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Abstract: The quartz diorite on the northwestern margin of Qaidam basin is characterized by high Al,Os, low
Alk and Na,O > K,0, with alumina saturation index A/CNK being 0.87 ~0.91. These features suggest that
this quartz diorite belongs to calc-alkaline peraluminous and metaluminous rocks. The chondrite-normalized REE
show right-inclined patterns with slightly negative Eu anomaly, and the primitive mantle normalized trace ele-
ment spidergrams are characterized by enriched LILE (such as Rb, Th and U), depleted HFSE (such as Nb,
Ta, P and Ti), low Nb/La and Rb/Nb ratios, which are comparable with the characteristics of I-type granites.
High CaO/Na,O(2.32~2.64 )ratios and diagrams show that the pluton was derived from remelting of the meta-
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morphic basalt in the lower crust. The initial temperature of magma was >768C by using whole rock Zr ther-

mometer. Rock geochemical characteristics indicate that the pressure of the source region was probably >1.5

Ga, and the residual facies was correspondingly garnet + amphibole + rutil. Combined with the cathodolumi-

nescence (CL) images and element features of zircon, this study yielded an age of 252 =1 Ma for pluton using

LA-ICP-MS zircon U-Pb dating. On the basis of regional geological evolution, the authors hold that Zongwulong

oceanic crust subducted toward Oulongbuluke block in Late Permian.
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Fig. 1 Sketch map of tectonic location (modified after Yang Jingsui ez al.» 2004) and geological map of
the study areaCafter Gu Pingyang et al ., 2016)
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Fig. 2 The outcrop(a) and mineral assemblages of quartz diorite on the northwestern margin of Qaidam(b, + )
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Fig. 4 The weighted average age diagram of quartz diorite
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Table 2 Major element compositions ( wi/ % Jand trace element compositions( wi/10 ¢ for quartz diorite on the
northwestern margin of Qaidam

TCH D222-1 D222-2 D222-3 D222-4 D222-5 D222-6
SiO, 58.02 57.67 58.02 56.98 57.63 58.05
TiO, 0.85 0.88 0.91 0.89 0.91 0.90
ALO; 16.69 16.74 16.40 16.91 16.86 16.57
Fe, 04 1.30 1.61 1.34 1.53 0.75 1.36
FeO 5.70 5.48 5.72 5.38 6.20 5.58
MnO 0.12 0.11 0.12 0.12 0.11 0.12
MgO 4.13 4.16 4.31 4.20 4.25 4.17
CaO 6.85 6.81 6.64 7.22 6.70 6.84
Na,O 2.81 2.93 2.68 2.74 2.82 2.62
K,O 1.53 1.66 1.71 1.68 1.60 1.81
P,0s 0.17 0.17 0.19 0.19 0.18 0.19
Pk bt 1.82 1.75 1.96 2.14 1.97 1.75
S 99.99 99.97 100. 00 99.98 99.98 99.96
A/CNK 0.89 0.88 0.89 0.87 0.91 0.89
ANK 1.12 1.13 1.12 1.15 1.10 1.13

Ry 2294.51 2195.88 2295.54 2217.25 2247.01 2299.12

R, 1264.84 1263.03 1245.62 1312.20 1258.08 1263.40
K,O+ Na,O 4.34 4.59 4.39 4.42 4.42 4.43
AR 1.45 1.48 1.47 1.45 1.46 1.47
HURE 8 454 1.25 1.44 1.28 1.40 1.34 1.30
K,0/Na,O 0.54 0.57 0.64 0.61 0.57 0.69
10 *Ga/Al 2.44 2.18 2.53 2.47 2.42 2.47
TFeO/MgO 1.66 1.67 1.61 1.61 1.62 1.63
La 22.00 20.60 24.90 24.40 23.90 23.40

Ce 48.50 47.10 54.30 53.40 53.20 51.10
Pr 6.24 6.28 7.23 6.98 7.07 6.87

Nd 23.20 24.40 27.40 27.40 26.10 26.80
Sm 4.97 5.08 5.50 5.44 5.38 5.42
Eu 1.38 1.34 1.50 1.46 1.46 1.43
Gd 4.31 4.44 4.78 4.91 4.86 4.72
Th 0.64 0.67 0.72 0.74 0.75 0.74
Dy 3.69 3.89 4.07 4.09 4.12 4.05
Ho 0.72 0.74 0.80 0.78 0.77 0.79
Er 1.94 2.06 2.14 2.19 2.18 2.19
Tm 0.30 0.32 0.32 0.32 0.33 0.32
Yb 1.85 2.01 2.05 2.02 2.08 2.01
Lu 0.29 0.31 0.32 0.30 0.32 0.31

> REE 120.03 119.24 136.03 134.43 132.52 130.15
LREE 106.29 104.80 120.83 119.08 117.11 115.02
HREE 13.74 14.44 15.20 15.35 15.41 15.13
LREE/HREE 7.74 7.26 7.95 7.76 7.60 7.60
oEu 0.89 0.84 0.87 0.85 0.86 0.85
(La/Yb)y 8.02 6.91 8.19 8.14 7.75 7.85
(La/Sm)y 2.78 2.55 2.85 2.82 2.79 2.72
(Gd/ Yb)y 1.88 1.78 1.88 1.96 1.89 1.89
Ba 582.00 570.00 633.00 612.00 574.00 625.00
Rb 66.60 68.00 72.30 70.20 66.20 75.50

Sr 449.00 424.00 427.00 446.00 448.00 420.00
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Continued Table 2
JLHE D222-1 D222-2 D222-3 D222-4 D222-5 D222-6
Nb 13.40 13.90 15.70 14.40 15.50 15.40
Ta 1.05 0.87 1.12 0.99 0.93 0.93
Hf 4.00 4.16 4.79 4.74 4.89 5.02
Zr 137.00 141.00 163.00 165.00 168.00 172.00
Th 13.71 13.53 14.40 13.46 13.36 13.75
U 2.40 2.37 2.59 2.58 2.63 2.48
Cr 86.00 73.80 99.30 104.00 101.00 89.80
Y 19.80 21.00 21.80 21.00 21.80 21.70
Sc 20.90 15.40 22.50 20.00 19.80 19.20
Ga 21.60 19.30 22.00 22.10 21.60 21.70
Co 23.20 21.40 21.90 22.20 23.00 21.00
Li 20.90 21.30 24.40 21.00 21.70 20.70
Be 1.66 1.53 1.70 1.72 2.03 1.67
Cs 1.66 1.76 1.70 1.77 1.71 1.71
Zn 81.30 81.10 87.60 94.80 88.30 88.40
Ge 1.62 1.29 1.39 1.56 1.53 1.59
Pb 11.10 9.62 10.20 11.90 10.80 11.00

K5 SEOERFEHPYILZ AN KA K0 - SO, K
Fig. 5 K,O- SiO, diagram for quartz diorite

on the northwestern margin of Qaidam

107 %), LREE/HREE = 7.26 ~ 7.95, (La/Yb)y =
6.91~8.19, FH M T/ 1R 52, 764 + T 2 BB
b AE AL B T 2 I T 43— SR A R AE A
7a), A5 Eu 5172 % (SEu=0.84~0.89), Ui ¥
PEA FBAE R P R S 2 A E AW . Bl
0 F SR UG H S bR vE AL ik 99 1 R CEL 70D, BT R
B FARRL 20 e 8 =0, & 4R K 726 /1 JUF Rb Th.
U F LREE %, A [A) #2 B 1) 77 % Nb. Tas P~ Ti Al
HREE %5 m 98 0 &, UL BKBIND/ La0. 59 ~

Ko SOERGFHPYILZATHIN KA A/NK - A/CNK Elfif
Fig. 6 A/NK-A/CNK diagram for quartz diorite

on the northwestern margin of Qaidam

0.67)F1 Rb/Nb(4.27~4.97) i .
6 itie

6.1 FIRBELEE

A6 B BRI A A S T 8 S L M BT A
BICRAEICAE, 2007 BRAS A4E 45, 20080, Hor, M A
Teid 5 B R b g R YR A Y AR R
(Loiselle and Wones, 1979), 41 M ERAL 22 HF A B
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Kl 7 Bk ARG PG AL S S DA K A T8 38 BRORE IS A B v A AR Cad R TG 35 Ji 2 b 08 o o £ ek 0 €] ()
hr#EALAEHE Sun and McDonough, 1989)

Fig. 7 Chondrite-normalized REE patterns(a) and primitive-mantle normalized spidergram(b) for quartz diorite on the

northwestern margin of Qaidam(norm values after Sun and McDonough, 1989)

SEIEAR G PG AL S 9 N KA 5 4 Rbs Tha U, AN
FEPE ()77 4% Nb Ta~Ti 55, Mg™ {H 8/, Ze/HI H A
33.89~34.81, Nb/Ta H/ T 12.76 ~ 16.67, 5 4l
FEIT #h 5% Zr/HEW Nb/Ta ~F- {8 ( Taylor and Meclen-
nan, 1985), W N A H5e ) i, DR R R 1% e A8 0
M BITE R A A R A SCH N FEBHRK
AT AR DB, 5 A BN SR K
A UV A T, AU D SRR BT W) AL R AE
B AN A CLes 20020, H TFeO/MgO A% (1.61 ~
1.67), AT A BUAE X 2 W 3 2k I RFAE (TFeO/
MgO>10) (Whalen ez al., 1987); Ga ¥ & B A%,
10 000Ga/Al A4 T 2.18 —2.53, KT A
I 5 A 3 BRAE (2.60) (Whalen e al. »
1987; FE#FE5E, 2012)5 Zr-Nb.Ce Y G E & &
YUK, Zr + Nb+ Ce+ Y =218.70 X 10 ¢ ~260.20 X
1075 T A B AR X A 1R BEAE (350 x 1079)
(Whalen, 19870, L E Ui A s N AR T A B4E
M, TTRE S ek 1 AL, (HARHE A AR 1 M 4l
R AT B ER AL ZF P AE (S B IR ) 45 4 I T Sk
REHPGAC G T NG R T RITE
6.2 REYHE

BT, A DA T BE R U T B4k 5t 1 M
FEH R B SRR A 4173 1 b b 4 g = 52 3 i A
VR G 1 450 M R 8 23 M5 R C Flierdt er al . » 2003),
T Hh AR T R S K R AT P AR A S R
G N K A % (Rushmers 19915 Wolf and Wiyllies
1994; Rapp and Watson, 1995). CaO/Na,O 1] HLAH
AL R Sk HE BB v R 1 S R U X R AL, YT AR AR b

F B S R ALY B AR 5 I AT CaO/ Nap,O T
EHAT 0.3 1.5, A1 D 25 350 20 9 ik iy 5 60 A v 2k 4%
PROCH BE N K228 CaO/ Na, O LA AH X 85 55 (Jung
and Plinders 2007). 19N CaO/Na, O HAEHL
(2,32 ~2.64), W H AT Re NG, 5
(Na,O +K,0)/(FeO + MgO + TiO, )-(Na,O + K,O
+FeO + MgO + TiO,) Bl i — 3 (Kl 8). 7E Al,O5/
(TFeO+ MgO)— CaO/(TFeO + MgO) Kl fift I 87 3L
PeE A Z A (B 9), ZEa FIb Se ik Rt i db &

8 BRIBARFMT LG A HEINK A (NayO + K, 0D/ (FeO +
MgO + TiO, )-(NayO + K,O + FeO + MgO + TiO, ) ¥l it
Fig. 8 Diagram of (NayO+ K,0)/(FeO+ MgO + TiO; )~
(Na,O+ K,O+ FeO+ MgO+ TiO,) for quartz diorite on the

northwestern margin of Qaidam
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Bl 9 ERARZHPTILG A TN ALOy/ (MgO+ TFeO)-
Ca0/ (MO + TFeO)
Fig. 9 Diagram of Al,O3/(MgO+ TFeO)- CaO/ (MgO+

TFeO) for quartz diorite on the northwestern margin of Qaidam

A 0 PN R T AR 2L i R 2 s
6.3 EBOIERUREFRMH

Bifr A X A AR R PR A TR
A Ze 1093 0 2R B0 I P8 AR P e, e DR o)
FLVBEAT BH S 5% i, DR 1 7 VR B v A B
BRI IR BE (Mller e al . > 20035 HE#5E,
2012; 7%, 20150, Watson 5 (1983) 18 i
M SEE (700 ~ 1 300°C DA H R8RS 1 45 Ak B TR ASE AL 2
Kz 7, (T = 129000 InDZr (496 000/ %5 44 + 0.85
M +2195]1} —273.15, i\ D, A Zr (77 BL SR 4L,
LRFE AN Si+ Al+ Fe+ Mg + Ca+ Na+ K
+P=1URF 2O, M=(2 Ca+ K+ Na)/(Six AD.
A ZeHE B IE N 2085 A B Ze 155 52496 000 X
1076, — M aHm T Ze & EIE PR RE AT Zr
o . B A AN BT 4 R R RN K S
MAEH(1.33 ~ 1.45) /A HEA{H 0.9~ 1.7 JE A
(Watson and Harrison, 1983), £ 55 8% 47 o i, &
h 759 ~1768°C CCF-3) 764°C Y(FR 3D, Ff il & L4k &
BiA, RWIRES SR h B A RIS B, DRI, 764°C
R T AR L N (9 &5 dil B, 768°C R T
VDX AR A 2R ) B Al B2 (Miller et al . » 20035 &
PRAE, 2010; REASE, 2012), R UYL A Kl R
L X AR E A HOCE TheK FIAHBEICER Zr.
Hf #HW)5 o

WA ALO; W LU R R PR 25 A4 s 7 2K/
b5 Z —(Rapp and Watson, 1995; Flierdt ez al .

2003) AT ALLO; &8 <15% I, Holis s
J1< 1.6 GPa, ¥ DX 5 B AH LL A D A RHS A RRE DT
WEATA 5 AR ) ALLO; 1 > 15% I, LRl
JEJ3>1.6 GPa, U5 DA 5% B AH LR RO 41 L #7140 W /)
KA FARE T4 4 F (Rapp and Watson, 1995). 4
IEARFH I G N KA ALO; &N 16.40%
~16.91%, =1 15% , B /R s [k 1 > 1.6 GPa,
Yt DA B AH AT RE A SRR A L AR A RS FA R
TH e TR LA SR R, fE R ) > 1.5
GPaGILE J 750 ~ 950°C O I 44 F , 2% B e il 11
TR BAH AR A0 + N + S 24 (a4 B
(Xiong et al.» 20050+ ASCFE S i i o0 25 sk fb 2%
FRE 7R H: HREE A1 Yb & SR, 7R 5 2R IR X
HAM T HAEE (Ge et al., 2002; %4 IG5,
2002), Ti M7 2 PR A A A5 (Ge et al . »
2002), Nb/Ta i 5 (La/ Yb)y (2 IEAH R EARR T
P DFR B AR 1A R R R N A AR D R A e, H
Nb/La 5(La/Yb)y 2 B SAH G, 1X 5 165 R bl
B B AR T A M 20T I 3 I G 2 ARk i a3 — 5%
(RE/NMREE, 2011). SrBa Ml Eu ARG 1 75
YRR IX AR TR AR T . BRI, 256 0 7 42k
IR 1 7 A6 S A 0% A KA R U o0 s i R O >
1.5 GPa, Bk A AL & AR 74 + N A + 4
AVE

* 3 EEAEHAILGARANKEHEAIEFIEET
THEER
Table 3 Results from saturated Zr thermometer of quartz

diorite on the northwestern margin of Qaidam

RS w(Zr)/10°° M t4/C
D222-1 137.00 1.37 763
D222-2 141.00 1.36 764
D222-3 163.00 1.35 766
D222-4 165.00 1.45 759
D222-5 168.00 1.33 768
D222-6 172.00 1.38 766

6.4 FRHMFISHREX

W R, WG B R B 5 R 4t 2 ek &
b oA 3 R T R A 4 B, LR 2 R A Ll A
AEEE 7 A0 OB A B B 5 i Y 4 20 H 2 £ BE AN 38 15 2
fil KRB S, 20105 ESCHEE, 2014), br&ag Sik
AR 7 b J) S F Aty A AR LR T IR 45 R, S0 R b B
EIWROAT & e B s — AN HE AR FA R A
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TR R, SEIE AR T R L GOk - R B A ER
SEUURR B I 6 2 s R A Rk~ — & i, B2 B
W Fr v (R 5K AE FH IR i, S b Sk 3 3 ) ek
o WA, R AR B AR PR, TR ST EE S, TR A K
FUA R ORIEIASE, 2004: A4 K%, 2008), (H IR
AR AR AR SR AL SRttt N A I B, R A AR
FHAE 55, SR b AT A0 e e IR & O JR 4,
2006; XK, 20100, 534K EILM K &5
SO AT G IR -6 s e e R P S A A P U (Y
F=%E, 20145 2015as 2015bs S FRHEE, 2016).
SEAL R AT - v Hh He 5 R A5 3% 325 1L A () 1) %
55 W R AT S A S AU 2 R0 R A 32 1L 3 ) 4 A 1
I AR Bk B bR H SR 19 LA 58 AR R [T g B
S L HE CER MR AR, 20090, £8 107 T ki 9 24 b (L
Ve AR VE 2 R A (M A 2 TH D R4 e — Al i 3 1
(Mo — St A = & ) (19 38 10 i 2 O 308 4%,
2001; FMETTEE, 2004; Bian et al., 2004; M4 2%
5, 2004 FBE A, 2009; I, 20160, 105%E
S5 I ey 3 9 LA 3 1 G B v B R A X TN K A
(249.2+2.6 Ma) ST IEL K INK 71 (242.7 £ 1.9
Ma F1243.5+2.4 Ma) BRI R 1L — KA K7 (246
+3 Ma), H A7 35 80 K B 2 B 98 4% 5 25 (0 RRAE
GZMEE, 20165 FL22hEAE, 2009), 5 B2k AR 75t v
LG AL i K A (265 = 2 Ma) M K AL K (252
+3 Ma~254 + 4 Ma) H A R HER AL 22 RF 1 S
FCAEE GEHY 45,2014, 2015a), HAL K N TE Ak
AR S #, mT R R 5 A L 7= . 50
LIREE Q009 T FT 5% 55 W A6 3t 717 A2 TR RRAE I 4
% A A AR T T R B R eh b 1n) B AR bl

R /24T BY DI s, A8 T AR kg A g 75 1 31— B 52
W, 55 RAE AR AR Y &, w] Be 34 b 5% 45 B v o
) Se b Al A F P i s o SR AR 7 Jb 2k A
WK B KB 26 1 0% RbTh.U M LREE 5§
KEF-AICE, ARFEER 5 Nbs Tas P Ti M
HREE % = ) 58 70 %, L ACAK I Nb/La(0.59 ~
0.67)F1 Rb/Nb(4.27~4 .97 LK, W 5 A i
MR R AT OG0 38 1l 5 5 R E CAlther er al .
2008; Boari et al.» 2009). A 9K A B R
A+ Y+ AN+ BARHA R SO, &8 >56%
AlLL,Oy & &8 > 15%, K,0 < Na,Os 175 Sr( > 400 X
1079, i Yb(<2.08 %10 ¢, — M Yb<1.90 x
106, HHRIK T0 58 X 4 IR b BRAK 57 R A 2R A0, 16
AN TE S IR EAR A % 7E Rb -(Nb +
YO B RE SR AT LA 4 X B 102D, 76 Nb
- Y R AR S 1 B K A B R )l A
X B 10, 5 BiRgs ie—3, Xk B Rk R
W PG AL S ps St A AR K A N K R R
T AR A T T KO IR i R, 5 i AR AR
R 55 B 2k ) SR AL G WK ATT & o HRARE b A G
(#E H9 7= 5§, 2014, 2015a, 2015b; = 7 BH &,
2016), 454 X 3 T 52 A 3R W A ST 5T 1 5
PTG BT B BT i 48 B A % R L SRS 3 BR 85G
SEIRARVEAL S 9 N KA TE U AR R 252 + 1 Ma,
A fE A W S AR 5% 45 R v e 1) SR b % WKl A
S AR, it 76 AR XA 7R AR R e 1R R A A
IR T . HH b T, SR IA R 7 Hh v Ik
SRR BER SR AN S - =SS
& TSR 25 BE PR ST M — B J1 2E ML R T R, 15

Bl 10 FERZE Rb-(Y + Nb)FI Nb - Y #4318 B4 455 ) Ji1) €]
Fig. 10 Rb-(Y+Nb) and Nb— Y tectonic discrimination diagrams
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