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Abstract The Danghe reservoir intrusive rocks are compositionally comparable to the tonalite-trondjemite-granodiorite association
(TTG), which of the principle component is the granodiorite, and have the SiO, contents ranging from 57.02 to 72.75% . The
SHRIMP U-Pb age of zircons from TTG is 440 + 12Ma (MSWD =2.5), which is the intrusive age of TTG magma. The concentrations
of TiO,, Al,0,, MgO, CaO, FeO and P, O; decrease with the increase in the SiO, contents, showing negative correlations, and
implying a magmatic differentiation model for the origin of the TTG controlled by hornblende and plagioclase fractionation. The TTG
have lower contents of Y, REE with strong fractionation of LREE/HREE ( (La/Yb)y =4.70 ~58.88) and no or slightly Eu anomaly.
On C1 chondrite-normalized REE fractional diagram, the subparallel patterns indicate a cogenetic relation for all samples. The
concentrations of large ion lithophile elements (LILE) such as Rb, K, Th, Sr are enriched, whereas the high field strength elements
(HFSE) (e. g Nb and Ta) as well as P and Ti contents are depleted. On Rb/30-Hf-3 x Ta and Rb/30-Hf-0. 25 x Nb diagrams , all
plots set in the area from island arc type to post collision type. All of these imply that the TTG is of the calc-alkaline association forming
in a volcanic arc. The regional geological setting, tectonic setting and formation times of the TTG, and contrasting analysis of igneous
rocks from the south and north fringe of the Dunhuang terrain indicate that TTG rocks didn’t form in island arc tectonic environment,
but was produced by partial melting of the hornblende-rich lower crust under the condition of plate collisions along the northern and
(or) southern margins of Dunhuang block in Late Caledonian (440Ma).
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Fig. 1

Schematic geological map of the Danghe TTG magmatic zone
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Fig.3 ANK-ACNK plot (a, after Maniar and Piccoli, 1989) and K-Na-Ca plot (b) of the Danghe acidic magmatic rocks

Symbols are the same as those in Fig. 2
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Fig.4 Selected elements versus SiO, variation diagrams for the Danghe acidic magmatic rocks
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DHI1-2-7 1.30 731 389 0.55 45.1 441.4 +9.9 441.2 =10 446 £ 11 0.548 4.0 0.0709 2.3 0.584
DHI-2-8 0.32 611 179 0.30 38.3 452 £ 10 453 £10 453 £ 11 0.552 3.0 0.0727 2.3 0.770
DHI-29 0.55 1727 266 0.16 116 483 £ 11 484 +11 481 £ 11 0.589 2.8 0.0778 2.3 0.847
DHI-2-10 — 266 104 0.40 15.9 432.5+9.9 430.2 =10 432 £ 11 0.572 2.9 0.0694 2.4 0.815
DH1-2-11 1.05 2311 527 0.24 163 503 +11 504 11 505 £12 0.638 2.7 0.0812 2.3 0.833
DH1-2-12 0.54 402 178 0.29 25.0 448 £ 10 449 £ 10 448 £ 11 0.534 3.6 0.0720 2.3 0.649
DH1-2-13 0.18 540 79 0.34 100. 0 1,259 £26 1,243 +28 1,251 +28 2.791 2.5 0.2157 2.3 0.912
DHI1-2-14 0.43 1011 235 0.03 35.2 255.4 £5.8 255.8+5.8 255.9+5.8 0.2790 3.2 0.04042 2.3 0.720
DH1-2-15 0.60 417 232 0.75 25.5 440.8 £10.0 441 £10 438 +11 0.534 4.1 0.0708 2.3 0.567
DH1-2-16 1.14 213 103 0.29 13.3 449 + 11 450 £ 11 449 +11 0.537 6.7 0.0722 2.4 0.365

a) Ph Al Ph* S5 HEE S S AR IR B BRUERRAE 932224 0. 50% AHARGUIRTE bR TR 22 b, SUAE LA R HE A SR 41 5 b) LS
WU Ph A TE (8 5 o) BB Ph/2 U2 Ph/ 2 U A —SUESE HY 5 d) B0 Ph/ 2" U-2 Phy/ 3 Th 44— SOK I 932 i 5
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(E7) , RAENRERERIERN . RAbREAHAH
AR, 0 2 A 13 5, 16 BEh A 1 BRI IR 2
W2, WFEPATLIA H, U Th &t AR b 23 5k 187 x
1076 ~2311 x 10 SH1 79 x 10 ™® ~527 x 10 °, #4 Th/U I
{H5F-2 0.37, & DH1-2-3 . DH1-2-9 F1 DH1-2-14 4}k F Bk
AL 0.3, — Bk ULAR A 41 Th/U tE K F0.5,48
JREZE S B AN NT 0. 1 AR SO A TR H 3K 4 41 U Th
%5 5 fiF ( Hanchar and Miller, 1993; Sue et at. , 1999;
Claesson et al. , 2000; Belousova et al. , 2002; Hoskin,
2001) ,

B SHRIMP U-Pb 5 4 (1 K 35 43 B4 A5 ¥ 767 Pb/
BIUCPh/ AU LR b (1] 8a) R A A A 575 e i
R R Ty, ] BB AE7E#R 4y U i Pb £k, 2 5 Al
13 S0 A g BN o6 B B B S A%, JL U-Ph 4F 4%
7922 FI 1251 Ma, 376 K FIH 5 5 5 X 440Ma [ 4AEI4(H , 7]
ABIE A TR s e B b R 130 40 BB A J Y, Jis T 4k
RS AR, 6 SNk A B A B IR A, HEA
BN, H U-Pb 4R 18 Sy 522Ma, t K F IR s X,
F T RBJEZ 8] T AR 4 A RS . B A 911 g 4R
I 483 503Ma, H Th/U FL{H A F 0. 16 ~0.24 Z ], A fig
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Fig.8 SHRIMP U-Pb concordia diagram (a) and average
age (b) of zircons from TTG rock (DH1-2)

ST S5 AR 1 5 ] ( Pidgeon et al. , 1998 ), it 14X 5 41
IR 2 IUAE SR M Ph™ A EE Pb™ AT,
300 5 A AR R K B IR/ IR, AT U S 28K, &
KA 2311 x 10°°  FHEAR IS I A7 — 2 IR 22, R B
PIAEIR 118 ( Anthi and Dieter, 1999) . H 4345 % DH1-2-
1 F0 DHI1-2-14 &), JU 22 B 4E S 4308008 , S Hh 431 T 440Ma
BT, JESEA4 {8 440 + 12Ma, MSWD =2.5 (& 8) . i ix 4
HhA B W R A S5 A, MSWD (B4 B, B AT AR % i AL
2% TTG ‘& 3 WA= A1 BF AL ( Vavra, 1990; Paterson et al. ,
1992) . %A DHI-2-1 4 si 6 T RZE DL Ah AT e = A T
Pb [ E 5% T AR I (B AR /N (397Ma) |, 53 4N Pb #5755, A
SINEFER THA, RS 4 DHL-2-14 AF 4% 255Ma, H

>N
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plots for TTG rocks from the Danghe reservoir, Dunhuang

Th/U LB SE XA 0. 03,38/ F s 0K F 19 LU 1R
NJE T 4% i A ( Hanchar and Miller, 1993; Sue et at. ,
1999; Claesson et al. , 2000 ; Belousova et al. , 2002 ; Hoskin,
2001) o ZAIETEAEIEFILE [, 855 1% FE L 1 Ar-Ar 4F % B¢
BHO R BEFFARER Ry 247 Ma, 5K SR & L VORL) L 124 I 7T fE
REET AR EE R R

5 Wi
5.1 TTG HEFREFR

# 11200000 5} b i DX 8 2 4 45 v CHE 48 b BT
1976) K Sl K 2 BRI 1) TTG 5 A0 Bk hy i ol 11 - R IR
KA e b AT B . MR AR AR (1997 ) AR 48 JE 340 Hb
X EEAEARSE TR N R SE K EE ML IX 22y TTG RINMRZAS

R AR E A %E REE LR IN G SR Tad
L HENE TR o d TA KB Z S R R K F
ARUME DA 3 ST AR BEF A1 AR OGRS B 5 M TSR 7 17 o o AR UAIE
FERW TTC RIVa A1 iR A T BURIERBLUE JeRH A N A
Kem B a MR A i HAE TTG AR R WA &
AR AR HEWT TTG S5 AR AE [Fl A K AR AL AR R (R A
[0 ARIIFTE i F W5 A1 FIURLAS R S 4, HAT 5 A A iy
ik, (U BB A7 AR AR R PR BT AR 3R, 2 T I, S K
FE TTG ‘&1 %5 7 SHRIMP U-Pb 4E#% 440 + 12Ma R F 1% &
T B AR, 255 DXt B BT O I AR R AR T2 9
AT B, B XA X — I A A i — IR 2
W ARG o X — I 45 R I RAT UL T RLEXS 5E 7K
PEHLIX TTG B AU A AR, R WTZ X[ TTG IR Kk i
s o A, TR AR AR ATE L
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5.2 MiREX

Pn NS AR R G AR R R B A UR R #H R
il 3t 5 14 B NAR A3, RIS Ry i KR i 52 4R FI 1Y
FEH Y F (Martin et al. , 2005; Condie, 2005) . HHEiITA
o TTG 53 2 B BRIBU A 78 e il T T 8 A8 WL 2 iR
SR AR T I U B 3 5 55 SR A BRI
— L I R U e e B AR R B A R T AR
( Drummond and Defant, 1990; Defant and Drummond, 1990;
Martin, 1993, 1994, 1999; Martin and Moyen, 2002 ; Foley et
al. , 2002, 2003 ) , 55— R WL 5 2N Ay 38 0 JEE 3t e I A 5 UK
LR T AT BRI R I (Smithies et al. , 2000) .

SETKE TTG i1 W 5 R F - A1 0K Ba Ml K, JF H.
LILE =4 il Nb . Ta 51, 7 Pearce et al. (1984) 1) Y-Nb, (Y
+Nb)-Rb [l (& 9a, b) rpigk S0 507 B 74 A B X I8 3k
FlaiEl X, Forster et al. (1997) (5K L4 (2007 ) i i %f
Pearce et al. (1984 ) i 503 F B K 189 5347, I AL B4 2 1)
M IR 2L 2% 32 5 X o3 A i A R A R
BRI 24, TR 32 B 353 1) 52 e AFDRT T 905 XA T 5 2 /MR 2
SETKIE TTG A R R e, SR Lo R Al oo
FRPE AR ST ALY 5 SR B AR i o M B, H 5 45 X
JiHE S BALT . Z XA R AT RDIE G IR &A1 S
W U RRE AR X TTG A BT A /N A,
HARALRLD AR . 141, 78 Rb/30-Hf-3 x Ta Fl Rb/
30-Hf-0. 25 x Nb [l I, {57 T & I8 3 Ji5 il 48 X (8] 9. d) o
BIRAX TTC A A AR T B IE ST, W IR AR
P 3 GRAAR R v 23 0 I K TS TSGR A i 45 i i A
TR R RS, R LR B A 2R AL 9ICAE b P I, e
JEL R Ml e R T 5 UK BT A 0 4 FE B ( Smithies er
al. ,2000),

A SR (9 A 5 2% BH A SRR Hh H b SR 2T A0 TR b X R B R
WARSES AT, g ok s o A IR MURHAL R S16Ma i
(PR, 2006 ; X PFEHESF,2007 5 5KITITHIFR A /A5, 2008) 5
M HLAEH 7RI X 3 A K AR R a2 a8, B 0 ARy
436 £9Ma | 397 = TMa, J& T Ji5 filf 17 44 & 55 5 T #9557
Wy, E I AT RE S IR A T B A G . B M R R BT 7K
S UG A LI s TC SR AR oo 8 27 TR 8 T R oy 2R AR GRS
ANEF,2000) 1k B R R B A A7, AU 4 481 ~
467Ma HY 46 5 5 2 55 MR B B0 07 el 08 ST Sl A7 6 (OB +E
&5 2005 5 TG ,20065 A K4 ,2007) ; 446 ~431Ma (146
(< 28 O el AR R 1 ) (R AR A, 20035 AR A,
2005, 2007) o IXLLAEHE ORI I, SEW KB TTG 54 52
MR 2 )2 R F W G R A S S R .
TTG /W] B2 Ty A AR LM 4 2 R (el 3 ) Bl 7R 4 b
GRELMIIE - C SRR iR 2% VR T 5 | s & A TN A 10
TSI ER o R AR R R

6 ik

(1) SR FE 16 B IR 24 0 B 71 SHRIMP U-Pb 72 4245
S 440 + 12Ma, 111216 5 A 15 050 T 09 UL - L 5 B
B AE IS B IR O T AN 55 T K A X TG TE B
AR, LX) TTG A A T s v e 10O 7
Wy, T2 R AR ATE R

(2) 35T K AL 2K AL ATE B I
IR Z - LK AL R -6 I K TTC 414,
AL L EERKEFRAGE N TR ESmIT R, 7
(Na,0 + K,0) & #k (FeO + MgO + TiO,) , Hplt 6 7 fig
5 SR AR LTI S A () BT /R 4 AL 2T A -
SR IR TR 10 B 5 A DT F S I 4
SERIE A

Bugt UG T IRE ORI A B AR SR
£ SHRIMP U-Pb JU4F TAE P 45 T 1) R Iy 308 WHFE AR
FEr AR 1 AR XA SCEA i iSRS 5, 7RI
TR !
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