/Yb plot; (c) Th/Yb versus Nb/Yb plot (modified from
[34]); (d) Nb/Zr versus Th/Zr plot (modified from [35]).
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Fig.7 The model of tectonic evolution of Hashan area
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