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Abstract: The systematic investigations and studies of the back-arc basin magmatism can provide important infor-
mation for exploring the crust-mantle interaction at the converging plate margin, plate subduction dynamics, and the

formation-evolution mechanism of back-arc basins. This paper presents a comprehensive study of petrography, zircon
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U-Pb chronology, rock geochemistry and isotope geology for the Permian mafic rocks recently discovered in the
northern Yushu area, and the data could offer key clues to understand the formation mechanism of continental back-
arc basins and the origin of mafic magmas. The zircon LA-ICP-MS U-Pb dating results show that the crystallization
age of the gabbro is 260+1 Ma. The basalt samples have relatively low TiO, content and Nb/Y ratio and relatively
high Ce/Nb ratio. Compared with the primitive mantle, those samples are significantly enriched in elements such as
light rare earth elements and Th, and depleted of Nb, Ta, Ti, and P, etc., which are similar to the composition
characteristics of typical back-arc basin basalts (such as the Okinawa Trough BABBs) in the world. The gabbro
samples have relatively high TiO, content and Nb/Y ratio and relatively low Ce/Nb ratio. Those samples are signifi-
cantly enriched in elements such as light rare earth elements and Th, and slightly depleted in Nb, Ta, and Ti,
which could be comparable to those of OIB. The basalt samples have variable I (0. 706 ~0. 709) and eNd (¢)
(=1.8~+1.3), while the gabbros samples have relatively uniform /(0. 709) and eNd(¢) (=1.8~-1.5). Based
on the results of this study, it can be concluded that the basalts should be derived from a lithospheric mantle modi-
fied by subducted components, while the gabbros might be originated from a mantle plume-related source. Combi-
ning with new regional studies, we propose that the mafic rocks in the study area should be formed in a continental
back-arc basin environment, and the formation of the back-arc basin could be attributed to the slab-rollback caused
by the deep oceanic subduction and the activity of the Emeishan mantle plume.

Key words: mafic rocks; continental back-arc basin; Permian; North Qiangtang; Tibetan Plateau
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The tectonic location and simplified geological map of the magmatic rocks from the study area
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SCE WA AT B2 T, SR, BT Mg (B FRAIG, A
i) CaO/Al, O, Fl Sc/Y (HZWTIAR , 5 AT A 4
B I RRIE BB 7). RER A BA M
XFEEH ) MO & i F Mg (i, {H 2 Bl Mg (B B %
ik, HoCr Ni &8 Se/Y HABE BT Fps (F
7) 5N HIE B R R 28 T T PR ARMEE A Y o S 4
fbo DLAN, FEM 1 o0 K BRobr Bt A b o AL i L (&
4) , ZRAFEM BRI Fu %% (8Eu 4 0. 87
~0.96) (HJERFR FHE M A9 Eu 525 R 5 (SEu Ry
1.01)  FE R Z AR Mt B il & 05 1 /b
BHEET IR 7 B 4
4.1.2 FHRIEX FHEA AR

F Bl 76 TR G X 7 2 B A T 5 3 1 52 i 48
/0N BRI BB 0 28 B3 R Se-Nd ] 437 28 40 1l 55 T
DU S50 7 B 2 S U X b ERfL 2 M TR

AU FE 110 2 B A FE SR X i b 22 i
BB M Th %90, 5 Nb Ta Ti Fl P %70
2, RR ] 55 200 o e R i i B
FUA B RHIER L (B 4) . XL ARSI I, N
0.706~0.709,eNd () fH A-1.8~+1.3, KM H %
YR T — A A 102 A B b, L b s Y X
B3 B AN —PEAR AT BB 2 18 B Sr-Nd [Fl v = AR fk
= R X BB A §FE Th/ Yb—Nb/ Yb & f# 1 4%
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K2 EMILB-BLEHRRENTETE (wy/ %) L HHEITTE (w,/107°) AR

Table 2 Major (w,/ %) , rare earth and trace element (w,/10™®) compositions of the Permian mafic rocks in the

northern Yushu area

Ak ZRA M
HEdhs YS32-1 RN10-1 RN11-1 RNI2-1 RN13-1 ZX01-1 7X02-1 7X03-1
Sio, 44. 65 45.41 50.32 53.08 42.89 46. 85 46. 89 46.56
TiO, 0.85 1.12 1.08 0.93 1.51 1.99 2.23 2.14
Al, 0, 9.96 11.74 14.08 13.56 11.25 13.34 13.43 13.40
FeO' 12.41 10. 64 9.58 8.98 13.09 10. 89 11.43 11.08
MnO 0.16 0.16 0.16 0.17 0.17 0.18 0.19 0.19
MgO 18.38 15.24 8.07 7.51 14. 81 6.94 6.06 5.96
Ca0 8.57 7.65 9.43 7.71 3.68 10. 82 11.07 10. 53
Na, O 1.56 2.37 3.43 4.46 1.88 2.40 2.34 2.57
K,0 0.16 0.13 0.14 0.13 0.20 0.50 0.75 0. 61
P,0, 0. 09 0.13 0.11 0.10 0.16 0.28 0.32 0.30
LOI 4.12 4.12 3.03 2.60 4.76 4.28 4.03 4.46
Mg* 73 72 60 60 67 53 49 49
Se 26. 1 30.6 36.4 34.0 20.2 30. 1 30. 1 30.2
% 239 273 286 277 264 301 344 338
Cr 1286.0 1236.3 195.2 110.2 956.8 123.2 81.3 87.6
Co 82.3 80.0 71.3 57.4 86.6 60. 1 55.2 58.8
Ni 805.5 695.7 121.8 79.3 782.2 119.7 87.5 94.6
Cu 257.1 89.4 113.9 49.1 115.2 150. 1 121.2 143.3
Zn 75.5 79.4 73.9 71.8 109.9 96.9 107.6 108.3
Ga 13.6 16. 1 17.1 16.2 20.0 19.0 21.3 20.5
Rb 2.1 1.9 1.6 1.6 2.3 10.8 23.8 17.3
Sr 116 196 160 149 205 482 575 558
Y 15.1 20.4 24.7 25.9 15.8 24.3 27.0 27.5
Zr 54 86 80 88 98 130 133 146
Nb 1.7 3.6 3.6 5.2 3.3 22.8 25.1 25.7
Cs 0.4 0.4 0.1 0.1 0.5 0.7 3.5 2.4
Ba 17 20 74 68 17 251 593 460
La 3.6 7.0 8.6 11.4 5.7 23.6 26.5 26.6
Ce 9.2 16.8 18.8 24.4 16.3 51.4 56.9 56.9
Pr 1.4 2.3 2.3 3.1 2.6 6.4 7.1 7.1
Nd 7.1 10.8 10.9 13.3 13.2 26. 1 29.4 29.1
Sm 2.26 3.23 3.32 3.68 4.06 5.50 6.02 6.27
Eu 0.77 1.06 1.07 1.11 1.26 1.79 1.98 2.01
Gd 2.70 3.71 3.98 4.08 3.94 5.17 5.87 5.61
Th 0.47 0. 64 0.71 0.74 0. 60 0.78 0.89 0.88
Dy 2.91 3.82 4.28 4.38 3.31 4.81 5.17 5.00
Ho 0.57 0.73 0.86 0.92 0.58 0.93 1.00 1.00
Er 1.37 2.07 2.51 2.58 1.56 2.54 2.73 2.76
Tm 0.21 0.28 0.34 0.36 0.18 0.33 0.39 0. 40
Yb 1.27 1.80 2.21 2.48 1.11 2.09 2.35 2.36
Lu 0.18 0.26 0.32 0.35 0.16 0.29 0.35 0.36
Hf 1.52 2.31 2.25 2.52 2.58 3.71 3.78 4.14
Ta 0.13 0.24 0.27 0.35 0.20 1.38 1.59 1.56
Pb 0.72 1.77 4. 60 2.18 1.85 3.74 4.61 4.50
Th 0.74 1.60 2.88 3.24 0.57 3.58 3.92 3.99
U 0.15 0.40 0.59 0.72 0.15 0.81 0. 89 1.04
SREE 33.93 54.53 60.21 72.85 54.52 131. 66 146. 68 146. 30
(La’Yb) 1.09 1.51 1.51 1.79 2.00 4.39 4.40 4.39
SEu 0.96 0.94 0.90 0.87 0.95 1.01 1.01 1.01
S Rb/%Sr 0. 028 293 0. 029 362 0.064 93 0.119 86 0.089 53
878808y 0.705 632 0.709 455 0.709 03 0.709 4 0.709 33
WSm/Nd 0. 180 626 0.183 334 0.127 57 0.123 84 0. 130 39
Nd/“Nd 0.512 679 0.512 523 0.512 43 0.512 44 0.512 43
t/Ma 260 260 260 260 260
I, 0.706 0.709 0.709 0.709 0.709
eNd( 1) +1.3 -1.8 -1.8 -1.5 -1.8
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Fig. 4 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagram(b) for the Permian

mafic rocks in the northern Yushu area
FRE 3 R e b AR AL (B 43 4 Taylor 1 McLennan (1985) .Sun 1 McDonough (1989) 5 M&JE Ll Ti SRR HR A S BHEYE Zhou 45
(2006) 5 V5 FI SZAR B0 5 A P b 1 BE R B4 Leat 55 (2002) ;5 Okinawa Trough BABBs 444 Shinjo % (1999)

data for chondrite and primitive mantle are from Taylor and Mclennan (1985) and Sun and McDonough ( 1989) , respectively; data for the Emeishan

high-Ti mafic intrusive rocks are from Zhou et al. ,

2006; data for mafic rocks derived from a subduction-modified lithospheric mantle are form Leat

et al. , 2002; data for Okinawa Trough BABBs are from Shinjo et al. , 1999
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KIS EAALE BB BUAHE M A eNd (1) -1,
Pl fi# [ 95 Liu 55 (2016) &4 ]
Fig. 5 Plot of eNd(¢) -1, for the Permian mafic rocks in the

northern Yushu area (modified after Liu et al. , 2016)
U L1 Ti (HT) A Ti (LT) ZECAEEYE Xu 55 (2001) Xiao 4
(2004) Fll He 4£(2010)
data for the Emeishan high-Ti (HT) and low-Ti (LT) basalts are form

2001 ; Xiao et al. , 2004 and He et al. , 2010

Xu et al. ,

SETETEUR 19 3200 P s 1 5 A Pl L 1 55 K B G
Sy BFESEE , B 2 0 25 MORB-OIB Hi iy fL 2k (1 7a) ,
R H A IR AR AT RE 32 200 o 41 43 1Y 52 el
(Pearce, 2008) , LA RFEFRI, ERJ0ET X2 wK

VIR T A 20 P 2 53 Bt 1425 A Rl 1

A AR AR T SRR M8 22 4 2 B AR R
I Th 2502 B 1 Nb Ta F1 Ti, Jf HH B A
SHEKEY Ce/Nb {H (2.22~2.27) , ik B A 5 0IB
KA B FRE (K 4 B Te), BT REEITE
(Nb.Ta Zr Fll Hf %5 ) 75 & 2k A AW (6] an ek 2k 0
W) P A RS i B R 8, R 80
EAYGEEY  Ti 5B R BT B R B AR O
(Klemme et al. , 2006) , Hitt, H Fe-Ti FLWTE R
AT EAEREMIEEMAEATEESEA SN
HFSE JCRWE , F 3 Nb/La Al Zr/Sm {H W B340,
ARURAIE 5T B 5 1 7 i 20 MR [ 3 254, OF B
Nb/La B TiO, & &2 A A2 4B B ALt 1A
KXKFR (K Tb) , H I, BE & Nb-Ta JC 2 4 BV 1% 5
EAARE ALY I HE TG FUE ] AR I B LA AR
T, AT TG Sl ok 5 b e AN 35— Pl A Ry
WA TTA HA S OIB 2B/ 1) 22K &K (Hanan
2000; Saccani et al. , 2013), HF Nb/Y Fl
Zr/Y EDGF b A5 R BE U IX 5 4 | b 5T TR Gy S OH:
BitiJ b AR i R AR R UER, 80 ANB[ ANb = 1. 74 +
log (Nb/Y)~=1.92 log (Zr/Y) | R LAFH AT RCHL X 73
REC YE T b A YR DX i A s A 9 X (0 Ak T 2k
1997; Condie, 2005) , HAIE T

et al. ,

(' Fitton et al. ,
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Fig. 6

Plots of FeO', TiO,, CaO, P,0, Cr, Ni, Sc/Y, Nb/La versus Mg" for the the Permian mafic rocks in the

northern Yushu area

58 00 PR R R A B AND /N T O, T R U T b e
FEVRIXHY AND FEAERT 0, AU FE B9 K e R i
HA MM AND(0.3~0.4) ,7E Nb/Y-Zr/Y Elfi
T VR TE OIB I N (& 8d) . (HAHT EMZ,
MK A FEM B Nb/Y Fll Ce/Nb 45 H AR LA K Fi 4 -
T IO A AR S A LR KO8 T s T X
A A Ti R R A S A s B S (5] 4
Kl 7) , 3 HIFL Se-Nd [R)437 R 2 Al 5 i i 1 36 3 X
RA TR 5) o X SRR [F] 4 7R A A
i AR T RER B —> 55 MUl A AH SC R X

T3Ab X PR R e A i 2 B AR R Y
Ce/Y fH(/NTF 3), S e Hb i Y X 7 1% Ak F 42 iy
A1~ 1 A1 F2 € 38 ( Mckenzie and Bickle, 1988)
MR A MR 2 80K A AR AR (Yb/Sm) | -
(Th/Yb) I b 8 KR AELR i A1 — 0 A A Rt
AR E N (1 8) .

MG ESCH e, AP FIA K ER AL X R s
AR AT BRI T — 1~ 52 i 2 53 e 3 1) 25 A el e
MR A N R A F—A 5 Mg A A S R X, P
1) b 5 DX AR A 2 A I DA R A7 -5 b
TR O O B ES A TEE Sl R R T fig
22 7 BRI SORHS A o B 2
4.2 HMIFNFEENX

ARG L BA R TR LR TR o A
S eI o RN W R w2y
( Okinawa Trough BABBs) B/ HFIEZE L, 3X 265 41
RS ELAT T A FEBE () Th/Yb (B M X & B9 Ce/ND
(B FAXHIRH Nb/Y {H, 7 Z PP T il it o R LU
1R 0 590 [ g rh B85 Y9V AE Okinawa Trough IV 7
LB AT A (7)) R L JE S AL Zax BBk
BRBUA R NZIE T — IS A ) B vh AR
KT C 2 AE b IEYE b AA b B o iy € sl AR i
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Nb/Y-Zr/Y ( Condie, 2005) for the Permian mafic rocks in the northern Yushu area

2 (FlanHcE oot AT 28 He et al. , 2013) ,JF
HAE XS 2 R3] T2 4.0 Ga (7 B85 A (faf i
WA 2011) i — AR RIL B IE AR TN IZ R B
AR, BeAl, S 20 i L SE IE M AR
AL Z2 10 9 23 1l Y BROK AR AE T (% R 4R 4%,
2010) , VI BAREILFEI RIS IE LT -1 =
BRGNS A, SR, Mo Bk 1 JFE Bir A (45 o
K Z AP RE & B NG 7 ( Sdrolias and Miiller, 2006) .
SVE -V i A R AR LG, 7 - B AR b R R A AR METE
BN 28, HAT S A D EOR Bl 9IS 42 (491 4n
Okinawa Trough ) 17 %& B4~V — i Iff Py & & ( Shinjo
et al. , 1999; Keller, 2002) ., MB4 , Mit27edtIETE
X BB & B B RIS 2 We? 5838 2 ML
PR 3R B0 XIS ) s e i T 4 1 9IS 2 b Y B
g7

XIS 3 1, A6 IEIE AR A T IR A - XU
G A A -FR IR 5 61 VE Bz ), Hoh e R4 -
XU A8 Gy 30 A R S R v R T A E A
% (Metcalfe, 2013; Zhai et al. , 2013) ., 7EIZZESHT
JELRE 194 28 MORB B B 2824 (357 ~ 345 Ma; Zhai
et al. , 2013) FE/R i FE A2/ DAE R A B E &
e, B F A, LI HE A JE T R ok B IR
IK B PIRE RV KRE, BT — B 2 208 il — 1> #1
R KA ol RR R 3TV 4 (Metcalfe, 2013), X% 4%
G P R M R A TR Ac- Ar AR IR 2 45
H 282 ~275 Ma, & B b K AR A 7E 282 Ma AijEL
233K 20~50 km BYRE (X AOLE, 2002) o 5Kk
F(2014) fEEIE B ibv s b R T 5 STl
A RIYIRIR v B, Hog5 AR 20 272 Ma (1K 2k
S5, 2014) o TN A ST H I Rl B — LR AR X T )
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Fig. 8 Plots of (Yb/Sm) —(Tb/Yb) for the Permian mafic
rocks in the northern Yushu (Zhang et al. , 2006)
(Sm/Yb) p Fl(La/Sm) , N UG HUMEARHEAL T Y HUAE R (A 2R
AR A AH A ( Gar) UK R BTRR & 43 LG 5 GarO X7 T A1 MK
ESRiNpIES
(Sm/Yb) p and (La/Sm), are the primitive mantle-normalized ratios ;

the light-colored lines show the percentage of melt contribution for the
garnet facies mantle ( Gar) ; Gar0 represents the spinel peridotite-

derived melt

A [ ARG AR 0T ( <20~30 Ma) FARGEESE fF ol
WA F 75 ~ 85 km; Defant and Drummond, 1990;
Wang et al. , 2008 ], K, A Re 0T A Ty JU AR op 2270
TR T 303~292 Ma, R £ Bl il A AR AR 1k
TR 22 e T 272 Ma, B HGE B SEHE H AR5
TEFCTRIN A SRR A S B4R % S 237 ~230 Ma

(Zhai et al. , 2011; Dan et al. , 2018) , FiE 25 Jifi 5
FITIRAFERE K 222 ~ 203 Ma( Zhai et al. , 2011; Dan
et al. , 2018) , IXUEHERIRIIM 272 ~230 Ma Z[H],
P A V8 HR AL T TR AR b 60 T T AR 2 1 7 T Iy
Bro TERXFRGOLT , Gt KRR 1) 8 S A AR T
A0 S T IR o ) DRV A VB %8 B, 5 R A e T4
MO hrsk 2% 5 2L S b (09) .

SRUE ARG AR AL 5 B 48 e A A i 2y
P & B TE B mOR G AT, i B R AR A
B2 AE IAIR s 2 T BB T AP Pt 22 0 1 ok
Z ) i A ( Fletcher and Wyman, 2015) . X6 |7
{14 HL 0 A 55 RF i R 22 ) P A B A S B0 ot 5l
FIEARRN ) 2R AR Ak 9 a0 R T T SR IR R e
B BN G 2% %5 ( Sdrolias et al. , 2004; Gerya
et al., 2015) . JTAFARBOR M Z HIBIE TR 75, 77 980 5
Jy R AR TR T P A A A Y A A
A TR SR sl AN, R I8 I A Kk
Y BB S R A D R L S T e A
WS E Y (B R E S, 2009; Zhai et al.
2013; Wang et al. , 2014; Xu et al. , 2016), Zi 55
(2010) A1 Li %5 (2016) & BRAARG - H A& i KA 4L
H LR A TETE WU b 3R Ab 7 R0 R A 3 4 Al E 3
HefE e Ti 2R AL, I By Hoh e — &
U FES L0 e A 5 5 1 D AE ARG 7, Lin 55 (2016)
RIMACFTETEA S — B 5 T AT W T
MRk 27 5 R 2R 2H A b 38 55 008 Lt e A o AL 1
o Ti BRI ALy (G T i LA 51RAS)
AAAE R BEAPAMUE . PREIEAE (2018) A B Tt 4
PSR 3 AR SR R A (AP B IX ) e — e B i
B R TiZH 20 5 A 1 TR R e B R Y R

FEa gt
HEE v Y

Ko LIl X R RIS IR 7 7

Fig. 9

Schematic illustration for the formation of the continental back-arc basin in the North Qiangtang area
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RS T AR AR ih 5 0 T 1L A A B AE TR
sk, DL ERORILFERY] —Samigiin s &
X0 5 e DA O o R B T Y R T A o — e SR T A
A T BRI, AT B B AC AR B
A1 U-Pb 45 fhAFRIE R 26021 Ma, 5 AR 196 J5 1L
KK BUCA A T i i X B Y IS A AR (2 259 Ma)
FETR2E SV B N AR — 3, (FUE 20 (0 W T R e
M AT 1 PR B 4k B 2 2 B O B AR (300 ~ 290 Ma;
Wang et al. , 2014; Xu et al. , 2016) , %A BAK
HAT AT R 9 Ti0, A& OIB bl Hb 3k 4k 2 i [
PLFR AR, 5 E R JOUE A s it X s s
Ti R A G M EE (B4 B 5 B 7),
A0 A TR R KA R ok AT S e
FEARDGRY IR X, PR, i A AR AT REARER T i —
B T UGS L D AT 3% B 15 37

IR 3T 5 iU AT — M HRART b kH AR P B 4 S
9 K R AU 25 R A 4 7, e IR i T D) &
B 8 A S A 1] 3 g, HC A% gl R R L & )k
1 500 km( Kincaid et al. , 2013), Wang % (2018)
a7 AL TG TSI A ER A 7 b X1 B 2k o [ A i
U5 T 5 Wk A Lyt 0 AT 47 o S RL g R X, AR A 4
P A M EAT 5 A ANE R R R AT I R
TR AL (2 9419C) | AT 5 R KU A
5 AT ARG A BUAE S RAFIE S L, X sk
BERRE— D4 7R A0 IE I A A2 31 e — St 0k 1L
AT~y R B T A AR ] B e 3 AR K, AR AT fg
}J\ﬁfﬁjt%’igﬁﬁ1¢£1Ziﬂﬁip‘]%ﬁ(Wang et al. ,
2018) . PRI, kA LL A Y35 ShAR AT BB 2T | & IR
JE BRI 5 — A R R, b T 0 b e A T
SRyl TR R T, (A5 R A vh e v I -
IR R 5T (&1 9) o

g5 b RSO BRI ER = B 4 B R B L X
& UAE— RIS 2 5K 1Y 5, ORI
J5 b R 7 AR AR AT BE -5V 5 TR 5 S0 Al e ] 48
A LU A TR Sh % DIAHOC (81 9) o

5 4Eig

(1) BRI A BB A U-Pb 45 & AF I 260
+1 Ma, A] 5 4B3UT AU JE 111K K48 s i X il
PRI R A (24 259 Ma) 2K tb,

(2) ZRAHAAMXER Tio, F1 Nb/Y {H LI K

FAXF R Y Ce/Nb fH, Holi o G A b r] 5 k5 1 Al
UG 2 Z %A ( Okinawa Trough BABBs) il 43 F#1iE
K, MR A U B AT Y TiO, A1 Nb/Y {H LA
FAAXHRAY Ce/Nb {8, S35 W8 A LR K
B2 A M E T SRR A 7 7E
EEE S

(3) LA PRI T — A3 I v 4 53 i 1Y
o BB R TR R H A U A A DG
AR, X PIEBEER U B i T RG9S
SRIT S A RRCR I B 1L 1 ATV B B
W98 XIS 751U B SCHER &

it AR RATHIERE HEER
TR FHEERARAGLCEIRT FIHITE RA
SRR TAERBRFH I kE KR
SR, B RAR T PERARF(XR) R
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e R R
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