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Abstract: Zircon U-Pb age, major and trace elements and Sr, Nd isotope compositions of the Riariqu quartz diorites from the
south of the Ganzi-Litang suture zone, northeastern Qiangtang terrane are studied to decipher its petrogenesis and geodynamic
significance. LA-ICP-MS zircon U-Pb dating yields an emplacement age of 218 =1 Ma for the intrusion. Bulk-rock analyses
show that these rocks belong to the calc-alkaline series, with SiQ, contents ranging from 53.02% to 62.06%. They are enriched
in AL, O; (15.84% —17.00%) and CaO (6.71% —8.94%) ., depleted in Ti0,(0.49% —1.01%) and P,O; (0.04% —0.12%), de-
fining their metaluminous characteristics. All samples have high concentrations of MgO (3.31% —5.66%), Cr (33.45X10™° —
176.64X10"°) and Ni (13.34X10 °—43.62X10 %), and resultant high Mg” (50—62). These rocks are enriched in LREE and
LILE, and depleted in HFSE with low REE contents (38.05X 10 *—61.58 X 10 %), The (¥’ Sr/* Sr); ratios range from 0.706 8
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t0 0.707 9, and eng () values vary from —5.5 to —1.6. The geochemical and Sr-Nd isotopic compositions of the Riariqu quartz

diorites are similar to those of high-Mg dioritoids/sanukitoids. We contend that the Riariqu quartz diorites were derived from

low-degree partial melting (10% —15%) of a phlogopite-bearing spinel lherzolite mantle, which was metasomatized by sedi-

ment-derived melts. Fractional crystallization of pyroxene and amphibole might also occur during the magma evolution. The ge-

ochemical characteristics indicate that the Riariqu quartz diorites are arc-related magmatic rocks, and were generated in a

subduction-related tectonic setting. Combined with the ophiolites and continental marginal arc lavas in the study area. and the

regional adakites in the Yidun terrane, it is suggested that the Riariqu quartz diorites might be generated during the southwest-

ward subduction of Ganzi-Litang Paleo-Tethys Ocean in the Late Triassic.

Key words: high-Mg diorite; Sanukitoid; Ganzi-Litang suture belt; Paleo-Tethys ocean; Qiangtang terrane; Qinghai-Tibet

plateau; geochemistry.
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Fig.1 Simplified tectonic map of the Tibetan plateau showing the temporal-spatial distribution of Triassic arc magmatic rocks

(a) and regional geological map of the Zhiduo area (b)
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Fig.2 Microphotographs of the Riariqu quartz diorite from Zhiduo area
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P a B B AR 3% U-Ph 4T 90 X80 340 i A7 5 Pl o 05 5 23 7

10 °~176.64 X 10 °) Fl Ni(13.34 X 10 °~43.62 X
10 &, 5 HMA BY5FEZE L (Tatsumi and Ishiza-
ka, 1981, 1982; Kelemen, 1995 ; Shimoda et al.,1998;
FHUEITLAF . 2012) s HZIE T H AR Setouchi Il 4l
A4 R I6; 5 2% (Shirey and Hanson, 1984 ; 5K jift 45, 2004 ,
2005) 3% 2R BB N A AT 4 R LA R (1)
PRUL T Hb 5 1 Rl A0 0 1K 5 b s M o s I g
(Smithies and Champion, 1999, 2000; Gao et al.,
2004) 5 (2)F i3 52 708 28 Tl JE2 JC 0 S 5 i g A2 2
M % (Rapp et al.,1999; Smithies et al.,2007);(3)
ARF A 5E (=TT RR A1) T 7K 8 TS 1) A% 2 k1 S 82 34 3
Y Eh T I B 4G a 3% (Crawford er al. 1989 ; Tatsumi »
1995) 5 (OF rhPLERPI L S-S OB R B Si T 145
Hb e M = 5 . (Yogodzinski er al., 1994 ; Shimoda
et al.,1998; Tatsumi ,2001 ; Tatsumi and Hanyu,2003;
Wang et al.,2008,2011b).

Gao et al.(2004) I\ th M52 4F DUAE S 20T
Hb ST Rl A B e Al R B R S A iR Y

B LIRS R0 Ph/ 2 U R T4 I

Yb &t Sr/Y W AE SRR, LR X ZE K B A
A R R BR A 5 EORF o 3 5 A AR g e AEORSS e s B
AR AR FERE R & Sr & K Y A1 YD &L
Sr/Y HAESFRAAE , A 18 A 1T RE b 5% B A L (H LR X
wK, B EM R ZME . 5 HREE, G Eu
# (Kelemen, 1995) .71 H IR H il G 2L N K& 0 45 5%
YA A7, A 8K Sr(157.0 X 105 ~197.0 X
107°).Sr/Y (6.8~15.2) fil La/Yb(3.7~6.6) LL{H .
B EM ot R AR S, LREE B & 4 . HREE
SHH 4> A AR AE (B 5a) , B3 H BT H il A3 38 N 2
ANTTHE PR UT T #5805 Al S o 2 e R UR 1 5 1R
b OS5 B g TE B X T AR o e A (TR &
Az 8 K R TR UL A AR 5 0% e k1 A T 5 TR A Al
F WK = AE WA I8 B AT A R AR R R AT
. JE B HMA R B A5 8 & i HREE & &, H [H]
I E AT & Ba & & Ml Ba/Th (> 170) W {H
(Woodhead er al.,2001;Elburg et al.,2002). 8K
A XA BN K s BA T HREE /9 RRAE . B &
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Table 3 Major (%) and trace element (10~°) compositions

of the Riariqu quartz diorites from Zhiduo area

FE SC-2 SC-3 SC-4 SC-6 SC-8
SiO; 62.06 57.96 53.02 57.43 57.50
TiO, 0.59 0.51 1.01 0.49 0.69
Al O 15.93 15.84 16.94 17.00 16.75
Fe, 037 6.56 6.81 9.36 6.30 7.13
MnO 0.13 0.14 0.18 0.14 0.14
MgO 3.31 5.66 5.06 5.06 4,55
CaO 6.71 8.54 8.94 7.91 8.07
Na, O 2.94 2.34 2.56 2.69 2.84
K.0O 0.92 0.94 1.27 1.13 0.92
P, 05 0.07 0.06 0.04 0.05 0.12
LOI 0.60 1.36 1.58 1.18 1.43
Total 99.82  100.16 99.96 99.38  100.14
A/CNK 0.88 0.78 0.78 0.85 0.82
K;O/Naz O 0.31 0.40 0.50 0.42 0.32
Na;O+K,O  3.86 3.28 3.83 3.82 3.76
Mg~* 50.00 62.00 52.00 61.00 55.00
La 8.70 8.40 8.80 7.30 11.20
Ce 20.40 16.70 14.10 13.60 21.90
Pr 2.78 2.07 1.70 1.56 2.70
Nd 11.70 8.60 6.70 6.10 10.40
Sm 3.12 2.16 1.56 1.50 2.31
Eu 0.75 0.62 0.55 0.59 0.74
Gd 3.34 2.32 1.64 1.66 2.35
Tb 0.60 0.41 0.30 0.31 0.42
Dy 3.80 2.66 1.95 2.01 2.8
Ho 0.85 0.56 0.41 0.42 0.58
Er 2.44 1.65 1.21 1.29 1.70
Tm 0.36 0.24 0.19 0.18 0.25
Yb 2.38 1.63 1.33 1.28 1.79
Lu 0.35 0.26 0.22 0.20 0.27
REE 61.58 48.33 10.72 38.05 59.31
Eu/Eu* 0.71 0.85 1.04 1.15 0.96
Cr 33.45  176.64 36.96 33.91 72.97
Co 17.40 23.78 30.66 20.84 21.92
Ni 13.34 43.62 15.87 18.69 23.76
Rb 33.90 38.00 48.00 44.80 35.40
Sr 168.90  157.00  186.50  190.00  197.00
Y 24.60 16.60 12.30 12.60 17.20
Zr 81.00 56.00 31.00 32.00 59.00
Nb 4.36 3.40 3.18 2.19 3.70
Ba 249.00 191.00 202.00 202.00 182.00
Hf 2.26 1.63 1.05 1.28 1.76
Ta 0.28 0.25 0.22 0.43 0.26
Pb 5.86 4.67 5.48 8.16 8.17
Th 1.07 2.83 2.09 5.26 1.98
U 0.40 0.75 0.55 1.53 0.66

W LOLBS S 5 ; Mg® =100 X Mg?" /(Mg?" + 0.9 X Fe; O3 T); A/
CNK = Al, O3/ (CaO~+Na; O+ K, O) BE/R T 43 LE.

SC-2 #p,Ba(182X10 *~202X10 %) & & F1 Ba/Th
(38~97) LB 8K (2 3), BT LAV 7% It 7K 412 i 1y

8 475 4SS 3 R RE AR 4 1 i g OB I gl A D TN K
9 B A

RUSCE IR, B H A N K A S B AR Se-
touchi JC L Hf A R IS 5 A 2 AH ALY b Bk 1k 27
FRAE (B 4~ 18] 6) , i 280 5T HMA 38 % 5 0 #h IiT
TR o s w7 A B B Si R S 1 B M e A
WA 5 (Shimoda et al.,1998; Tatsumi, 2001).
H W H 9 A B BRI Mg™ (50~ 62) Fl
Cr(33.45 X 10 * ~176.64 X 10 °), Ni (13. 34 X
10 °~43.62X10 ) F& &, 17~ H g I XRRAE. A 1k
B4 Rb,Sr.K % LILE. 5 #t Nb, Ta, P, Ti %
HFSE, H FLA ¥ Nb-Ta 1 (8 5), 2 B H 5 K 8
KATRE EZE N B INA B T 095 A B 18 (Pearce
and Peate,1995; Hawkesworth ez al.,1997). H " H
i S AR X 8 8 i Th(1.07 X 10 °~5.26 X 10 °)
LB R Th/La(>0.2) fl Nb/Y H{H. % &
C"Sr/® Sr); LA AN AR AT e v (O E (<K0) , PR IX
Al HE A I o U AL 8 4 4 B9 n A ( Hawkesworth
et al.,1997;Plank,2005) . 7E e (2)-(¥ Sr/* Sr); &
fiftrp (B 6) , A1 B N KA FE SRR TE A X IRE &
ZR A N IEYE M He AL AT mT P B X HMA Z ],
5 X HE NG =& R AR S R EE S,
B3I R U A 2 1 R 0 3R AR A Y Bl X E — 2P 48 R X
A T RE SN PR T OB A I 7 e A
5 A 32 A AE A A 56 (Shimoda et al., 19985 Wang
et al.,2011a,2011b,2013). H B H i A7 %A K 55
H 7 Setouchi J 1L 5 7 Hb (19 8 06; 25 40 B 2 A5 A0 %t
B TS /% Sy H M R IR A e v () fH (T 6) s
X BT R X AT BB A T K L B T B A 4 1 m A
(Hawkesworth et al., 1997). . 4}, Yogodzinski
et al . (1995) TN Ry IR b Az F s il )8 TR 1) 25 3 5 B
AEE R La/Yb(>30) HfH . A AR A 242 &
Ba/Th A . 1 H W H il A7 38 00 KA 5 KR R
B HMA 38235 5 BTN K 4 8 B B A 38R La/
Yb.Ba/Th FI# & % Th/Nb L {H (& 7a #il 7b) , &
A G Y DX ] B A7 AE DO AR ok R AR H IR il A ik
HA I MORB Fih g 5 5 ) Th/Ce(>0.05) . Th/
Sm F1 Th/Yb(>0.2) lb{d. Th/Sm 1 Th/Yb HA{H
I IEASE K & (- 7h) LA K Th/Ce FI'“Nd/" Nd Lt
{EL 1) BURH O 6 2R (RIS 11— 25 3 B UTT B 0 I A4 T U8
X i) o1k (Hawkesworth et al.,1997; Plank, 2005;
Zheng et al.,2014).

RIS F A, HOWTH A N A 1 R
DXAR AT B S AR o T B ) Je il 1) B St I AR A2 AR



%18 B8 A - 55 W 2 M DX = e A 0 R A L BR AL A R AR B 30 1 2 5 69

(a) (b) w0 = A K
T 7 B = U B L
161 _ S R IG, = B 4 ik v
T 1 R 51 6f < UK RN R
S Ll W% AT
o ;\: x  Xx
o S af FTIZJESte(au*chi klIJJ x %
S 4l V AHHnRLE L i R 91
:Z“ Xxx x
X
i 2F * o 9 45 5 7 %)
B+ =
"
R I8 B % s R A1
0 0 1 t 1 1 1 1
30 40 50 60 70 80 90 45 50 55 60 65 170 75 80
Si0: (%) Si0: (%)
3.4 70
(c) ® (d)
3.0F .’ 65+ X x
X X
261 E# ¥ * o Y , EEEPRE
e 6 1+ R -
M 22F °\° i +
z + x + + <55k +¥++*+
> + + + o + +
< 1.8¢ ¥ x 2
xX 50k
1.4 - H ASteouchi /Al
I BRI
a5 [ ASteouchi K 11
1.0 - H
JUR TR C i B i
0.6 L L L 40 L Il 1 1
0.6 0.8 1.0 1.2 1.4 1.6 0.0 2.0 4.0 6.0 8.0 10.0
A/CNK MgO (%)
4 WL HLIX H W H A K A (@ TAS 4326 L (b K, O-Si0, X & B, (o) A/NK-A/CNK X% £ B #il (d) MgO-Si0, X%

Fig.4 Major-element plots for the Riariqu quartz diorite from Zhiduo area (a) Total alkalis vs.silica (TAS) diagram, (b)
K, O vs.Si0, diagram. (c) A/NK vs.A/CNK diagram, (d) MgO vs.SiO, diagram

B AU B A IR Steouchi A LA Hi 4 AU I % (Tatsumi and Ishizaka, 1982 Shimoda er al.,1998; Tatsumi er al.,2003) ; ] AJ 4 HL B =

S E B2 1A (Wang et al.,2011b) 5 X3 M = & (35 78 4 (Wang et al.,2011a) ;a B E Wilson,1989;b 4 Rollinson, 1993; ¢ ¥4

Maniar and Piccoli, 1989 ;d El4fi McCarron and Smellie,1998
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Fig.5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) for the Riariqu

quartz diorite from Zhiduo area

Pl r s 28 o Rl R R [R) 18T 45 B0k [ 70 R A 3t 2 4 v AR 245 51 A Sun and MeDonough, 1989

b OS5 . 4 25 B R A TN I T 288 e A 19 28 AR Rb(<20) W AH, 78 M1 N A f2 2 X B AIK Rb/Sr
YER =Y 15K TE 4 = R e X £ B A K Ba 1 Ba/ (<<0.1) M1 EBa/Rb(>20) tt{f (Furman and Gra-
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Table 4 Sr-Nd isotopic compositions of the Riariqu quartz diorites from Zhiduo area

5 8TRb/% Sr 87Sr/86Sr + 20 (87Sr/% Sr); M7Sm /1" Nd M5 Nd/ "™ Nd + 20 ena(t) T omz (Ma)
SC-2 0.580 7 0.709 209 4 0.707 408 0.160 9 0.512 332 2 —5.0 1398
SC-3 0.702 4 0.710 082 6 0.707 904 0.1516 0.512 290 2 —5.5 1444
SC-4 0.740 9 0.709 431 5 0.707 134 0.140 1 0.512 343 3 —4.2 1334
SC-6 0.680 2 0.708 998 4 0.706 889 0.149 5 0.512 437 14 —2.6 1206
SC-8 0.519 6 0.708 445 6 0.706 834 0.134 9 0.512 469 3 —1.6 1122

e rena (O H T F R (M7 Sm/ M Nd) cnur = 0.196 735 (M8 Nd/M Nd) cnur = 0.512 63852 4838 B A 4R % (218 Ma) ; [ R 7 461 b 0 185 =X 4F i
(T[)Mz) il‘ﬁ%ﬁﬁ(“7Sm/1“Nd>nM:O.213 7;(HSNd/IHNdM)M:0.513 15.

T L R A
1 O UM &K M A I X R
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0 L (GRS EEANESS)
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& ( 8
X X
H A & 9l Steouchik 11 & i.H.
g TALEOUE IR L o
0 i H R B UG 5 CRT AE AR) +++ 1A LR
-15 ! ! ! !
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(St/*Sr);
B 6 a2 X HIBH A 3N KA ena (0)-C7Sr/% Sr),

Fig.6 Initial ¥ Sr/% Sr vs. exa () values for the Riariqu

quartz diorite from Zhiduo area
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4L Hde B2

42 MBI HEE=R

6 I Hb B 7R b 2k B HL AR X 7R R 18 40 A 3t 0
MRFEALE =BLRZXAET TR Z 5
5K RF b K A A o B (R 24 4F L 20015 Kapp
et al.,2003;Pan et al.,2012) JH T Er e B FEAE X X
T 28 A o R U0 R 0 4 0 1 T R 4 VD VL4 G
FUH 5 — #5482 R AR I 2 VD VR R T
00— FRYE AR TR 00 B E S L 90 5% T AR 4R 0T v Ak o
T %) G B b O A5 5. B P 0 ) 4 VDV TR BT A R
2 — 1 — B (Kapp et al., 2000; Pullen et al.,
2008) ,Jian et al.(2009a,2009b) FKAGIZH: i 43 4
SHRIMP U-Pb 4E#% N 346 ~341 Ma, fUE T ¥4
TE s AR v et ) O e D8 A OE b e N T
il 5% KL ARSI S 7 L, DL 58 X R Ry h — &

T 2% 25 19K L 25 F0 T 0 I8 B OIS 425 b 1 5
e JE A — iR sk AR (DI HE 55, 2007) , . —
= A e R 2 TR, SO b R B 7 92 3 b
ZLM (Pullen et al.,2008;37Zi et al.,2012).

JCAR B H A5 — BRIE RO R R TR ) —
A3 3 TR B DT R B I A B SR IR R R
Yok (B 4, 2004 5 Pullen et al.,2008), 34 A
#5(2005) FAF1% A B N-MORB %1 4% 25 4 % K 2
SHRIMP U-Pb 4E#% K 292 Ma W58 R0, H e —
WA A AR B U MR R P A E L E &
X kB — R Y = B 3R 38 58 B = A R K
s, HL34 5 H i — BH3E P 1) R b A G I Wang
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Fig.10 A suggested model for the evolution of Ganzi-Litang

Paleo-Tethys Ocean during Late Triassic
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