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Geochemical features and petrogenesis of granites from
Tianshui—Dangchuan area in West Qinling orogenic belt, China

XIN Yu-jia, HUANG De-zhi, WANG Xian-ying, LIU Zhen

(College of Geosciences and Info-Physics, Central South University, Changsha 410083, China)

Abstract: The study of the geochemical features of monzogranite in Majiaping and biotite leptynite in Niutouhe Group
suggested that these two kinds of granites were formed in different tectonic environments. The monzogranite in Majiaping
had strongly fractionated REE, high contents in Sr (579X 101 120X 10°%) and Ba (2 350X 10°=2 470X 10°%), low
contents in Y (7.86X10°-10.2X107% and Yb (0.72X10°-0.98X10°%), high w(Sr)/m(Y) (64.10-132.32) and
w(La)/w(Yb) (56.33—75.19). The geochemical features show that the monzogranite in Majiaping is similar to C-type
adakitic rock. It is formed by melting of basaltic lower crust under thickened setting. It is related to intracontinental
tectonic movement in Triassic. The geochemical features of biotite leptynite in Niutouhe Group are similar to continental
collision granites. Its protolith is S-type granites, which is formed by the melting of the crust in the process of orogenic. It
is related to the collision of Middle Qinling and North Qinling terrane and North China Craton.
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Fig. 1 Simplified geological map of Tianshui—Dangchuan Area in West Qinling™: Q+N—Cenozoic; Mz—Mesozoic; C—

Carboniferous; D;dc—Dacaotan Gr; D,Sh—Shujiaba Gr; D,x—Xihanshui Gr; D—Devonian; Pt;C—Caotangou Gr; Pz;t—Taiyangsi

Fm; Pzl—Liziyuan Gr; Gz0—Guanzizhen ophiolite; Pt;Q—Qinling Gr; ys—Granites of Indosinian; y,—Granites of Caledonian; d,—

Diorites of Caledonian; §04,—Quartz diorites of Caledonian; A—Sampling point of Majiaping monzogranite; o—Sampling point of

Niutouhe Group biotite leptynite
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Table 1 Major element compositions of Majiaping monzogranite and Niutouhe Group biotite leptynite (mass fraction, %)

Majiaping monzogranite Niutouhe Group biotite leptynite
HO11-2 HO11-3 HO11-4 HO11-5 HO11-6 HO11-7 HO035-1 HO035-2 HO035-3 HO035-4 HO035-5 HO035-6
SiO, 68.14 6884 6922 69.92 69.13 69.06 70.1 7031  69.74 69.3 70.98  71.17
Al,O4 1532 15.08 1531 1534 1536  15.19 13.99 14.3 1433 1453 14.21 14.12
Fe,0; 1.68 1.57 1.09 1.62 1.32 1.74 0.274  0.691 0.547  0.789 0.56 0.421

Sample

FeO 1.01 1.16 1.76 0.878 1.37 1.12 4.67 3.87 4.56 4.56 3.85 3.86
CaO 2.06 1.82 1.60 1.91 2.01 1.59 2.02 2.18 2.04 2.05 2.014 1.76
MgO 0.591 0.524  0.529  0.500  0.639  0.535 1.22 1.07 1.22 1.22 1.05 0.997
K,O 4.21 4.34 4.35 4.46 4.53 4.38 3.20 3.13 3.29 3.35 3.10 3.62
Na,O 4.57 4.46 443 4.29 4.30 4.51 3.10 3.14 2.84 2.82 3.04 2.75

TiO, 0.337 0.32 0.331 0.294 0342 0312 0.536 0459 0536 0539 0478  0.454
P,0s 0.111 0.103  0.113  0.097 0.132  0.097 0.052 0.071 0.086  0.112  0.039  0.069
MnO 0.027  0.025 0.019 0.034  0.041 0.02 0.072  0.067 0.088  0.082  0.066 0.063
Mass loss  1.40 1.21 0.595  0.108  0.216 0.98 0.177 0.18 0.084  0.026 0.08 0.186
Na,O/K,O  1.09 1.03 1.02 0.96 0.95 1.03 0.97 1.00 0.86 0.84 0.98 0.76
A/CNK 0.97 0.98 1.03 1.00 0.98 1.01 1.14 1.14 1.20 1.21 1.18 1.21
o 3.07 3.00 2.94 2.84 2.98 3.03 1.46 1.44 1.41 1.45 1.35 1.44
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Table 2 Trace and rare earth element compositions of Majiaping monzogranite and Niutouhe Group biotite leptynite (10 )

Majiaping monzogranite

Niutouhe Group biotite leptynite

Sample HO11-2 HO11-3 HO11-4 HO11-5 HO11-6 HO11-7 HO035-1 HO035-2 HO035-3 HO035-4 HO035-5 HO035-6

Rb 50.7 62.1 60.2 72.8 73.2 56.9 109 72.6 74.6 87.2 115 104

Sr 600 614 815 1040 1120 579 87.2 74.4 68.2 77.2 92.9 76.2

Ba 2470 2370 2360 2460 2420 2350 334 387 429 400 373 426

Nb 9.65 9.07 9.65 8.88 10.7 9.66 14.2 10.8 10.4 11.9 12 10.7

Ta 0.7 0.68 0.71 0.66 0.79 0.7 1.61 1.18 0.83 0.96 1.27 1.13

Zr 177 166 168 146 175 171 169 143 181 176 166 173

Hf 5.41 5.17 5.14 4.61 5.54 5.31 5.81 4.88 5.93 5.88 5.73 5.94

U 1.94 2.14 2.19 2.37 4.08 2.13 3.34 2.79 2.68 3.36 3 3.43

Th 13.3 16.3 15.8 14.4 32.8 12.8 20.6 17.3 18.8 20.1 17.7 18.7

La 65.8 60.9 55.6 50.4 55.2 55.2 48.2 45.2 49.5 50 38.2 52.9

Ce 109 101 97.6 86.2 99.2 93 88.8 83.7 91.4 92.6 69.6 98.3

Pr 12.1 11.4 11.2 9.83 11.4 10.6 10.4 9.93 10.9 11.2 8.27 11.7

Nd 40.1 37.1 37.3 32.7 38.5 34.7 36.5 34.5 38.2 39 28.4 40.7

Sm 6.03 5.52 5.74 5.12 6.12 5.31 6.97 6.6 7.34 7.61 5.23 7.84

Eu 1.66 1.54 1.5 1.32 1.58 1.42 0.94 1.05 1.12 1.06 0..99 1.02

Gd 4.72 4.37 4.39 3.93 4.65 4.15 5.9 5.68 6.49 6.64 4.62 6.67

Tb 0.51 0.47 0.5 0.43 0.54 0.46 0.87 0.83 1.01 1.04 0.7 0.96

Dy 2.22 1.95 2.07 1.78 2.32 1.9 4.84 4.81 5.61 5.7 4.07 493

Ho 0.53 0.33 0.34 0.3 0.37 0.31 0.98 0.9 1.1 1.1 0.85 0.9

Er 0.93 0.86 0.9 0.78 1.01 0.82 2.82 2.59 3.14 3.07 2.46 2.48

Tm 0.14 0.13 0.14 0.12 0.16 0.13 0.5 0.45 0.58 0.56 0.45 0.45

Yb 0.88 0.81 0.85 0.72 0.98 0.8 3.26 2.87 3.92 3.68 2.94 2.98

Lu 0.12 0.11 0.12 0.098 0.13 0.11 0.49 0.43 0.58 0.54 0.44 0.44

Y 9.36 8.48 9.08 7.86 10.2 8.35 24.8 233 27.4 28.1 21.8 22.7

>REE 253.92 23497 227.33 201.588 23236 21726 23627 222.84 24829 2519 189.02 25497

>LREE/YHREE 12.20 12.42 11.36 11.59 10.41 11.76 4.31 4.32 3.98 4.00 3.93 5.00

0Eu 0.95 0.96 0.91 0.90 0.97 0.92 0.45 0.52 0.50 0.46 0.62 0.43

w(La)y/w(Yb)y  50.41 50.69 4410 47.19 3797 46.52 9.97 10.62 8.51 9.16 8.76 11.97

w(St)/w(Y) 64.10 7241 89.76 13232 109.80 69.34 3.52 3.19 2.49 2.75 4.26 3.36
Mg# 37.32  33.31 29.47 3563 36.65 33.34
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500

o—Niutouhe Gr biotite leptynite

Sample/Chondrite
S
S
rrrr

—_
(=]
TTTT

S I N |

3_ I T T T T T T N
Ba Th Nb La Sr P Zr Ti Y Yb
Rb K Ta Ce Nd Sm Hf Tb Tm

B 4 S B 2 AR BRI BRI R TC 3 2
A0
Fig. 4

Chondrite-normalized trace elements patterns of
Niutouhe Group biotite leptynite (Chondrite data from
Tompson, 1982) "



1422 A G A R

201345 H

200

100

Sample/Chondrite

200 0 vy
L.

|

a Pr Eu Tb Ho
Ce Nd Sm Gd Dy Er Yb
5 SR ACHE R e BRORE BB A AR TR AL IS AR A A
2 07

Fig. 5 Chondrite-normalized REE patterns for Majiaping
monzogranite (Chondrite data from Taylor et al., 1985)!"”!

200

o—Niutouhe Gr biotite leptynite
100

Sample/Chondrite

10

La Pr Eu Tb H
Ce Nd Sm Gd Dy Er Yb

6 P SKITRE R 2 BE AR BRORL IS AT b A s - 7 A1 A
It @] [17]

Fig. 6 Chondrite-normalized REE patterns for Niutouhe Group
biotite leptynite (Chondrite data from TAYLOR et al, 1985)!'”!

it

=
<l
=l

RIK=5 )1 H X By G B A A 5 3 11 2= S Il A
SRR RL S IO R MR TR E R, R
ATTRT REAT A6 AN R 1R R R 1l 2 X AR o

5B KA K i B S A B G o,
W& B Sr(579X10°~1 120X 107%) 2 Ba(2 350 X
10°~2 470X10°°), WALEEM Y(7.86X 10°~10.2 X
10/ Yb (0.72X 107°~0.98 X 10°%), #7&1) w(Sr) w(Y)
(64.10~132.32) 1 w(La)/w(Yb)(56.33~ 75.19), W& & Na,
B ALO; SHRFIE, X HUTA R V2 52 R I RIA v
FIRFAE(W(Si0,)=56.0%, & Na, w(Na,0)/w(K,0)=1,
w(ALO3)=15.0%, 1 Y FMEMEICE, mY)<
18X 10°%, w(Yb)<<1.9X10°°, & Sr, fR/><<400X10°°,

w(La)/w(Yb)=10.0~20.0, w(Sr)/w(Y)=40.0"""hHz I
HFFo 76 wLa)/w(Yb)—(Yb)x F1 w(St)/m(Y)—w(Y)
KAWL 7 A0 8) I, Ty o bF — KAR K 7 i AR I e
FrTE A, SN HAT BRIk v R bR 7 B
mEfEAEM Nao K MY, B
Na(w(Na,O)/w(K,0)=1.01) L k& fik Mg’ (Mg"=34.3<50.0)
RIRFAE, o T 5 bE AR I o W S DX T AR AR
FIE R R T BIRIE v (O 1Y), A 11 iR
K05 (C BOFIZALL, £E Mg —w(Si0,) i (WL I 9)Hh,
T 5P KA K 2 0N b 5E SRR TT AL IR A vl
(C BHIXIHA, o HIB R 3G J5 T M5 ) des Ry
9\§[21—23]o

B KA K S BRI 224 1 s, H
Y DX B AT AR A ELE 23 Js i ) s AR e (s S AR
Y J HREE), 1A s8R DR (Bu 5 AN W),

150

A—Majiaping monzogranite
o—Niutouhe Gr biotite leptynite

£ 1001

0

&,

2

S .

= Adakite

T 50F

\\ Island arc granite

0 s 10 15 20 25
w(Yb)n/107
7 wLa)/mw(Yb)—w(Yb)y IR B 5 24
Fig. 7 w(La)y/w(Yb)x—w(Yb)y discrimination diagrams for

tectonic settingsml

500
A—Majiaping monzogranite
o—Niutouhe Gr biotite leptynite
400
> 300}
2
&
X 200r
100
0 10 20 30 40 50

w(Y)/107
8 w(SH/W(Y)—w(Y) K3t BRI ) P 2°)
Fig. 8 w(Sr)/m(Y)—w(Y) discrimination diagrams for tectonic

settings®!



523 %5 5

VG, A PRI IR 3 DXAE B R G ZHER L I % B R 1423

i i ALFT Na HARSS 5T IREAE S JLIR K A Nk %
BT AT, DRI L8 Ay i 1L 1 B 40 F Al e
By B DRI 5 S 1) B AR A FH A5 B0 52 48 JE e b FAubh:
FER R T BOH A X EUTUSE A B 7 K ml I TE B o

2 Sk VAT BE B S REAR R A AE (La/Yb)y— (Yb)n Al
w(St/Y)—w(Y)EIEILEE 7 A1 8y, JEAN T 4 551
BAREEN, BRI RCA T O B S IR G,
HERICERIEE R, 2SR 2 R RS J5UA T]
RETE R T RERE RS o A= SKTRTHE P8 2 REAR R T TG 3R
AIBRAEAL I IR 2 25 FFIE 2 G 3R Bay Nby Sty P. Ti &k
N R SN e A VS EZ AR bl i = WN i
(RPREAE,  HEMIRE S Ak HORBE IR S )i LI e =,
Sr Hl Ba )55 ] RE AL A R A R A R 45 oy
BIHIZE . M wND)—w(Y) 2 w(Rb)y—w(Yb+Nb) &
R1—R2 FEECLE 10, 11 F12)al RIL, =Sk B

A—Majiaping monzogranite

701
Adakite from plate
60

50

=
40

301 Adakite from crust

20 I L I
55 60 65 70 75 80

w(Si0,)/%
9 Mg —w(Si0,) HHEFRIEH i B!
Fig. 9 Mg'—w(SiO,) discrimination diagrams for tectonic
settings®' (Mg"=100n(Mg)/[n(Mg)+n(Fe)])

1000 ¢
E o—Niutouhe Gr biotite leptynite
WPG
. look
é E
>
£
E
10
[ VAG+Sym-COLG
[ ORG
I 10 100 10002000
w(Y)/107

B 10 w(Nby—w(Y) &R A Y Syn-CLOG—I+]
WAL I s VAG—EyIAE 7 s ORG—F L 45 WGP
— W AER

Fig. 10 w(Nb)—w(Y) discrimination diagrams for tectonic

settings*2 3

2000

o—Niutouhe Gr biotite leptynite

1000
- Sym-GOLG
T;j 100
=
&
S
10k
VAG ORG
10 100 1000 2000

w(Yb+Nb)/107°
11 w(Rb)y—w(Yb+Nb)FE B H ] P24 Syn-CLOG
—FARERAE s VAG— B 9THE RS s ORG—IE LKA
WGP—HR AL X
Fig. 11  w(Rb) —w(Yb+NDb) discrimination diagrams for

tectonic settings®* %

2500
o—Niutouhe Gr biotite leptynite
2000
1
1500
& 2

1000 3

4
500 - 6 ¥¢
5 7
0 500 1000 1500 2000 2500 3000

R1

12 RI—R2 MRl U 1—IB 5L s 22—
PRl A X AR R s 3— AR S B AL K s 4—
Wei YR s s—AREILIIE R 6—Hire kRl fE ]
i TR A RS

Fig. 12 RI1—R2 discrimination diagrams for tectonic settings"”:
1 — Mantle fractionates; 2 — Pre-plate collision; 3 —
Post-collision uplift; 4—Late-orogenic; 5S—Anorogenic; 6—
Syn-collision; R1=4n(Si)—11[n(Na)+
n(K)]2[n(Fe)+n(Ti)]; R2=6n(Ca)+2n(Mg)+n(Al)

7 — Post-orogenic;

N B R P9 ARG 46 1<) 45 (Syn-CLOG) Al k.
I IRAE 4 2 (VAG) XS s 1M AR 4 w(FeO)/w(FeO+
MgO)—w(Si0,). W(FeO)—w(MgO0)} w(FeO+MgO)—
w(CaO) IR (ULEE 13 14 Rl 1Sy L, 2R3k =
REASRL 2 LA HTE N TAG+CAG+CCG (it 1L RS X Jik
W, AR A/CNK BB R T 1.1 A] 0, A Skinr i i



1424 A G A R

201345 H

1.00
RRG+CEUG
) 0.90
on
=
3 0.80
(5]
e
2 0.70F
I IAG+CAG+CCG
=
= 0.60F
o—Niutouhe Gr biotite leptynite
0.50 L | L
60 65 70 75 80

W(Si0,)/%
13 W(FeO,)/w(FeO+MgO)—w(SiO) 4 it F 155 3 5] ] B3,
IAG— &AL s CAG—RREITE KA CCG—R Bl
T s POG— )G LLIE K s RRG— 584 H LML A
CEUG—45 Kk (it FR TG KA i 2

Fig. 13 w(FeO)/w(FeO+MgO) — w(SiO,) discrimination

diagrams for tectonic settings™

60
RRG+CEUG
50 o—Niutouhe Gr biotite leptynite
401 POG
c,\\"
@ 30
&
=
20
10+
& IAG+CAG+CCG
1 1
0 10 20 30
w(MgO)/%
14 w(FeO)—w(MgO) kit B 1 1) 1) P )
Fig. 14 w(FeO)—w(MgO) discrimination diagrams for

tectonic settings[35 !

60
o—Niutouhe Gr biotite leptynite
50F
RRG+CEUG

S 40
@)
B0
Z 30
@}
=
X 20 POG

10

&
IAG+CAG+CCG .
0 10 20 30
w(Ca0)/%

15 w(FeO+MgO)—w(CaO) i FR 154 5] )
Fig. 15 w(FeO+MgO)—w(CaO) discrimination diagrams for

tectonic settings[35 !

TRPSRLE T EA N8 CCG 2RIER 4, B KRRl
T,

g4 % IR S T AR e U R E AT AL, Ak
TIRE R 2 RSB 1 J5Ua D I B0 T R S B A 1
TERT KRR IR ST, PT84 38 L A v DR b ot e
JEPIRLA IS B R S B AT, i
IIpuR T/

FH AT NGB, A= S nT i A 2 REAR R 2 R 4R
KRB AR, R AR, TR AR E
FHT 31 e Pl A2 2485 1 vh 22 0 R AL Z2 W8 (7] 17 1
BB AR TE ROE A DG, 2R Sk R s R AR
VDAL 204 R AL 2 04 ] A b v Sl il 3 Jo e T A
(0, 2Bl B A ok R i VR I P24 o T T KB
KA b 2 i N R R PR L AR, (HaE L [R]
B H X 5 PR AP B 2A AR B T g, FOR B4R
NG 2RI KA RAHIT,  ZRUe KO R 1Y) Rb-Sr 25 1
LRAENE Ny 212 Ma(ie =B M, fER. h=F 1, #
Frpol s o TR ARG R IE R IR —rh &
W HBEAHPE, B =Bttt BAZRIGHE L CdE B
R BB B, 7= A O Fig R, e K
i AT BE A T b del i v DT 7 398 R 17 56 b e 3
I3V R T T BT o

5 Z5ig

1) S5 RKAE b BAT TR BIE e 7 (C i
M ERALAARFALE, 23 LA P e U I i o B e 18 )
1 {3t PR P 0 K 3 B0 AR X T A i o) e
FIE) 5 e R0 5 U g W — 5 THE 2R 3 Ly iy Bl A R
BB K.

2) Sk SR BEASRL R KBl R AR b o, FT
RE N3 L R b Dt e mh S ORUE SR s T2
J,  FE RS Lt AR ZR 0 R E 22 0 Rl AR e 4
SR ZURIEARAH DCIR , 2 Il it 3 ok R v 3 LR 400 o

REFERENCES

(1] BRRAE, ZEbRbh, BRak:, MEZA, e, fmkn, i,
HAYRAE. ZRUEPOB Tl A BT AL A& RODINIA B4R il
HAFRIARIIM]. Jbst: MU AL, 2003: 1-163.

LU Song-nian, LI Huai-kun, CHEN Zhi-hong, HAO Guo-jie,
ZHOU Hong-ying, GUO Jin-jing, NIU Guang-hua, XIANG
Zhen-qun. Meso-neoproterozoic geological evolution in the

Qinling progeny and its response to the supercontinental events



523 %5 5

e, S

VY2 R AR —5 )T X A B o T 76 SR AL “A R AIE S A

1425

[10]

of rodinia[M]. Beijing: Geological Publishing House, 2003:

1-163.
(F48%%, ZHRK, KIEH, Bg. v E KA 18 &L b
M]. dbxt: RE e, 1980: 1-118.

REN Ji-shun, JIANG Chun-fa, ZHANG Zheng-kun, CHEN
De-yu. The geotectonic evolution of China[M
Press, 1980: 1-118.

EOBL WCR, EAM, L0, MR, AN AR
Vel oy 3 20 2 AR i R AR A A Pl M 1 5T 2%
I R R RIZI0). 5744, 2007, 27(1): 63-70.
WANG Wei, XU Wen-liang, WANG Dong-yan, JI Wei-qiang,

]. Beijing: Science

YANG De-bin, PEI Fu-ping. Caiyuanzi paleogene basalts and
deep-derived xenocrysts in eastern Liaoning, China: Constraints
on nature and deep process of the cenozoic lithospheric
mantle[J]. J Mineral Petrol, 2007, 27(1): 63—70.

SRHEIE. PG ZR 0 My TR 3 (K190 20 23 Bt M A 3 i 1 R 23],
JEHL 5, 1981(4): 48-53.

SU Jin-wang. Geotectonic analysis and differentiate tectonic belt
in West Qinling[J]. Northwestern Geology, 1981(4): 48—53.

R B, S L G 2 0 b DX 3 A 2R < 1 3 B o
M]. bt HbH AL, 1998.

DU Zi-tu, WU Gan-guo. Study on tectonic systems and gold
metallogenic

tectono-dynamics, in the region of West

Qinling[M]. Beijing: Geological Publishing House, 1998.
WAL, WERE, K. VESRIE S5 LR R KB D) 2E M)
Pi%: P A, 2002: 263.

FENG Yi-min, CAO Xuan-duo, ZHANG Er-peng. Structure,
process and dynamics of West Qinling orogenic belt{M]. Xi’an:
Xi’an Map Publisher, 2002: 263.

LIU Jia-jun. Geochemistry of the Laerma and Qinling Au-Se
deposits in the western Qinling mountain, China[J]. Ore Geology
reviews, 2000, 17: 91-111.

+ O KK, ﬁ_IE%, B, PHZRUS S )1 H X A8 B A

e DR R FOAe 3 7 SC[D). M BRAEA— i M BOR 2% 244K, 2008,
33(4): 474-486.
WANG Jing, ZHANG Hong-fei, XU Chun-wang, CAI

Hong-ming. Petrogenesis of granites from Dangchuan area in
west Qinling orogenic belt and its tectonic implication[J]. Earth
Science—Journal of China University of Geosciences, 2008,
33(4): 474-486.

TRE R, dRAAT, FEER, H OB, RIS L 5 RS
M]. dbxt: RBH2EHRRA:, 2000: 1-855.

ZHANG Guo-wei, ZHANG Ben-ren, YUAN Xue-cheng, XIAO
Qing-hui. Qinling orogenic belt and continental dynamics[M].
Beijing: Science Press, 2001: 1-855.

MR, WEE, KM, MR, RN, M, T
ZESCH. PHZRISIE L IRV AL S A ISR SRR BT[] b,
2003, 36: 1-10.

FENG Yi-min, CAO Xuan-duo, ZHANG Er-peng, HU Yun-xu,

PAN Xiao-ping, YANG Jun-lu, JIA Qun-zi, LI Wen-ming.

[11]

[12]

[15]

[17]

(18]

Tectonic evolution framework and nature of the west Qinling
orogenic belt[J]. Northwestern Geology, 2003, 36: 1-10.
Wass, WS BOR, T O ¥ M EREE)IHIX
VLML < A P M T ML BR AL 22 R B R 3 75 [T, b R O,
2008, 54(6): 827—-835.

WEN Zhi-liang, XU Xue-yi, ZHAO Ren-fu, WANG Feng, HU
Wei. Geologic and geochemical features of devonian granites in
dangchuan area, western Qinling, and its tectonic[J]. Geological
Review, 2008, 54(6): 827—835.

WA, BOE)), RES, FokE, MR, RER). TR
ZRUG A AP L MO KA TR IR SR A S . 7% 1T Sr, Nd, Pb
AL 2 M R AL 2 MR FE— A B A AR HR [T]. 5 2 3,
2004, 20(3): 483—494.

YU Xue-hui, ZHAO Zhi-dan, MO Xuan-xue, WANG Yong-lei,
XIAO Zhen, ZHU De-qin. Trace elements, REE and Sr, Nd, Pb
isotopic geochemistry of Cenozoic kamafugite and carbonatite
from west Qinling, Gansu Province: Implication of
plume-lithosphere interaction[J]. Acta Petrologica Sinica, 2004,
20(3): 483-494.

HM AR, H A& IR TR [M].
1, 1989: 1-752.

Jent: HUT AR

Bureau of Geology and Mineral Resources of Gansu Province.

Regional geology of Gansu province[M]. Beijing: Geol Publ

House, 1989: 1-752.

BRI, B, BfROR, R B, S, BER. HRK
S8 113t D B o AR <M A B R i 3R R R TR (0], W0 A

HERAE2E 3 ], 2005, 24(2): 114-120.

LI Yong-jun, LI Suo-cheng, YANG Jun-quan, LIU Jing, WEN

Zhi-liang, YANG Zhong-min. The “Disintergration” of granite

bodies in the Dangchuan area of Western Qinling: Evidence from

the isotopic dating ages[J]. Bulletin of Mineralogy, Petrology

and Geochemistry, 2005, 24(2): 114—-120.

BRI A T G S R R IR ) B A A 1A G 1)

B[] KA 3 5 T2, 2007, 31(1): 92-103.

ZHAO Zhen-hua. How to use the trace element diagrams to

discriminate tectonic settings[J]. Geotectonica et Metallogenia,

2007, 31(1): 92—-103.

B, fENK, £ uk, SRR Pe SRR 2 )

7). HhER{E2E, 2008, 37(4): 304-320.

ZHAO Zhen-hua, XIONG Xiao-lin, WANG Qiang, QIAO

Yu-lou. Some aspects on geochemistry of Nb and Ta[J].

Geochimica, 2008, 37(4): 304—-320.

PATINO-DOUCE A E, McCARTY T C. Melting of crustal rocks

during continetal collision and subduction[M]. HACKER B R,

LIU J G. When Continents Collide: Geodynamics of Ultrahigh

Pressure Rocks. Dordrecht: Kluwer Academic Publisher, 1998:

27-55.

O, IRAkE, BIRHE. —FHTI RCE— RIS v K

FLRIR[T]. HhERA}2HERE, 2001, 16(2): 201-208.

WANG Qiang, XU Ji-feng, ZHAO Zhen-hua. The summary and



1426

A G A R

201345 H

[19]

[21]

[22]

[24]

[25]

(28]

comment on research on a new kind of igneous rock—Adakite[J].

Advance in Earth Sciences, 2001, 16(2): 201-208.

oo, IRARE, BIRME. SRAT R ORI PRI K
A (EIRIA U YS Cus Au B VEHI[]. Hh2Emrge(h
TR, dbxD), 2003, 10(4): 561-572.

WHANG Qiang, XU Ji-feng, ZHAO Zhen-hua. Intermediate-
acid igneous rocks strongly depleted in heavy rare earth elements
(or Adakitic rocks) and copper-gold metallogenesis[J]. Earth
Science Frontiers (China University of Geosciences, Beijing),
2003, 10(4): 561-572.

ook, fRAREE, BURHE, TN, IEBE, WM. Kl
He LY BTG O AL KR IR B3 R ).
A12%:4], 2001, 17(4): 551-564.

WANG Qiang, XU Ji-feng, ZHAO Zhen-hua, WANG Ren-jing,
QIU Jia-xiang, BAO Zhi-wei. The petrogenesis and geodynamic
significances of HREE depleted granitoids during Yanshan
period in the Dabie mountains[J]. Acta Petrologica Sinica, 2001,
17(4): 551-564.

ATHERTON M P, PETFORD N. Generation of sodium-rich
magmas from newly underplated basaltic crust[J]. Nature, 1993,
362: 144-146.

PETFORD N, ATHERTON M. Na-rich partial melts from newly
underplated basaltic crust: The cordillera blanca Batholith,
Peru[J]. J Petrology, 1996, 37: 1491-1521.

MUIR R J, WEAVER S D, BRADSHAW J D. Geochemistry of
the cretaceous separation plint batholith. New Zealand: Granitoid
magmas formed by melting of mafic lithosphere[J]. J Geol Soc
Lond, 1995, 152: 689-701.

MARTIN H. Adakitic magmas: Modern analogues of Archaean
granitoids[J]. Lithos, 1999, 46: 411-429.

DEFANT M J, DRUMMOND M 8. Derivation of some modem
arc magmas by melting of young subducted lithosphere[J].
Nature, 1990, 347: 662—665.

JOHANNES W, HOLTZ F. Petrogenesis and experiment
petrology of granitic rocks[M]. Berlin: Springer, 1996: 1-254.
WOLF M B, WYLLIE P J. The formation of tonalitic liquids
during the vapor-absent partial melting of amphibolite at 10
kbar[J]. Eos, 1992, 70: 506—518.

BEARD J S, LOFGREN G E. Dehydration melting and

[29]

[32]

[33]

[34]

[35]

[36]

[37]

water-saturated melting of basaltic and andesitic greenstones and
amphibolites at 1.3 and 6.9 kbar[J]. Journal of Petrology, 1991,
32:365-402.

SISSON T W, RATAJESKI K, HANKINS W B. Voluminous
granitic magmas from common basaltic sources[J]. Contrib
Mineral Petrol, 2005, 148: 635—661.

R, KA R TR MR B M. R M BUR
HiRRAL, 1992: 108-110.

LI Chang-nian. Trace Element Petrology of Igneous Rocks [M].
Wauhan: China University of Geosciences Press, 1992: 108—110.
MM, XEAR, O, BOR, BEESE, R, A,
ERER, BT, RAEC, PR, % fBRKE U g
5. dbxt: s AL, 2002: 1-53.

XIAO Qing-hui, DENG Jin-fu, MA Da-quan, HONG Da-wei,
MO Xuan-xue, LU Xin-xiang, LI Zhi-chang, WANG Xiong-wu,
MA Chang-gian, WU Fu-yuan, LUO Zhao-hua, WANG Tao. The
ways of investigation on granitoids[M].

Publishing House, 2002: 1-53.

Beijing: Geological

PEARCE J A. Trace elements characteristics of lavas from
destructive plate boundaries[M]. England: Orogenic Andesites
and Related Rocks, 1982: 525-548.

PEARCE J A, HARRIS N B W, TINDLE A G. Trace element
discrimination diagrams for the tectonic interpretation of granitic
rocks[J]. J Petrol, 1984, 25: 956-983.

PEARCE J A. Source and settings of granitic rocks[J]. Episodes,
1996, 19: 120-125.

MANIAR P D, PICCOLI P M. Tectonic discrimination of
granitoids[J]. Geological Society of America Bulletin, 1989, 101:
635-643.

PATINO-DOUCE A E, HARRIS N. Experimental constraints on
Himalayan anatexis[J]. Journal of Petrology, 1998, 39: 689—710.
PATINO-DOUCE AE, MCCARTY T C. Melting of crystal rocks
during continental collision and subduction[C]/HACKER B R,
LIU J G. When continents collide: geodynamics of ultrahigh
pressure rocks. Netherlands: Kluwer Academic Publisher, 1998:
27-55.

(4mig  IF48)



