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Abstract Located in Changping Distrct of Beijing Municipality, the 127Ma aged Baicha pluton is a vug peralkaline granitic stock
intruded into the Badaling Batholith of Yanshan orogenic belt. It obtains high contents of silica, Zr, Ga, Pb, HFSE, and REE, with
high Fe/Mg and Ga/Al ratio, but extreme low contents of Ca, Sr, and Eu; meanwhile, the granite exhibits the depleted radiogenic
lead isotopes. Therefore, Baicha pluton is the typical reduced A-type granite defined by Dall’Agnol and Oliveira (2007 ). In
geochemistry, Baicha pluton is very similar to the late Mesozoic Houshihushan ( Shanhaiguan) and Kulongshan A-type granites in
Yanshan belt. The origin of Baicha pluton is inferred to low-degree melting of the lower mafic crust of North China Craton, under the
high temperature, low water and oxygen fugacity conditions. Based on regional geology and petrogenetic regime, Baicha granite is
considered as a hallmark of the beginning of orogenic collapse in the western segment of Yanshan orogenic belt. Besides Yaokeng pluton
in southeastern Zhejiang Province, Baicha pluton is another peralkaline granite reported in China that has Al-type element geochemistry
but was not generated in anorogenic tectonic setting.

Key words A-type granite; Geochemistry; Petrogenesis; Tectonic significance; Yanshan; Beijing
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?iﬁ%ﬂmfzﬁmUmaaﬁﬁgmAﬁ W EAEF AR, GBI EARR T4 358 TR Eg MR 2 AT
TR G R AREGR LR TORBRERSER, BORBULR R XL B RGO RBENFFIB, LR B 0B RFEED

T ) BRI B B ok, R ﬁfr‘/l%‘riﬂ%iftx;ﬁﬁx'fimn%ﬂ‘ G EBRE LA Al BIERE AT FAFHF I EHRT

FEik ) R EH F 69T K B X — AN s,

P3: 35! ARIKEE; WA F; 2omB; MEEL; &b; bw

hE%ZSES  P588.121

A TUAE A 1 B — ELAEAE 4 L (Collins et al. , 19825 {7 Z4FAEA Nb/Y FUEDKE A1 A A2 TR i 25 43 ) U9 Sk
Creaser et al. , 1991; Landenberger and Collins, 1996; King ZREGE R B M e s Eh A (U Li et al., 2003,
et al. , 2001 ; Martin, 2006 ; Bonin, 2007) , — i\ A EEEA] L 2007 ), 4» B % W T 3E 3 1 ( anorogenic ) F1 5 % 1L
SEBME X R I A A5 G o B AR B AL ), AT E b e (postorogenic) 7 5% ( Eby, 1990, 1992) , SEH g 12 A5 4%
Yy B R S A E FTE R (Eby , 1990) o X T 4F R 42 B, E AP A IR T BB A Rl AT LA B AR T A TAE
B BRIBT A UL 2 B LR A AN [RGB AR Nd [F] i (Patino Douce, 1997) ;SR A/ R A BIAL s H B

w [ERAREFEIES (S 40572128, 40376013, 40104003 ) ¥ By il S
E—1EE®-AN: B M, A%, E-mail;allen_thalassa@ sina. com



14

AT I IR AL~ R AR T AN SRR AR 788 7048 il A9 W ( Kling
et al. , 2001 ; Martin, 2006; Bonin, 2007; Dall’ Agnol and
Oliveira, 2007) . [F]if, F #k5F (2007) f) e HT AT 52 2 W0, HAT
AL IR A AR B9 3 B E AE B 2 vT LU T IS 3 1 (5
4 ) Brig . PG, A BUFE i A 18 J80 s 2 A R0 DR b ) 3 5
g AR MR AL 2 BOR LA 0 3570 B

AR NN RV AR E AN g L DS EC SR
PERE R 5 — /N A AR (PR 1 45, 1963 [1997]) , A A7 it
RURY A BUAE R AL , XSG i B AR AT I AT LI DF5E
Fe 1l 7Y B 1 A i — A TS s i 3l ) e R AR
LA WA LU ERRT A BUPE R i L R it 7 St P A —
AL

1 Wi s 506 A A AIE

AR AE R a Hh  Tbat i B XA AR R AR LA, T
SRR, AR ZY 0. 03km” , (2 AT /\ 3k i 25 56445 74 4 355 11
JUld s KA (B 1) o ZERMAEE FAL Tl 2k
ARE e — 0 v HERL AT 1 P B % B A1 SHRIMP U-Pb 4F
% 127 + 1Ma (Deng et al. , 2004 ; PhARHAZE, 2007) , A¥RAE
PR —, B v AL b AR B M KA TR e (R
) CAKEMA . AR E R E , dl AT IA TR
KA AT SRR BE Wy (AN ) FE3, R BPE T E ALK o
FTETWHRN: A (L 25% ~30%) + Bt K A (Y
70% ) + 8N (292% ~5% ) o BIF P4 40 A4 o
T BERA T BREREAR M AE . D S R i K
ARNE N IER AT (bR 55, 1963 [1997 1) o 8N A1 LB
B2 O, Z REGEURAG, 45 IR T R, T
ERIERREET ), U A AE R A T BE AE K 5 (peralkaline
granite) (Le Maitre, 2002)

2 rbrdiik

P RE SR HEFT TS YR RE 2 200 H, AR I K2ENE 4R
B PR B AL ) AF 5 ) 2 e 52 9 4 0 i RO T R
Horp FR IR 1CP-AES 735704, M & O JY38S 7
LB & 55 B IO, BRI iR 22— T
2% . FeO ikt g nURSE HBRBL 7 R S0 2 M AL 2 15 0 #r
M. MiGR (B L0 KA 1CP-MS J5 ik 4,
TS DA ] A A e o R A L SR 5 A% 1 R R AR
(Finnigan ELEMENT II HR-ICP-MS) . #£ &% B 1mol/L HF +
0. 5mol/L HNO, 7£ 190°C ¥ fi# 48h, AR UERE 5 58 4 VA 1 ; [A]
B PRI A PR T B AT A A R (g S0 4
2003) , A R Bk T Nb Ta Zr | Hf %550 A H IR A I
MIAFREPEIIE, %) USGS [E] Prbn A i (BHVO-2) i
SERRIAE I I (LA HE A (A A X IR 22 /N T 10% , H
REBBARICR I T IRZETE 5% LN o TEAR IR i il 75
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Fig. 1 Sketch geological map of the Baicha granitic pluton
(Modified after Chi et al. ,1963; Bai et al. ,1991)

1-the late Early Cretaceous granite; 2-the early Early Cretaceous
granite ; 3-Jurassic granite ; 4-Triassic granite; 5-Cretaceous volcanic

rocks, 6-Proterozoic strata, 7-Archean strata

G BT TR B % B i 14 T 345 S L 2 804 45 (2003 )

A2 PERE ALY 32 A 0 R DI E TR AR B ) s kA
2R ST IR R AR R BR AL 2 B S SR = e . AT
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PEAT o HAPRANAP TR Li et al. (2005) Frsd A I, 2040 B2 4G
F1% ~5%,

it B TR A7 28 A 1 o DR A AR 4 e i DR U BIL i F
5 5 R L0 A A0, DR AR A T o MR 100mg Ky AR AL b
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JERRZE T W A 3 R IR AR SE R R . Z 5K 50 pl
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# 1B A AR b A ORI S AR dh 10 i RO A
b ICEI E 2

3.1 ¥ERE

HAAE XA ERITR AN EA LU RHE

(1) AR B RE,Si0, 0 76% ~T78% , 55 vh [ AR Hh A £
AL A BIAE B A AL A A8 L (i 5e) (R L
VLB AR P RSB UAE B A I RE S A (R 2) 6

(2) 0% AN &40, Na, 0 + K, 0 } 7.61% ~8.45% ,
K,0/Na,0 7 0.90 ~ 1. 24  BEEE35 8k (A. L () A5 4L T 0. 87
~1.01, 7£ Frost et al. (2001) $2H 11 SiO,-MALI i sh i 7E
(Peacock 3 L0 FERME X (I 2) . SEAMIL ERE
WIFNIRYAE R A L, VAR A 2 & 5 2 K, 0/Na, O {8
AR &AL R AT FE A (AL 1 ) 2 0.87 ~ 1,01, 55 A
WFABEGTAE <5 A 2, i = TR R LA R A (3R 2) o

(3) B & 8. 38, FeO,/(FeO, + MgO) 2} 0.92 ~
1.00, £ Frost et al. (2001) #& H Y Si0,-FeO,/( FeO, +
MgO ) [l fiff i # AE 5T ( Ferroan ) X (] 2) , ££ Dall” Agnol
and Oliveira (2007 ) #& 1 i 45 A 1 . S fL B8 A Y (oxidized
A-type) FE 5 A B (reduced A-type) F8 i & H 5 &l v, 5
AEIRJFIY A TUAE R X IR (B 3) , SERYTAE 54 5 R AEAH 7]
(H 3, 2007)

(4) 45 484 1, CaO K 0.06% ~ 0.22% , AL, O, K
11.46% ~12.20% ., SRR K GG, DA I8 K 455 48
FRMEE; SEAMWL R E LKA, AR ES.
BEERIN(E2) . OELKEDERE(A/CNK E) Z
F0.98 ~ 1. 14, B K TF 1. 10 ) A/CNK {2 F CaO & &
RARFTEL,

HE AL A & B BREE B 1 LA B & B L L & LR
BE BV F R T RIS AR T LURISL AL G A RUAE S A X L
(Eby, 1990) . ZAE 5 # HESE 0055 20 58 5T R X A8 41K 1) sk 2
FEELL I B /DRI A I ) R IR R B, L5 King er al.
(1997, 2001 ) W5 1) Lachlan £8 457 “ 4R 55" A BUAE <) 2 AH
AL AR A AL B A R RE & iR S T Lachlan #8457 “ 47
B A BRI T ARG AR R S o

3.2 MEMBLE

M 1 BRATA, A AR S W 0K B (SREE)
AT 203. 67 x 10 °° ~545. 10 x 10 ¢ W& 15 T 1L 1L 5 A
L EE IR, B2 TG R SR 0 W AR rE A B
LyhRRGiAL R A (k5 2007) FIBT /R K F]E Djebel Drissa
HAINATAE R 5 (Kohoui and Mahdjoub, 2004 ) B 2 fi 5 , 11 55 7%
[E Corsica 1§ {4: /€ ixj & ( Poitrasson et al. , 1995 ) FI4K H V.

xl AERARNEHBMEE (w%) HENFLTE

(x107°)&&
Table 1 Major (wt% ), trace and rare earth ( x 10 ~°) element
contents of the samples for the Baicha granite
33-1 33-2 33-3 334  WY-52 WY-55
Sio, 77.62 77.35 78.05 77.57 77.66 76.85
TiO, 0.18 0.17 0.08 0.10 0.10 0.09
Al, O, 11.46 12.01 11.95 11.96 11.92 12.20
Fe, 05 1. 16 1. 41 1. 16 1.20 1.83 2.23
FeO 0. 60 0.37 0.29 0.27
MnO 0.03 0.03 0.01 0.05 0.02 0.05
MgO 0.09 0.09 0.11 0.05 0.00 0. 00
Ca0 0.09 0.08 0.08 0.06 0.22 0.09
Na, O 4.29 3.88 3.55 4.43 3.48 3.83
K,0 4. 16 3.73 4.20 4.01 4.31 4.46
P, 04 0.05 0.05 0. 06 0. 06 0.00 0. 00
LOI 0.28 0.54 0.47 0.30 0.20 0.10
A/CNK 0.98 1.14 1.13 1.02 1.10 1. 08
AL 1.01 0.87 0.87 0.97 0.87 0.91
FeOy/
0.95 0.95 0.92 0.96 1. 00 1. 00

( FeOp +MgO)

Na, 0 +K,0 8.45 7.61 7.75 8.44 7.79 8.29
K,0/Na, 0 0.97  0.96 1.18  0.90 1.24 1.16

Ga 25.45 25.58 27.31 25.96 24.70 29.81
Pb 65.10 80.28 52.71 61.55

Cs 2.16 1.88  0.61 2.24

Rb 222 221 265 248 234 306
Sr 13 8 5 6

Ba 40 25 30 19 45 69
Y 38.76 30.30 29.35 31.37

Zr 613 508 417 328 261 360
Hf 20.21 17.98 17.55 14.02

Nb 92.96 80.54 149.34 75.89 58.30 73.52
Ta 5.77 5.77 857 4.97

Th 33.50 28.23 20.81 45.33 16.80 13.91
U 6.22 6.06 6.8 6.59

La 135.3 106.6 42.3  48.6

Ce 246.5 213.4  81.3 109.0

Pr 28.5 22.6 10.7 11.6

Nd 88.8  72.5 36.4  38.1

Sm 13.43 10.56 7.05 7.23

Eu 0.13 0.09 0.07 0.07

Gd 8.64 6.91 4.85 5.27

Th 1.61 1.32 1.06 1.17

Dy 7.99  6.37 6.02 6.83

Ho 1. 54 1.28 1.31 1.35

Er 4.70  3.75 4.30 4.08

Tm 0.89 0.76 0.93 0.86

Yb 6.23 5.14 6.50 5.83

Lu 0.84 0.74 0.8 0.77

SREE  545.10 452.02 203.67 240.76
LREE/HREE 1580 16.21 6.88  8.20
(La/Yb)y  14.68 14.01 4.40 5.63
(La/Sm)y  6.34  6.35 3.78 4.23
(GI/Yb)y 112 1.09 0.60 0.73
Euw/Fu®  0.0036 0.0032 0.0037 0.0035
TE, 4 .07  1.09 1.07 116

10* Ga/Al 420 402 432 410 3.91 4.6
Zr+Y+Nb+Ce 991 833 677 544

Nb/Ta 16.1 14.0 17.4 15.3
Zx/Hf 30.3 28.3 23.8  23.4
Th/U 5.388. 4.66 3.03 6.88
Rb/Sr 17 28 53 41
Rb/Ba 5.50 8.99 887 13.24
Y/Nb 0.42 0.383 0.20 0.41
Rb/Nb 2.38  2.75 1.78  3.26
T, (C) 917 915 894 856 844 872

T 4 A R A A 4 S T T K SRR R
ICP-AES 70 TR, ICP-MS Bt TR . 5 2 M
st R R B T M R 2 T T [ R AR R IR AL 2
TSR R XRF 3504, i Fey O3 k. LOI—4g2k
. A/CNK—f A+ %0, n(Al,05)/n(Na,O +K,0 + CaO).
A L —BEFEEL, n(Nay0 +K,0)/n(ALOy). T, —45AIRE
TR A5 193 B {8 ( Watson and Harrison, 1983). TE, ;—#i+ 0%
PUZH 4346 %% (Trber, 1999)
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Table 2 Comparison of the composition of Baicha granite and

those of some late Mesozoic A-type granites in eastern China

[SECS Ja AL EEL B
S0, 76.8~78.1 75.9~76.7 15.4~71.9 T1.5~71.8
ALO;  11.46~12.20 1184 ~12.64 11.76 ~12.93 11.01 ~11.47
Ca0 0.06~0.22 0.28~0.33 0.13~0.76 0.0 ~0.24
A/CNK  0.98~1.14 0.99~1.10 1.00~1.14 0.97~1.04
AL 0.87~1.01  0.86~1.01 0.86~0.89 0.96~1.00
Felr/ 0.92~1.00  0.99~1.00 0.95~1.00 0.88~0.99
( FeOy +Mg0)
N0 +K,0  7.61~8.45 8.07~8.90 7.67~8.26 8.04 ~8.48
K,0/Na,0  0.90~1.24 1.09~1.37 1.16~1.39 1.02~1.25
Ga 24.7-29.8  20.2-25.4 23.0~28.3 21.7~25.8
Ir 260 ~613  415~678  243-362 371 ~602
Nb 58.3~149.3 38.8~98.2 44.1~79.1 515 ~7L7
Y 29.35~38.76 37.62~86.91 40.74~96.22 31.6~62.3
Rb 21306 122~198  276-457 268 ~342
Se 5~13 3.9~8.0  4.8-22.5 2.0~114
Ba 18.7~68.6 5.1~117.3  3.2~29.1 10.5~13.7
SREE 203~545 327356 154-288 102 ~204
LREE/HREE  6.88 ~16.21 4.95~9.18  3.22~5.88 3.92~6.18
(La/Yb)y  4.40~14.68 4.32~10.52 2.46-5.76 1.85 ~5.73
(La/Sm)y  3.78~6.35 2.72-4.38 2.42~3.05 5.06~7.96
(GI/Yb)y  0.60~1.12  1.15~1.46  0.88~1.43 0.24 ~0.64
Fu/Fu®  0.0032~0.0037 0.008 ~0.015 0.022~0.045 0. 15 ~0.20
TE, 1.07~1.16  0.94~1.03  1.00~1.08 0.95~1.21
10°Ga/Al 3.91~4.62  3.02~4.05 3.70~4.46  3.64 ~4.41
?\;ILY(J: 544-991  643-999 402 ~614 548 ~797
Nb/Ta 13.9~17.4  14.4~16.6 122~12.8 15.4~17.4
I/HE 23.4-30.3  24.8~34.7 17.5~24.1 24.2-30.7
Th/U 3.03~6.88 3.45-5.91 4.34~7.78 4.60~7.30
Rb/Sr 17 -53 15 ~47 47-10 24-~131
Rb/Ba 5.5-13.2  10~12.2  9.4~145 19.6~28.8
Y/Nb 0.20~0.42  0.79~1.37 0.59~1.22 0.57~1.09
Ce/Nb  0.54~2.65 1.38~3.57 0.89~1.76 0.86~1.44
Rb/Nb  1.78-3.26 2.02-4.40 5.49~6.26 4.24~5.99

FEEICEBN W%, BB TR SRR x 1070, A/
CNK—43 1 Ff5 %0, n(AL,0;)/n(Na, O + K, 0 + Ca0). A. L —
TS H, n(Nay0 + K, 0)/n( AL Oy). TE, s—F - T 2 U4l
SYF8%L (Irber, 1999). JE A1 ILIANAR N A1 K 5 25 il 8 L ik =
RRAE B 5 i ok B XL 955 (2002) , SESTIE B8 AE 1 5 Kt ok
A 14 1555 (2007 )
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K2 HEIKA Si0,-FeO,/(FeO, + MgO) 1 Si0,-MALI
K it (IS E PR Frost et al. ,2001)

MALI—Na, 0 + K, 0-Ca0 (% ) ;a-ifE , ac-lBE5 1 , ca-E5 81, c-45
P 5 Ferroan-4J it , Magnesian-4 i

L-FAAE 2 (AR 30) 5 2-BRYTAE b (14 k55, 2007) ;3-J5 Al
BN (XILLEAE, 2002) ;4-FE LLAE A (RIS, 2002)
Fig.2  Si0,-Fe0,/(FeO; + MgO) and SiO,-MALI diagrams
of the Baicha granite ( After Frost et al. ,2001)

MALI-Na, O + K, 0-Ca0 (%) ; a-alkalic, ac-alkali-calcic, ca-calc-
alkalic, c-caleic. 1-Baicha granite ( this study); 2-Yaokeng granite
(Xiao et al. , 2007) ; 3-Houshihushan granite( Liu e al. , 2002) ; 4-
Kulongshan granite ( Liu et al. , 2002)

Brandberg 55048k N A 1 i 7 ( Schmitt et al. , 2000) /1T, H
ALK AT LR DRI & B 1+ (18 4) , LREE/
HREE 75 {k F 6. 88 ~ 16.21, (La/Yb) =4.40 ~ 14. 68, H:
B R ER LR, (La/Sm) (A (Gd/Yb)
FOAB 4350y 3. 78 ~6.35 F10.60 ~ 1. 12; 41 58 B2 Eu/
Eu” =0.0032 ~0. 0037 , & H (I £ 4L i) & A B I e R —1
WERPE SR AT YHE, SiEa000 & LRyt
BPE AL A A T, A AR B B 1 R o W B
BB B LA R TS Al R R LA
LR TRYUER S TR LB EALVT B AW A WL
ks, s TRy (£2, E4),

T RAR b, AR A & Rb.Cs . Th U, %% Sr.Ba
(& 5),H Rb/Sr.Rb/Ba [LAHASES, 435 17 ~53 F15.5 ~
13.2 (£ 1), HER Y E Ga, 10 x Ga/Al =3.91 ~4. 62,
FE Whalen et al. (1987 ) #& i i9 h Ga/Al LA S B il (1) 2 F
FIBNE D, LA A A R A B o X (B
6) . HEFLXAN Nb Ta Zr Hf 55 558 70 # W & B 4
B =i Zr SR A 260 x 107° ~ 613 x 107, 5 Lachlan #8
G AR A TR A BUAE K5 M 2 (King et al. , 1997,
2001) , H&ALXAER Zr Rb Ba Sr & 5 55 A #1117 7
W FRYUAE R B AR AH 2, N Bg 5 Y & BB AL, Y/Nb Rb/
Nb LA AR (2 2) o HE&ERRK A Nb/Ta (B D & ( 2804
T 15 ~17, % 1), W& TREILERS, ST RE
Nb/Ta FLEAHNT (3R 2) , 4T A I Nb/Ta =17 = 1 {1y
[t{E ( Hofmann, 1988; Green, 1995)

A A <) B A 10 R B AR T 844 ~ 917°C, - 1Y
883°C , W&k T B2 i AL i 5 45 A1 10 AR 896°C (B 1k %,
2007) , W& = TR A H . Lachlan #8455 A 20 S0 “ 48 57 A 1Y
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Legend and data sources are same as Fig. 2
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Fig.4  Chondrite-normalized REE distribution patterns of
the Baicha granite

(a)Baicha granite ( Sample number is same as that in Table 1) ;
(b) Yaokeng granite YK-7 ( Xiao et al. , 2007 ), Houshihushan
granite LX-071 and Kulongshan granite HB-230 ( Liu et al. ,2002).

Chondrite values used in normalization are from Boynton (1984 )
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a-E AL A (FE S [ 2R 1) 5 b-3EHUA K YKT (3 B k5%,
2007) J5 AL A A LX071 FIG 2 L4 A HB-230 (HEXILL 4,
2002) . JF 4R AR AL B Sun and McDonough (1989)

Fig. 5

elements of the Baicha granite

Primitive mantle-normalized spider diagrams for trace

a-Baicha granite ( Sample number is same as that in Table 1); b-
Yaokeng granite YK-7 ( Xiao et al. , 2007 ), Houshihushan granite
LX-071 and Kulongshan granite HB-230 ( Liu et al. , 2002 ) .
Primitive mantle values used in normalization are from Sun and

McDonough (1989)
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K6 HAERY K,0/McO-, FeO,/MgO-, K,0 +Na,O-, Zr-, Nb-, Ce-Fil Y-10* x Ga/Al = &[4
I, S, M, A4t T /Y, ST, MBI, A TUAER 7, A AL A5 HAMSS AL 5 5 7 AL 265 Whalen et al. (1987)

Fig. 6

K,0/MgO-, FeO,/MgO-, K,0 + Na,O-, Zr-, Nh-, Ce-, and Y-10* x Ga/Al diagrams of the Baicha granite

I, S, M, A are represented I-, S-, M-, and A-type granite, respectively. The boundaries between A-type and other type granites are from Whalen

et al. (1987)

TE I 4 A U R BE 848°C (King et al. , 1997, 2001) , FiX1
B SEAF (2003 ) ZE i Bt A B AE i S 10 A 1 R I R
883°C [,

3.3 PbEMEILE

XF EAEAE (<) b 33-1 1 Pb [ 2 45 2R BOR
2ph/*™ Ph = 16.131,* Pb/™ Pb = 15.188,”® Pb/™™ Pb =
36. 146, ZZERFW], A& KA P WAL R LEW BT
LA (OIB) FEE g X i (MORB) | 1 v £ T Hi o
RS Ph [R5 2R LG8 ¥ B AR , 28 W1 1 A A6 0 e TP ik
MR E Pb R E S KM 78 UTh 9% XA X
(Rollinson, 1993) , 4t Fehiid T M7 s A W ik 5 5t U.Th
(FREHA ARG 4, 19975 Gao et al. , 1998) , HA 5 i 5+
PERLA Ph [6) AL FR Y HRHIE (Gao et al. , 1998) o 5L P40 X I
AR ILAE AR LG, A R P [R5 Y& 7RI P R
HIEZ: 1 I K1l Ph (R 2 LR FRLAY T BRBR IR (R 3) 6
W2 1 btk JOLE BAA & Se Ak Y Y (9 RF AR (R SR AN R
CAF, 1997) 3k A Al SE R N E T b5 A E8 4 4 il (5K
&, 20015 5RIEE, 2008) o (R, AR A6 52 Y TR A I 22 B
AREZH U Th (fedbsehis N hses A .

4 AN SRS

4.1 ABRE—oE B ESHEL S8R
HRPE Loiselle F1 Wones (1979) B Rk X, A BITE X

RAFARE AL K A 2, AL 2 oy ERA K Ca0 AL O, , F
FeO,/MgO F1 K,0/Na,O LU{H , #HX = 9 2208 % i, & 4 REE
(K& Eu #p) Zr Nb . Ta, i Sc.Cr.Co . Ni.Ba.Sr fl Eu B4F1E .
Whalen et al. (1987) 2513 T F1 5] A BIAE R A S 19 0 K M3k
feZdEhr. Eby(1990) G4 T A BITE KA 1Y G 1% IR
SRHE , AL T SRR [F] X/ ) A1 5 A2 B2,
KA A G #B Lachlan #8407 1 A BUAE B 6 05 BFR R - 40
Jit A BIAER %7 (King et al. , 1997) fHJSFEEAR DL I 6 74
W FEIX A5 T o R R A 1Y 24 36, T RAR S A BIFE S
(King et al. , 2001) , F= 2T 32 [ 74 g & A0 2 79 W it 5
BB ICH MY A BIE < 2+, Dall” Agnol and Oliveira (2007) 2
AR A BRI A IS, 48 B A BUE R A IR e
fiEfH FeO,/MgO HARBARII AL R A28, 2 — 29 R T A BI4E
RGBS, Bonin (2007) 45 Hh, BUTE A BIE K & =45 1E
Frost et al. (2001) ¢ i< 7 432 )7 e vh @ T 4k i ( Ferroan) ,
(Peacock 5 X 1) s PE-BlE5 74 ( alkaline to alkali-calcic) , #E4R
S5 55 1 45 i 5% 53 58 5T ( metaluminous, slightly peraluminous,
and peralkaline ) f{)— K2 kA, L5 Cordillera 78 5 & A,
FNYBE A ML - A 2 DA S i S5 JBR 48 B R X o

A RIFE R B A — B A Ie U8 . BT
W FRRRLEAH T $hoe B 2 il LB L A 846 5 5 ( Collins
et al. , 1982; Whalen et al. , 1987; Skjerlie and Johnston,
1993) , Patino Douce (1997 ) 3 [t 7K %1 43 ¥ il 5% 56 26 F A
CERBTT A RLAE AR T R AR R A AR 2,
Lachlan #8 48¢ FRFIE AR B LB X “ 48 507 A BUAE K
IS AL ) i) P K D B RN R B A 34 R 1
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*3 HEERESTHESARMIIEBREXE Pb BMEA
R3TEE
Table 3 Comparison of lead isotopes of the Baicha granite and

those of lower crustal rocks and mantle sources

206 Ph /204 Pb 207 Ph /204 Pb 208 Ph /204 Pb

HA AL A 33-1 16. 131 15. 188 36. 146

1Py
AR

%21 Hkilis 15.72~18.07  15.10 ~15.53  35.53 ~38.29
21 kil 16.88 ~17.13  15.25 ~15.34  36.80 ~37.31

BT 16.44 ~16.55 15.22 ~15.33 36.51 ~36.72

R U1 FE 17.56 ~18.20 15.32~15.48 37.30~37.97
T bR

Lewison 13.52 ~20.68 14.43 ~15.67 33.19 ~57.36

Edinburgh [X 15.68 ~27.05 15.61 ~19.52 35.50 ~126.6
E[J B R HB 13.52 ~27.71 14.54 ~17.47 33.61 ~44.32

N-MORB 17.31 ~18.50 15.43 ~15.56 37.10 ~38.70
E-MORB 18.50 ~19.69 15.50 ~15.60 38.00 ~39. 30
TR RRE
Saint Helena
(HIMU) 20.40 ~20.89 15.71 ~15.81 39.74 ~40. 17
Cap Verde
(HIMU/EM) 18.88 ~20.30 15.52 ~15.64 38.71 ~39.45
Kerguelen
( EMI-Dupal) 17.99 ~18.31 15.48 ~15.59 38.29 ~38.88
Hawaii 17.83 ~18.20 15.44 ~15.48 37.69 ~37.86
[\ @QiiES;
JEfEE 18.27 ~18.47 15.49 ~15.64 38.32 ~38.83
Mariana 18.70 ~18.78 15.49 ~15.57 38.14 ~38.43
JIUH: 5 18.70 ~18.72 15.63 ~15.65 38.91 ~38.96

Greater Andes 19.17 ~19.93 15.67 ~15.85 38.85~39.75
2 [EH PEE 18.82 ~18.91 15.57 ~15.62 38.45 ~38.65
AR AR SC 5 10 VB R B R SCBE R SCAF (1997) 5 LB 8K
#i4E Rollinson (1993 ) (%5 BHI 4%

T HA— & 75 B & 24 55 58 R 5% 19 U %5 ( Landenberger and
Collins, 1996; King et al. , 1997, 2001 ), {H 4, Bonin
(2007 ) £ B HUBIESE JS A , A BUAE 1 2 B T AR 2 0
RRBME I A — a7 A BB R A
PRSI R )32, AR SCYE A, X A BT (2 i AT )
Wity B BAARCE R AT 255 20 M, T AS L ] B I 26 3
JA RS, BEFAH T A AL B 2 9 TE AR 5 2
i R (A S PN P o N1

X A BUAE b A 1 b A4 1 75 5 (tectonic environment ) |
Loiselle and Wones (1979) [ 5 45 & S o 8 H A & (45 1k
Eby(1990, 1992)1iAN, Al BIIE KA VTR IE SR X
B RUA L , 25 5 R U5 T g I 57 T KBl R4l i 44
M FAGEERIEE, A2 B AE 1 o 28 LR G P 2 4 e K 8 K K

1000¢
100+
“?2 [
&
z
10k
F VAG+ ORG
syn-COLG
1 Lol - Lol Lol
1 10 100 1000
Y(x107%
K7 HEMKS Y-Nb B# (K K Pearce et al. |
1984)

PRI 2. ORG-HEY 76 24 syn-COLG-FL R 48
HERGET VAG-KINIRAE R 77, WPG-HR M AL I

Fig. 7  Y-Nb diagram of the Baicha granite ( After Pearce
et al. , 1984)

Legend and data sources are same as Figure 2.  ORG-Oceanic
Ridge Granite, syn-COLG-syn-Collision Granite, VAG-Volcanic Arc
Granite, WPG-Within Plate Granite

A SOR IR TR i e 5 PR B I R A, 7 R ) R
TG A RE T o BER A5 (1995) dilh A BIFE A
Al oy AR L (AA) FF & L (PA) i, {HJ&, King et al.
(1997 ) B 45 11, Lachlan 7 A BUAE i 75 W] LAE 3 1 1
A B B, T AR R B T 6 4 S B LS B Azer
(2006 ) X35 e 75 7 2 5 i 70 A0 1 4k 45 (2007 ) XoF i 8] 45 o A
RUTE i B IE 0 & B, T2 ) T A R AA) 3 F S 1Y) A T4
AR AL 5 A2 WRILEMIE  H U 2B IR A
BIANTE) T3, Eby 482 H1 B A AL 5 5 S0 28 4050 1&g 1 12 T8 3
B A A TR DX 22 55, TS 2B D) (R B 1 R
Bonin (2007) 45t , A BUAE 5 2 AT LAy T AR BUC R A9 1%
ST 5 (W B A W3ET LN I R P 2% Mayor 5, Smith
et al. , 1977) o I, AR STHEZ A, % A BUTE AT U R
AR 3 T S5 ) U T T T LA A 4 DX 3 b B Jn LA
JEE

42 ABEERAEERRE

FIA AR HA S A AR B 2 B ML ERTL ~ R )
S CEATFRRE , HRAT A ) RO B R AT | 9 R -
A A T 5 Lachlan #8450 “ 4R 507 A TUAE b A A
AL, L A A8 b e HLAT B g ) ik 5 i (Si0, > 75% ) o LA AE
B AT FeO,/ (FeOy +MgO) LUfH, J& T iR AL A T4
R FRTKIEAE (2008 ) 78 A T BUIRIE 20 605 58, AL 4
P B TAER R Se & Yb (9 Ml B fEpd . LA A TIgE
A TE Pearce [ fif B s FER A AE B A X IR (18] 7) ,
Nb AT Y BUE 4, J& T Eby (1990, 1992) f) Al BIE K&
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Fig. 8  Y/Nb-Ce/Nb and Y/Nb-Rb/Nb diagrams of the

Baicha granite ( After Eby, 1992)

Legend and data sources are same as Figure 2

¥ (&2 3Ga

B9 AL 4 Nb-Y-Ce Fl Nb-Y-3Ga = ff1 [&]fif (Jic /£l
& Eby, 1992)

P91 S B R R 1) 1] 2

Fig.9  Nb-Y-Ce and Nb-Y-3Ga triangle diagrams of the
Baicha granite (After Eby, 1992)

Legend and data sources are same as Figure 2

(&8, 9) , BA5FS ZaUCaMLIY Y/Nb 50K . [
W E LR A HATT A R Ph &, DL S AdEd %
HAEACEHCEARIE 1) Pb [ L SR LR AE . R, & A 5
AR LTRE B R . A A AE R H D FifiE; @ i FeO,/
(FeO, +MgO) Huf ;B Al BIFE B 4 AU JC R AFAE, JEH
JEFCARXT T REE B4 Nb (4FIE; @ KB 545 UL Th )
Wi T 3 ER R A P [R] (5 3 4o

T A AR b A ABUR D Bl 2 B 17 B 46 2 TE
BAZAE B 1) — P Al RE A A T R o U SR AR B P o 2 TR
TAEALTERIE 5 5 U Th 5540 B b, a7 DA A A
1 Pb [F) A7 AL , {HXE T B H AR G &) Nb (19 Bl b o0 2% 4
fiE o TEALAHAC AT ALTRTE N ML 1L, 5 1 A 78 B o T i
ARER 5 K B4 3 7% Nb Ta A X T LREE B
SRR IR (ZE S 53 4F, 20045 TEEAE, 20055 FBEAEAE,
2005; VEFE, 2006) o AR A R IR TR B M, AR

ELFI| 2009, 25(1)

Acta Petrologica Sinica

AL R B R a1 AL BUTE RS 1Y I ST R AFAE , (H S
HIAE AR B e T PO S Pb [ 2 B4 S P IS . A TE
GBS I R B, 5 I 2 D5 e W B TR R ——RD
AFC R #%, aT USRS A 4K < 5 Pb [ 3 3R A it 0 R AR
AT ERIIG: . B, T A BUAE 5 S0 I B2 & AE X 28
K, RRBEAR N 5 TPt b TR AL, A T8 6 0 b ik A
HMTEY) PR G TRl A A PR BT /Y /s I 5 6 1Y
B, I8 SR AR R K R, R R A
SRR AL AR 120Ma, B g e T 1 A 25 4, OF BRI ik
EIPREAE A BIAE R E U FRAE (BSR4 46, 2001) , HI#F
ERFREA R E R s & — R B S 8
ARy ) (B 45, 1963 [1997 )5 HA R4,
19915 FhEWISE, 2007) . PR, BUA M SUESE w9 A 2 LAFT
Oy SCFFIE TR A A RIE I E A A B R E T
JPES

H5E S A IR A3 M B TR AR B R ) — R E
AL (Tuttle and Bowen, 1958; Wyllie, 1977) ., SE5 A A
SRR TEFOKSRAT T 2R BRI 98 5T b e o 1 78 43
KSR /E 0 2 AT 2 i A B 38 K 4 ( Dixon Spulber and
Rutherford, 1983; Patino Douce, 1997) . X} T B SR T,
FEAIXS K | AR A5 R R 52 U5 S BT A0 A 35 4 il vl
DU B Rk B0E5 (3% St Eu 5 Ga Pb & R Ph ] {i7 R4y
fiE o (HICHEAR REFAEXT T LREE (#%5 Nb . Ta % &, B} A1 5
B E U R MR A RAE . FRATIN A, BEBR BT IR i
FIRARARAR B M il R AT LR R D B AR A A
%} # Nb, Ta % HFSE 45 5. Green (1982) [y 5L K25 5
W, FE i AR A B R A TOKFR A I Al 53R 0 0 AH 2
RHCATFIERDEAT o i TTEBEBR BT A1 rh BRI A X T Nb
FR 73 TC 2R B (/e 1R ) IR, TS REELY /923 i R 808w
JITLATEARC AR 2 788 70 Jei il o, K 2 B0 R ™ ) b Nb A X T
REE.Y W] &4, [, B TRHCA X U Th Ga 143 B &
EARINTX S Eu 43P R, ARAR L B 201 I sl U
Th . Ga 2351 & A1 Sr.Eu 5415 4 ( Rollinson, 1993) , H
ALK A = Ph S RN 45 A P [l 2 FRAEAR A AT g
Aok | LIS B IL L 4 5 A 5 5 P Rl AL R FRAE A9 T M
JeEMEE .

R 8 Hi N SE 5 o A0 BF5E 45 % ((Green, 19825 Dixon
Spulber and Rutherford, 1983; Sisson et al. , 2005) Fll H 75 £
W IR A2 ARAE , 7T AR S HsCE S AR v e (1) #2045 il
FREEARMG. BRT FRBR SCRFHE M AN, H 2 48 < a1 e ik
IR EER BB T A 1 3 20 s RARATG , DR o 2 0 2 W, ik
PRV J2 AR A 25 J5 T B J2 AR X AR A 11 1R 2 b P
Mo (2) AR A RIMIR A8 B AR A1 o 2 K s il e
BORMBRLREBAL, X 50 & AR Em N T, A, 155
AR FE VRS B 7K AR AE R e 8 4 Rl S P R 1 0 1
TENE 73 b B e T 58 5 58 5T ¢ S” B FE i S5 ( Sisson et al.
2005) , i A AL = 2 8 TR R A A AR 5. (3) AR
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o IR RFW TR T ZRE N EAH LR O
~1.2GPa & J) FA84LF 1080 ~ 1150°C . {2 XFH AN EHKE
A B 2 T DX T — @ AR AT, IR H 238 s R 3R 1R
B RS, KA SR Z AR R Sk RS, AHCA
VE RGBT WIAHAELE I T 204, 2 TE K S0 K A R oI
BAZ S, AHC AW LITE 1.0 ~ 1. 6GPa [£ 7 F (35km ~ 55km
TREE) VE AR E B WA 5 B R A1 L AF (Green, 1982) , JiF
DL,k HATRWERm &, i Gk Al T A e a2 TR
TR B AUARYE A BUTE A 5K 0 T] B A 2 e il 25 R T
AT BT = MR AV PR 5% 1 X e AN A T ( 2Rk AR 4%,
2007 ; SAEICEE, 2007) .

RE LT L ST R S W L R L A TR
TR MBRAL2 AR 5 A& AL R A A H 2L, B ek 204 L
FeO,/(FeO, + MgO) L{E . %7 Sr.Eu & Ga.Pb &, LKA
X T REE (155 Nb \Ta & (K2, E2~5,7~9) ;G A
WL AR B L AR A 3 BA W & AR Y Nd R A 3R R A,
e (t) = =11 ~ =15 (BFEA%, 2001; ZE(HF, 2002) , 32
M TR M ER 2= de bR R T AL BUE R, T Nd [ R8T
A2 BUIIE R BRHIE . 2R(RF-(2002) TACHIX 2 A A RIZE K
SENBIRE KBS ST o AR, )5 A ) LR R R LA A
HER T R4 1 24 7 60km® Al 105km® ( F 22545 1994) , R
i McCaffrey and Cruden (2002) (9GEiT 22, KRB X 2 44
PHJEERE 23 9129 2 1. Skm F1 3. Okm, JU) 25 74 AR B 43 91 29 K
90km’ #1 310km’ , Hy Si0, = 50% 1) % ik 7 i 4k 3] Sio, ~
76% (W1 BE AR XK A, 4G A o B R R B8 3 90% L b
(Raymond, 2002) , X EBRFE TG A W1 A 2 1LITE K A
2 900km® ~3000km” i) J b H 55 0 S AR 43 B 45 T L
JA 3 I T R BB B 1 5 3 0 Bl (W7 68 HL s ™ )=y
1989) o Fr LAWY 2 sl 3 4y S = 0 i A B I A 180 LU A
BIE B . 31X 2 A~ A TUTE R A B A 1 R N % 5 E
FEAE A AL, 2T M e SR B A AR AR X R 2K IR
RS T R AR LR A ML 7 . Wei et al. (2000)
FET24 Nd. O R ZFEs A O RIMLER N RGESE, il
JE AL (L) A BUAE b 2 T b 52 0N e 5 B B T
T TR AR )

4.3 BEARNEEHEHXMHEETS

— B, AL BIAE b A B BT 3 1 (anorogenic ) 1K
li 24 st 1 FAAT IR T PR3 (Eby, 1990, 19925 Li et al.
2007) o SR, H 1AE (2007) RWFFETE bR W], BoA AL Y
FE R TCZ HUERAL A R Nd [R5 3R AFAE WL EE AL b 5 T
TG 1L (J5 ) (post-orogenic /post-collisional ) T 5% , T
ARAEE LT 5, Clemens (2003 ) 5817 , “It is the geology of a
region that should tell us the particular setting of the magmatism,
not the types of granites we find or the geochemistry of some
basalts (TR H 3 3l AR 3 75 5% AR T XUt S~ T 5
MIAJEAE e A F A B 2 A YL ER AL 24 AE) o7

FIA A AT B I (130 ~ 125Ma) |, 114y
HR BB H M . B0 : Davis e al. (2001) #8511, db 5t
LI DX P % H Al i — BAFLE R 127Ma Z )5, 1 2 52 1102 Ui
AR B 120Ma Z )5, AMINEEMILE® 2 F 5
—af7, LR S A LA AR ZLR B R TR 3
(HET™ SCRIE T, 2004 ) o FEFME LA A g 3 L - g 2 —
T EAMETE M X, B R E DA A kAR
TS RE R U AR & 7 & AR 9 AE R (TEVE,
2006) . 7E #E L AR B AL T b X, RO T S
(125Ma) £ AT IZ M 5R B0 300 vhHE A 1 1 (B BE%E, 2001 )
TEX IR A1 2707 1, LT A AL B A LAARZY 15km B9 125Ma
RBaligEn s KOG IR 2 U FIR T C B
i (E MK, 2001; £ 75 %, 2002; Deng et al. ,
2004) 177 L1 5 B3 24 75 46 47 767 M55 ( > SOk, B P
> 1. 5GPa) (3RS, 2008 ) . 17 AT LA e tth e {1 7 XL
W BRI AL 120Ma (HRF 2245, 2001) , BT 1
AR 127Ma, R, X st B2 HE 3G H AN S B A AR
HINTHEE I B IR

VEAE 5 B B 98 3R WA, A6 B A O N Rl U X A3 B
(‘segregation ) 5K Y X 52 B Hs M 10 #9448 10 46k EG T LMK
B B AR 6] F) AL B b HE BRI BT (ascending) , Rt
15 afE M 04 DIl b 5 5% 0 3 AR 1 o R R A TR X A
(Vigneresse, 2004) . HMHI 4. 2 /N1 AT L8 UE H A 4L 14
FARARTRETE LT T M7 Fe v AR R B 3 o s . X
RAARTR B SRR IR X, 55 I 3 TIAS 2 08 3 A (3K
SER AR A B KRS g R CAL TR R
DU/ A5 e R J ) 20 2 SR AU B T 0 A mT RE B IR 5k P A
0y ] 1) LB 1) 36 40 BEL 3 1] 2% A= 43 5 ((segregation ) Jf 1 71
(Vigneresse, 2004) , [ G AR & 1Y A AL 15 R BT, K& i
T HIRMERR FF AR, MR R AL, UL, Bf s
RS B 8T LA SR AR R 5% Hs 1) DA ) 250

HAEE S BUA TR T 1529 900°C (£ 1, 2) , JF HIRA]
HEM LT BT AR B K S5 1 Bk N b7 i 35 4042 il , X 68
ERB IR & o B K A IR AR (underplating ) 5 7 12
(intraplating) 7] DL H AR AL RE o X T3 LA I 55, HE kS
IR TR IS b 8 B A UG A R T B % 0 A . TE
RO Rl 5 — R E OO A T HERR o H i v He g il
i B A PR T TR ™ X LT S5 R T 5
FF & o EPRASER , Houseman and Molnar (2001 ) {50 {E AT
WFFELEH] « 8 1L A 5% T A v o A Pl b S W 494 5L, 5
TINJEE P 5 Ay R b 8 e 25 AN T S Bt 2 A AR 8, 3 U B 1
56 ORI 5 A0 St A e 8 Dl 5 3 il T 1
HEERISEH G R NI a8, i TaEE
PRFASAR N 17 HLHC 8 371 08 TR B A A S M T sl i
R, BT UFRITHA S, B &AL a0 T2 X B 3 L
A R s O D S A A 8 2 I O IR R 1 R Bl ) MRS
K, MIANRBTE 13 X Sl FAE 1) B P K LD —1R A 3, (HUR DL
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ST H5E R AEARAR BE R A Rl . 25, T A B b s
TR SR U8 7l 25 R1 8 T A5 8 1L i 1 O b
TR, 17 E T4l 5 3 A% () B K A W, 3 350k 1L 2 ) 34
BER (EHST NS (HA A BRI CRIETH ) , 8k k24
1% 1L B33 (orogenic collapse ) , & Rk 8 2048 A% 24 -
X5 A ATE B (127Ma) J5 6 5 b3 DX 3 5 3 Ak
PIFEAEW) G (Davis et al. , 2001) . EIRFREGRIELE R A TR AL
i 5 HE LL PG Bt 1L i S o B 21k

5 &g

A B X A A e b A R A R R Fe/Mg, Ga/
Al H{H /& Zr .Ga ,Pb HFSE Fil REE & &, 3 %1%% Ca Sr.Eu,
HAT 5 BURSHPERA Ph ] 7 3 A RFE , J8 T 378 (Y 38 J 7
A BURE G o O BR A~ R AE 5 e 1L b A= AR 0T B 5 A
WA ZE LD A BUAE R A AR H AR A& A RET T
HTEBR BRI IRCATEAR X FEK i I AR AR B AR T AR AR
FETR MRS R o A DXt T SR R A Y B L
T, 1A A PRI SRR A5 L 74 Beids L 58 B B i 20K

TR MR LS e P 5 2 e, AR a R B
AL BIFE B4 2 o0 2% Ml BR AL 7 45 AR E OJF AE B R T AR & 1h
(anorogenic ) RHUAIE T Y A BUFE G 2 i1 L — DL

i T S LRI SN TR A LA SRR 5
B HBAE Z #% . Roberto Dall” Agnol Z{4% . Anthony I S Kemp i
o AN AT SR A T Bl S 2 SOk, TR — R 2K
i

References

Azer MK. 2006. The petrogenesis of Late Precambrian felsic alkaline
magmatism in south Sinai, Egypt. Acta Geologica Polonica, 56(4) :
463 -484

Bai ZM, Xu SZ and Ge SW. 1991. Badaling granitic complex. Beijing:
Geological Publishing House, 1 =169 (in Chinese)

Bonin B. 2007. A-type granites and related rocks: Evolution of a
concept, problems and prospects. Lithos, 97: 1 —29

Boynton WV. 1984. Geochemistry of the earth elements: Meteorite
studies. In: Henderson R (ed. ). Rare earth element geochemistry.
Amsterdam; Elsevier, 63 — 114

Chen YX and Chen WJ. 1997. Geochronology, geochemistry and tectonic
setting of Mesozoic volcanic rocks in West Liaoning and adjacent
regions. Beljing: Seismological Press, 1 =279 (in Chinese)

Chi JS, Li ZN, Li WX, E ML, Lu FX, Zhang DQ, Mo XX. 1963. The
Nankou granite in the western segment of Yanshan ( mainly including
magma differentiation, assimilation and metallogenic preference ) .
In: The Collection of the 32rd Annual Academic Meeting of
Geological Society of China ( Mineralogy, Petrology, Geochemistry
Section ) , reprint in The Selected Papers of Academician Chi Ji-
Shang. Beijing: Geological Publishing House, 1997, 115 - 128 (in
Chinese)

Clemens JD. 2003. S-type granitic magmas-petrogenetic issues, models
and evidence. Earth-Sci. Rev. , 61:1-18

Collins W] and Beams SD, White AJR and Chappell BW. 1982. Nature

ELFI| 2009, 25(1)

Acta Petrologica Sinica

and origin of A-type granites with particular reference to southeastern
Australia. Contrib. Mineral. Petrol. , 80; 189 —200
Creaser RA, Price RC and Wormald RJ. 1991. A-type granites revisited :
Assessment of a residual-source model. Geology, 19: 163 — 166
Dall’Agnol R and Oliveira DC. 2007.
of Carajas,

Oxidized, magnetite-series,

rapakivi-type  granites Brazil; Implications for
classification and petrogenesis of A-type granites. Lithos, 93 215 -
233

Davis GA, Zheng YD, Wang Z, Darby BJ, Zhang CH and Gehrels G.
2001. Mesozoic tectonic evolution of the Yanshan fold and thrust
belt; With emphasis on Hebei and Liaoning provinces, northern
China. In; Hendrix MS and Davis GA (eds.) .
Mesozoic Tectonic Evolution of Central Asia: From Continental
Assembly to Intracontinental Deformation. Boulder, Colorado:
Geological Society of America Memoir, 194, 171 —197

Deng JF, Su SG, Mo XX et al. 2004. The sequence of magmatic-tectonic
events and orogenic processes of the Yanshan belt, north China.
Acta Geologica Sinica, 78(1) : 260 —266

Dixon Spulber S and Rutherford MJ. 1983. The origin of rhyolite and
plagiogranite in oceanic crust; An experimental study. J. Petrol. ,
24.1-25

Eby GN. 1990. The A-type granitoids: A review of their occurrence and

Paleozoic and

chemical characteristics and speculations on their petrogenesis.
Lithos, 26 115 - 134

Eby GN. 1992.
Petrogenetic and tectonic implications. Geology, 20: 641 - 644

Frost BR, Barnes CG, Collins W], Arculus RJ, Ellis DJ and Frost CD.
2001. A geochemical classification for granitic rocks. J. Petrology,
42,2033 -2048

Gao JF, Lu JJ, Lai MY, Lin YP and Pu W. 2003. Analysis of trace
elements in rock samples using HR-ICPMS. J. Nanjing Uni.
(Natural Sciences), 39(6): 844 — 850 (in Chinese with English
abstract )

Gao S, Luo TC, Zhang BR, Zhang HF, Han YW, Hu YK and Zhao ZD.
1998. Chemical composition of the continental crust as revealed by
studies in East China. Geochimica et Cosmochimica Acta, 62; 1959
- 1975

Gerstenberger H and Haase G. 1997. A highly effective emitter substance

Chemical subdivision of the A-type granitoids:

for mass spectrometric Pb isotope ratio determinations. Chemical
Geology, 136: 309 -312

Green TH. 1982. Anatexis of mafic crust and high pressure crystallization
of andesite. In: Thorpe RS (ed. ). Andesites. New Jersey: John
Wiley and Sons, 465 —487

Green TH. 1995. Significance of Nb/Ta as an indicator of geochemical
processes in the crust-mantle system. Chemical Geology, 120 347
-359

Hebei Bureau of Geology and Mineral Resources. 1989. Regional geology
of Hebei Province, Beijing Municipality and Tianjin Municipality.
Beijing: Geological Publishing House, 1 — 731 (in Chinese with
English abstract)

Hofmann AW. 1988. Chemical differentiation of the Earth: The
relationship between mantle, continental crust, and oceanic crust.
Earth Planet. Sci. Lett. , 90 297 -314

Hong DW, Wang SG, Han BF and Jin MY. 1995. Tectonic setting
classifications and discrimination criteria for alkaline granites.
Science in China ( Series B) , 25(4): 418 =426 (in Chinese)

Houseman G and Molnar P. 2001. Mechanism of lithospheric rejuvenation
associated with continental orogeny. In: Miller JA, Holdsworth E,
Buick IS and Hand M (eds.) .
Reworking. Geological Society, London, Special Publications, 184 :
13 -38

Irber W. 1999. The lanthanide tetrad effect and its correlation with K/
Rb, Ew/Eu”, St/Eu, Y/Ho, and Zr/Hf of evolving peraluminous
granite suites. Geochim. Cosmochim. Acta, 63: 489 - 508

Ji GY and Wang Y. 2004. Geology of the area around Fengtaiding Mount
in the eastern part of Beijing Municipality. Beijing Geology, 16(1) :
1 —15 (in Chinese with English Abstract)

King PL, White AJR and Chappell BW. 1997. Characterization and

Continental Reactivation and



EE WO E A BIER BT L R E 5 MR E L 23

origin of aluminous A type granites of the Lachlan Fold Belt,
southeastern Australia. J. Petrol. , 36 371 —391

King PL, Chappell BW, Allen CM and White AJR. 2001. Are A-type
granites the high-temperature felsic granites? Evidence from
fractionated granites of the Wangrah Suite. Australian Journal of
Earth Sciences, 48 501 -514

Kohoui M and Mahdjoub Y. 2004. An Ebumian alkaline peralkaline
magmatism in the Reguibal rise; The Djebel Drissa ring complex
(Eglab Shield, Algeria). J. African Earth Sciences, 39 115 - 122

Landenberger B and Collins W]. 1996. Derivation of A-type granites from
a dehydrated charnockitic lower crust: Evidence from the Chaelundi
Complex, Eastern Australia. J. Petrol. , 37 145 - 170

Le Maitre RW . 2002. Igneous rocks: A classification and glossary of
terms (2™ Edition). Cambridge: Cambridge University Press, 1 —
236

Li WP. 2002. The geochemistry characteristics and its geodynamics for
Mesozoic igneous rocks in Yanshan orogenic belt. Post-doctoral
Research Report. GuangZhou: Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences, 1 — 90 (in Chinese with English
abstract )

Li XH, Chen ZG, Liu DY and Li WX. 2003. Jurassic gabbro-granite-
syenite suites from southen Jiangxi Province, SE China: Age, origin
and tectonic significance. Int. Geol. Rev. , 45. 898 - 921

Li XH, Li WX and Li ZX. 2007. A further discussion on the genetic type
and tectonic significance of the Early Yanshanian granites in Nanling
area. Chinese Science Bulletin, 52(9) : 981 =991 (in Chinese)

Li XH, Li ZX, Li WX, Liu Y, Yuan C, Wei GJ and Qi CS. 2007. U-Pb
zircon, geochemical and Sr-Nd-Hf isotopic constraints on age and
origin of Jurassic I- and A-type granites from central Guangdong, SE
China: A major igneous event in response to foundering of a
subducted flat-slab? Lithos, 96 186 —205

Li XH, Qi CS, Liu Y, Liang XR, Tu XL, Xie LW and Yang YH. 2005.
Petrogenesis of the Neoproterozoic bimodal volcanic rocks along the
western margin of the Yangtze Block: New constraints from Hf
isotopes and Fe/Mn ratios. Chinese Science Bulletin, 50 2481 —
2486

Li XY, Fan WM, Guo F, Wang YJ, Li CW and Peng TP. 2004.
Petrogenetics and dynamic regime of the high-K volcanic rocks of
Donglanggou Formation in Western Hills, Beijing. Geochimica, 33
(4): 353 -360 (in Chinese with English abstract)

Liu CS, Chen XM, Chen PR, Wang RC and Hu H. 2003. Subdivision,
discrimination criteria and genesis for A-type rock suites. Geological
Journal of China Universities, 9(4): 573 — 591 (in Chinese with
English abstract)

Liu HT, Zhai MG, Liu JM and Sun SH. 2002. Mesozoic granitoids in the
north margin of North China craton: From post-collisional to
anorogenic. Acta Petrologica Sinica, 18(4) : 433 =448 (in Chinese
with English abstract)

Loiselle MC and Wones DR. 1979.
anorogenic granites. Geol. Soc. Am. Abstracts and Programs, 11:
468

Martin RF. 2006. A-type granites of crustal origin ultimately result from

Characteristics and origin of

open-system fenitization-type  reactions in an  extensional
environment. Lithos, 91 125 - 136

McCaffrey KJW and Cruden AR. 2002. Dimensional data and growth
models for intrusions. In: Breitkreuz C, Mock A and Petford N
(eds. ) . First International Workshop; Physical Geology of
Subvolcanic System Laccoliths, Sills and Dykes ( LASI) .
Wissenschaftliche Mitteilungen der Bergakademie Freiberg, 20. 37
-39

Patino Douce AE. 1997. Generation of metaluminous A-type granites by
low-pressure melting of calc-alkaline granitoids. Geology, 25: 743 —
746

Pearce JA, Harris NBW and Tindle AG. 1984.
discrimination diagrams for the tectonic interpretation of granitic
rocks. J. Petrol. , 25: 956 — 983

Poitrasson F, Duthou JL and Pin C. 1995. The relationship between
petrology and Nd isotopes as evidence for contrasting anorogenic

Trace element

granite genesis: Example for the Corsican Province ( SE France). J.
Petrology, 36 1251 - 1274

Qian Q, Chung SL, Lee TY and Wen DJ. 2002.
characteristics and petrogenesis of the Badaling high Ba-Sr

Geochemical

granitoids: A comparison of igneous rocks from North China and the
Dabie-Sulu Orogen. Acta Petrologica Sinica, 18(3) : 275 =292 (in
Chinese with English abstract)

Raymond LA. 2002. Petrology: The study of igneous, sedimentary and
metamorphic rocks (2" Edition). Boston; McGraw-Hill, 1 —720

Rollinson H. 1993. Using geochemical data: Evaluation, presentation,
interpretation. London; Longman Group UK Limited, 1 -352

Schmitt AK, Emmermann R, Trumbull RB, Buhn B and Henjes-kunst F.
2000. Petrogenesis and ** Ar/* Ar geochronology of the Brandberg
Complex, Namibia; Evidence for a major mantle contribution in
metaluminous and peralkaline granites. J. Petrology, 41 1207 -
1239

Shao JA, Zhang LQ, Wei CJ and Han QJ. 2001. Compositions and
characteristics of the Mesozoic bimodal dyke swarm in Nankou,
Beijing. Acta Geologica Sinica, 74(2) : 205 —212 (in Chinese with
English abstract)

Sisson TW, Ratajeski K, Hankins WB and Glazner AF. 2005.
Voluminous granitic magmas from common basaltic sources. Contrib.
Mineral. Petrol. , 148 635 - 661

Skjerlie KP and Johnston AD. 1993. Fliud-absent melting behavior of a
F-rich tonalitic gneiss at mid-crustal pressures: Implications for the
generation of anorogenic granites. J. Petrol. , 34, 785 - 815

Smith TEM, Chapell BW, Ward GK and Freeman RS. 1977. Peralkaline
rhyolites associated with andesitic arcs of the Southwest Pacific.
Earth Planet. Sci. Lett. , 37 230 -236

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalt; Implications for mantle composition and processes.
In: Saunders AD and Norry MJ (eds. ).
Basins. Geological Society, London, Special Publication, 42 313
- 345.

Sun ZM, Wang Y, Deng JF, Ji GY, Xia XF and Su SG. 2007. Temporal

sequence of Mesozoic intrusive bodies in the Beijing area and its

Magmatism in the Ocean

geological significance. Bulletin of Mineralogy, Petrology and
Geochemistry, 26 (3 ). 258 — 262 (in Chinese with English
abstract )

Todt W, Cliff RA and Hanser A. 1996. Evaluation of a 22Pb-** Ph
double spike for high-precision lead isotope analysis. Geophys.
Monogr. , 95 429 -437

Tuttle OF and Bowen NL. 1958. Origin of granite in the light of
experimental studies in the system NaAlSi; Og-KAlSi; Og-Si0,-H, O.
Geological Society of America Memoir, 74, 1 - 153

Vigneresse JL. 2004. Toward a new paradigm for granite generation.
Trans. Royal Soc. Edinburgh Earth Sci. , 95: 11 -22

Wang JL, Li BZ, Zhou DX, Yao SC and Li ZY. 1994. Geological
characteristics and its relation to metallogenesis of the intermediate-
acid plutons in Hebei province. Beijing: Geological Publishing
House, 1 =213 (in Chinese)

Wang XR, Gao S, Liu XM, Yuan HL, Hu ZC, Zhang H and Wang XC.
2005. Geochemistry of the high-magnesium andesite of Early
Cretaceous Yixian Formation in Sihetun, Western Liaoning Province ;
Constraint on the delamination of lower crust and indication to the
variation of Sr/Y ratio. Science in China ( Series D), 35(8): 700
—-709 (in Chinese)

Wang Y and Zhang Q. 2001. Badaling granitic complexes in Beijing
area: Their composition, geochemical characteristics and geological
significance. Acta Petrologica Sinica, 17: 533 - 540 (in Chinese
with English abstract)

Wang Y. 2006. Late Mesozoic Crustal thickening of Yanshan belt, North
China: Constraints from structural mapping and geochemistry of high-
potassium calc-alkaline volcanic rocks. Post-doctoral Research
Report. GuangZhou: Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences, 1 —131 (in Chinese with English abstract)

Wang Y, Ji GY and Xia XF. 2005. Early Cretaceous Donglanggou
potassic volcanics from Dahuichang, Western Hills, Beijing:



24

Tectonic setting and geological significance. Beijing Geology, 17
(3): 1 -10 (in Chinese with English abstract)

Watson EB and Harrison TM. 1983.
Temperature and composition effects in a variety of crustal magma
types. Earth Plant. Sci. Lett. , 64 295 -304

Wei CS, Zheng YF and Zhao ZF. 2000. Hydrogen and oxygen isotope
geochemistry of A-type granites in the continental margins of eastern
China. Tectonophysics, 328 205 —227

Wei CS, Zheng YF and Zhao ZF. 2001. Nd-Sr-O isotopic geochemistry
constraints on the age and origin of the A-type granites in eastern
China. Acta Petrologica Sinica, 17(1): 95 =111 (in Chinese with
English abstract)

Whalen JB, Currie KL and Chappell BW. 1987. A-type granites:
Geochemical characteristics, discrimination and  petrogenesis.
Contrib. Mineral. Petrol. , 95 407 —419

Wu FY, Li XH, Yang JH and Zheng YF. 2007. Discussion on the
petrogenesis of granites. Acta Petrologica Sinica, 23 (6): 1217 -
1238 (iin Chinese with English abstract)

Wyllie P.  1977. Crustal anatexis: An
Tectonophysics, 43, 41 =71

Xiao E, Qiu JS, Xu XS, Jiang SY, Hu J and Li Z. 2007. Geochronology
and geochemistry of the Yaokeng alkaline granitic pluton in Zhejiang

Zircon saturation revisited:

experimental  review.

province; Petrogenetic and tectonic implications. Acta Petrologica
Sinica, 23(6) ; 1431 - 1440 (in Chinese with English abstract)

Yan MC and Chi QH. 1997. The chemical compositions of crust and
rocks in the eastern part of China. Beijing: Science Press, 1 —292
(in Chinese)

Yang G, Chai YC and Wu ZW. 2001. Thin-skinned thrust nappe
structures in western Liaoning in the eastern sector of the Yanshan
orogenic belt. Acta Geologica Sinica, 75 (3): 322 - 332 (in
Chinese with English Abstract)

Zhang Q, Wang Y, Xiong XL and Li CD. 2008. Adakites and granites;
Challenges and opportunities. Beijing: Land Press, 1 — 344 (in
Chinese)

Zhang Q, Qian Q, Wang EQ, Wang Y, Zhao TP, Hao J and Guo GJ.
2001. Existence of East China Plateau in mid-late Yanshanian
period; Implication from adakites. Scientia Geologica Sinica, 36
(2): 248 =255 (iin Chinese with English abstract)

Mt F 325 8 Sk
FRER, PFT, AR 1991 JGRIBTER LS . dbat: BT AR
, 1-169

BRSCEE, BROCAY . 1997, 10 VG B 4B X AR K LA —— 4R 2 bk
LR 5 . et HEZ AL, 1-279

PRI, ZEIRM, ZEI0HE, BRER, MR, kA4, SEEAE. 1963
FELL PG B p 11260 2 (R EEW LA 2 o A e R VE R R
LlEbE). L. P EM A S R R SE AR SR SR ) (B
YA BRI ), EENTF PR IS SCE ). Jbat: MR
¥, 1997, 115 - 128

FEIIGE, B, BISIT, BRETHE, . 2003. keSO
R PR E T RO MT . At R (A RR) , 39
(6): 844 -850

LA MR . 1989 LA b atT K H T KIS . dbat:
HoJs i At 1 -731

BRI, £k, #5A8, Fritioc. 1995, BkIE R A R PR 23
FRIFURE . PEFA(B ), 25(4) : 418 -426

W, R 2004, JERCARERE & TH— 7 M BOM S AL . b At
fit, 16(1) . 1-15

I 2002 LI LT A AOKOBEE HBR f 27 P il 2 H Bk )

ELFI| 2009, 25(1)

Acta Petrologica Sinica

JrEER e TN A ERREBET N R AL A T S AT
TAEHRE, 1-90

Ak, A5, ZSIERE . 2007, TR R g L B 00 AE K B9 R
KRS TE . BRI, 52(9) : 981 -991

ZEEH, JURE, WE, TRE, I, BT, 2004 JLEAEIL
ARARI LA T L5 U S 3h 240 . BRIk, 33(4)
353 -360

X ESE, W/, BREESE, MR, A, 2003, A BUAERSSE K
FIAREAURA . AR ER, 9(4) : 573 -591

XN d, FE, R, fhitde. 2002, fedbsohiimdgeh ARk
B IWRERS AR L. A AR, 18(4) : 433 -448

R, AN, ZSE Y, AT . 2002, KIS L I Ba-Sr 8
B A IR A AR AR S SR AR S db R A0 L v 2R AR
RIS . AR, 18(3) : 275 292

BRucL, SKIBAT, B, WPCZE. 2001, Jb5UHg v 2R Ao et
R AL R LRRE . M2, 74(2) : 205 -212

IhERE, VERE, XBEAR, )X, BA M, HiE . 2007 JeaibX
AR A IR 90 B Hot R 3 S B W R Ak il
2, 26(3) : 258 —262

TEFE . 2006. 31 i rb A A b FE i JRE———f B 4 i 3L T 0 5 49 465
PEKA IR A B2 . TN R E R B M ER AL 2 B
FPTEL eI R TAEHRS, 1-131

TEEE, W), BA L. 2005, dbat v (KK T AR 1 ALA) Tk 1l
HE A T ST . JERTHb, 17(3): 1-10

S, FNVE, FMEA, BhE, 30, 1994, Wb iRk
Pl TR RS AR e &R . dEaT: MU AL, 1 -213

TR, ml, MUN, SRR, Bk, ik, TSR . 2005. 3L
TG P04 i R i B R L A R s ER L X R SR PR
UUVEFAAN S/ Y Zfb 4 . i E R4 (D $#) , 35(8): 700 -
709

o, BRIE . 2001, NIKUATE B 24 5 0 4L Hh Bk Ak “F R AE O3S
N, 17, 533 - 540

WAL, K, BFAE. 2001, T EZRES A BUAE A T SRR 2
YIFORTE N Nd-Sr-0 [alf Z MhIRAb 2= 2 . A fEd, 17(1)
95 111

WRRIC, ZEEE, BibE, KRk K. 2007, 16 E BT T )
. AR, 23(6) : 1217 - 1238

M, EORE, tRA A, B, S, 2RE. 2007, WRVLERDUL M
R AR R A S SRR E L. wA
2245 23(6): 1431 — 1440

ERWIA, R4 . 1997, FREARIHGE S H0 LRl dbat. B
AL, 1-292

B, SeE AL, SRIESC. 2001, 1L 10 A AR Br—10 74 b X 2
T . MR, 75(3) ;322 -332

WK, THG, BE/MR, ZRIRAR . 2008, 3RIBTUAFIAE K A PRI 501
. dbnt: KM R, 1 -344

Wik, #7, Tt T, BT, A, % . 2001, il
Me IR R AR R IR BRI TOE R R . MR, 36(2) !
248 - 255




