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Abstract The K-feldspar granite intrusion from Daolanghuduge, Inner Mongolia, is located in the Bainaimiao arc of the northern
margin of the North China Craton (NCC). The SHRIMP analyses of zircons from the intrusion yield a weighted mean **Ph/** U age of
139.6 £ 1. 7Ma. The intrusion is characterized by high SiO, contents (75.79% ~78.07% ), high alkali contents (K,O + Na,O =
7.39% ~8.29% ) but low CaO contents (0.22% ~0.59% ). The K-feldspar granite is marked by a “sea-gull” pattern of REE
distribution with a 8Eu ranging from 0. 03 to 0. 12, showing a relatively significant negative Eu anomaly. These rocks are enriched in
Ga (21.2x107° ~26.6x107°), Zr (173 x10 7% ~417 x107°), Nb (32.3x10°°~42.4x107%) and Y (24.6x10 ® ~53.9 x
%) but depleted in Sr (14 x 10 ~44 x10°°) and Ba contents (18 x107° ~211 x107°) , and exhibit remarkably negative Ba,
Sr, P, Eu and Ti anomalies on the primitive mantle-normalized trace element diagram. All these characteristics resemble A-type
granites which originated from the partial melting of felsic crust under high temperature and low pressure conditions and the subsequent
fractional crystallization of feldspar, titanite, etc. Combined with regional tectonic evolution, we suggest that the K-feldspar granite
formed in an intraplate extensional setting. The northern margin of the NCC went through a transitional tectonic regime from
compression to extension during Late Mesozoic. Under this tectonic regime, the upwelling asthenosphere provided enhanced heat flux
and triggered the partial melting of the overlying felsic crust and then produced the Daolanghuduge K-feldspar granite intrusion.
Key words A-type granite; Zircon SHRIMP U-Pb age; Geochemistry; Daolanghuduge intrusion; Inner Mongolia
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2007) . —MINA, A5 PG 1) R A 4 5 4 S VU AP R AR B 5 42
JE B PEE FLBR (Sengor et al. , 1993 ; Chen et al. , 2000) ,
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Fig. 1

Sketch regional geological map of the northern margin of the North China Craton ( modified after Lu ez al. , 2009)

1-Paleozoic continental margin of South Mongolia; 2-Paleozoic arc-accretionary complex of South Mongolia; 3-Early Paleozoic continental margin of

North China; 4-Precambrian craton of North China; 5-Yanshanian hypabyssal rocks; 6-Yanshanian plutons; 7-Indosinian magmas; 8-Pre-Mesozoic

magmas; 9-Solonker suture; 10-fault
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and K-feldspar granite in Daolanghuduge area, Inner Mongolia

Sketch map of Mesozoic intermediate-acid intrusions

1-Quaternary; 2-Tertiary; 3-K-feldspar granite; 4-monzogranite;

5-tonalite; 6-gabbro
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ALO, #E A F 11.43% ~12.50% 2 [ , 4545 %0 ASI(ASI =
I FHALO,/[ CaO + K,0 + Na,0]) A+ F 1. 13 ~1.22 Z ],
BT EBIUA A (B 5) . £ QAP 2325 fif (& 6a) 1, 23
TEANBAE R A X, 78 Si0,-K, O Bl (1 6b) h, #5052 SR

P13 NS T8 RSP ATAR B K AL B T S IR

(a) -FRAE R G R FREE I, £ 3 hE LG 38 R R WU R H 5 (b) -FAE R AN SRR 50, ORH AT A ROUR & &, W1 LR A

B AR TG . Bi- B Me-TURHR A s PLRHC A 5 Q-F1 3

Fig.3  Photomicrograph showing textural relationships of the Daolanghuduge, Inner Mongolia

(a)-inequigranular texture of K-feldspar granite, displaying fragmentation phenomenon of quartz and polysynthetic twin of plagioclase;

(b) -inequigranular texture of K-feldspar granite, showing grid twinning of microcline and metasomatic phenomenon of plagioclase by K-feldspar and

quartz. Abbreviations; Bi-biotite; Mc-microcline; Pl-plagioclase; Q-quartz
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xR 1 EERMFFEEIFKIER S SHRIMP $55 U-Pb 5345 R
Table 1 Zircon SHRIMP U-Pb data for the Daolanghuduge K-feldspar granite

206 207 * 207 *

(Ma) (%) (%)
DH-23-1 1621 845 0.54 30.6 139.6 +4.1 0.02189 3.0  0.1493 4.1 0.04947 2.8
DH-23-2 2298 925 0.42 42.9 138.3+2.4 0.02169 1.7 0.1433 2.6 0.04793 2.0
DH-23-3 882 499 0.58 16.6 139.6 £2.5 0.02189 1.8 0.1436 2.7 0.04757 2.0
DH-234 1186 561 0.49 22.5 140.8 2.5 0. 02209 1.8 0.1500 3.0  0.04927 2.5
DH-23-5 672 275 0.42 12.4 136.4 +2.4 0.02138 1.8 0. 1509 3.1 0.05119 2.6
DH-23-6 695 199 0.30 13.5 143.7 2.5 0. 02255 1.8 0.1510 3.9  0.04857 3.4
DH-23-7 1167 583 0.52 21.7 137.6 +2.4 0.02158 1.8 0.1393 3.4 0.04682 2.9
DH-23-8 1043 405 0.40 19.8 140.3 2.4 0.02201 1.8 0.1526 3.5 0.05028 3.0
DH-23-9 873 425 0.50 16.6 140.2 2.5 0.02199 1.8 0.1427 4.2 0.04707 3.8

T2 ENFHERARKEREEELRE(W%) HIRMETE( 10 ) SHER

Table 2 Major (wt% ), rare earth and trace elements ( x 10 ™°) compositions of the Daolanghuduge K-feldspar granite

MY  DH-6 DH-7 DH-8 DH-9 DH-16 DH-17 DH-23| #:45% DH-6 DH-7 DH-8 DH9 DH-16 DH-17 DH-23
Si0, 77.89 77.88 77.99 177.44 75.79 76.01 78.07 Er 5.26  5.69 4.88 3.97 4.48 4.13 3.15
Al 05 12.11 12.20 12.18 12.49 12.49 12.50 11.43 Tm 0.90 0.94 0.81 0.67 0.73 0.69 0.56
Fe, 0, .32 1.27 1.30 0.98 2.05 2.03 1.65 Yb 5.68 6.26 5.36 4.25 5.01 4.55 3.74
FeO 0.19 0.15 0.11 0.15 0.28 0.14 0.19 Lu 0.82 0.8 0.78 0.60 0.72 0.68 0.55
MgO 0.03 0.03 0.01 0.03 0.07 0.04 0.03 REE 218.4 298.9 220.9 218.5 346.3 431.5 216.1
Ca0 0.24 0.33 0.26 0.35 0.59 0.31 0.22 d3Eu 0.03 0.03 0.05 0.07 0.12 0.09 0.05
Na, O 2.65 2.82 2.35 2.66 2.49 1.90 2.05 Sr 17 18 20 14 40 44 14
K,0 4.86 4.57 5.19 5.14 5.45 6.39 5.68 Rb 251 219 270 294 148 200 303
MnO 0.002 0.001 0.006 0.007 0.020 0.011 0.001 Ba 21 45 78 18 211 135 34
P,04 0.015 0.008 0.011 0.015 0.015 0.019 0.019 Th 45.8 47.5 41.9 60.1 26.4 23.6 61.2
TiO, 0.09 0.09 0.08 0.08 0.19 0.17 0.08 Nb 39.5 39.6 32.3 37.7 42.4 37.7 33.8

LOI 0.34 0.44 0.45 0.40 0.46 0.45 0.45 Zr 200 190 173 179 417 351 240
Total 99.74 99.80 99.94 99.74 99.91 99.97 99.85 Cs 10.1  11.7 13.8 16.1 11.7 5.7 12.5

A/CNK .21 1.20 1.22 1.18 1.13 1.18 1.15 Ga 22.4  23.6 22.4 23.7 24.6 26.6 21.2

Mg* 4 4 2 4 5 3 3 Hf 8.17 7.94 7.33 7.69 11.98 10.06 8.81

La 31.7 51.2 36.2 40.8 64.8 90.6 43.8 Sc 3.0 3.2 3.4 4.7 3.6 3.1 2.8
Ce 92.2 125.9 87.4 81.6 176.5 208.8 91.2 Cr 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Pr 10.3  14.2 10.9 11.6 14.2 19.8 11.4 A% 14 13 14 17 21 18 6
Nd 40.0 54.6 42.6 45.4 50.5 70.9 40.4 Ni 1.5 3.9 1.8 1.8 2.0 4.9 3.6
Sm 9.78 12.72 10.31 10.52 9.57 11.36 7.57 Co 0.5 0.5 0.9 1.0 0.8 1.2 0.3
Eu 0.10 0.12 0.17 0.22 0.36 0.30 0.12 U 2.30 3.16 2.33 3.17 2.69 2.23 2.20
Gd 8.59 11.12 9.04 8.39 8.70 9.57 6.02 Y 51.4  53.9 44.7 37.8 40.5 36.2 24.8
Th 1.63 2.00 1.60 1.41 1.42  1.43 1.0l Ta 2.21  2.78 2.56 1.90 2.38 2.34 2.30
Dy 9.54 11.22 9.13 7.65 7.76 7.30 5.50 || T, (C) 861 852 847 845 921 914 877
Ho 1.88 2.08 1.75 1.45 1.54 1.43 1.08

BT A B A 2 R A Pt TT R AL B 7n B K JE 5 B AT 8 i Rb (148 x

i e R PR R F K AL G A HA R W REE & & 107 ~303 x107°) . Ga(21.2 x10°° ~26.6 x 10™°) . Zr (173
(216.1x107° ~431.5 x 10 %) 2 Hfi + oo B H & HH -0 x107°~417 x 107°) \Nb(32.3 x10™° ~42.4 x 10°) fl Y
FOPHH A3 Ai FEAE ((La/Yb) y =3.76 ~13.42,(Gd/Lu)y = (24.6x107° ~53.9 x10°°) kb, 5AKAY Sr(14 x 107 ~ 44
1.30 ~1.75) , Fi LB/ 2 “ R 7 4340, 8Eu /v T x107°) Ba(18 x107° ~211 x10™°) .Cr(F#/ 2.0 x107°) .
0.03 ~0. 12, LA @AM i 7% (B Ta) . Ni(SFH 1.5 x107°) F i, 7 Rt oo 2 Wik I 18] 1= R 21
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Fig.4 Cathodoluminescence (CL) images (a) and concordia diagrams of U-Pb zircon dating results (b) from the Daolanghuduge

K-feldspar granite, Inner Mongolia

Circles in zircon crystals indicate positions of analytical sites
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BRI, 5 A BERCEAERL, I HRA 5 A B8 K A A
PR TR RRAE , BN Y Ga Ze Nb Y 5 &, BARAY Sr
1 Ba &£ ( Whalen et al. , 1987), 10000 x Ga/Al WAEA T
3.48 ~4.01 Z[H] (°F-14 3. 64) W0 & 7 T 8RN S BUFE B -1

WE (5350 2.1 R 2.28) , MAR T A BUAE G A (H 3.75
(Whalen et al. , 1987) . H1FEALAY 1.S BIZE RG24 (Si0, >
T4% ) FHELERE RS A BRI B AR, DR ) A A7 B
IIVERG X 3 SR AR N R ERRAF (2000 ) A Ky, AHXT
T A B, a5 S BIE R HA TS P05 A i (1Y
fH0.14% ), ¥ 4y 5 1 BUAE b6 5 HoA K FeO' & i
( <1.00% ) FIEZwH Y Rb &k (> 270 x 10°°) it ERIE AR 4
B AE R AR P, 05 5 i (1 0. 014% ) X5 T 70 5%
(S RIAE R & B ) FeO' F ik (XMH 1. 54% ) R Rb
S (BE 241 x 107°) KB FRsr 5 1ML &, 1
Whalen et al. (1987) £ 4 % 31 5] [l fige v (&1 8) , BT A FE A
TR T A BRI A X, TR T8 RS IR BT A 41 4 A i< 25 1 IR
T ABIRERA

XFF A BUAE A, — B OR AR B B Rl
(Bonin, 2007 ; Frost et al. , 2007) , FZW &S A4 (1) Huhe ps
AW B 4 T AE FH (Turner et al. , 1992 ; Mushkin et al. |
2003) 5 (2) B SR KB PR 3K Z 5 1 s FLOCLRRRL A AH T
Hb 7 AP AR B 501 il ( Collins et al. , 1982 ; Clemens et al. ,
1986) ; (3) M& IR EH 5 IRIETE U 72 A K TR & 528 UE
FH (Harris et al. , 1999; Mingram et al. , 2000; Yang et al. ,
2006) ; (4) ik 5 T 55 5 P4 5 11 19 & 20 45 fil ( Skjerlie and
Johnston, 1992 ; Patifio Douce, 1997) , H FHF5 X Gt = 54
KAE A [F AR W B 2T A A, B AL X 5 1) Sio,
St It BRI AR, i LA RS I 43 15 485 S L T
BEMER N o B KK B BTS2 R 1Y T HUSE RRORL S AH )
JoT A A R A AN R AT BB R AS XA TR 5 2 0 8 R B
T A EWT IR, T M RO W) 5T A 04 il S O
JRUE BRI B BE DT R I R b5, X Rh AR AR N M SS A R



fRESE. NEFERFHRBILE A B IR 2 FRF IR F B HFTE L 489
Q

8 T T T T T T T
a b .
7 _
o |
6 -
1 E
5 _
9 ]
34— S .
2/ 3a 3b 4 \s 1
3 | _
8> ]

e° 2

B s _
1k _
6* T* 8* 9 10* &80 Bz BE) R %) ]

0 ] | | | | | | |
A — I 8 \ 9 \N10 N\, 40 45 50 55 60 65 70 75 80 85

Si0,(%)
K6 I8BRIEARMS B AL B e SE bR ) & B QAP 43258 f# (a, #& Streckeisen, 1976) 1 Si0,-K, 0 Ef# (b, #i& Peccerillo and

Taylor, 1976)

Fig. 6 Diagrams of QAP (a, after Streckeisen, 1976) and K, O vs. SiO, (b, after Peccerillo and Taylor, 1976) for Daolanghuduge

K-feldspar granite intrusion
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Fig.7 Chondrite-normalized REE patterns (a, normalization values after Boynton, 1984 ) and primitive mantle-normalized trace

elements spidergrams (b, normalization values after McDonough et al. , 1992) of the Daolanghuduge K-feldspar granite

PR 43 5 RS 7T BB 2R B A AR i JT A 9K ( Creaser et al.
1991 Patifio Douce, 1997) , WFAMLEE WoR AR I AN K H £
BRTTALAR , TR W e 5 e A TR A B TR PT Rt AN 2
H BB . A BIE b — R Bt iR, TSR AN
{HBR K B o I, A BUAE i) g AN AN 46 B3 4 R g i
A TG, AR AR 55 R R AR A AR T A BUAE
A (King et al. , 1997; A} # B %5, 2005 ), King et al.
(1997) IAAERT A BULE b 5 000PE AR B A B S [R] ) Bk
A2 RRAE B R LR AR BT A AR A TR T RIE R K & R

FE Tl (T S0 L, T BRI A el 2 D SR R e T i U
BERRBUA I o ) SR A A AR, RN K
JBT- A 5 DR T A AV A b 2 1 JBE 7K s T LU B A A
i) %+ (Patifio Douce, 1997) , # K F| V. Lachlan £ 4% 45 19 55
A BB R R R e N KT JBIEA fe TiL R 20 4 O IR ( Kiing
et al. , 1997) . JERRIFHARAR A BUAL B 4 R AR T A BUAE B 5
(F5) ,BARAY AL O, &t ( <15% ) (5REL5 LY Sr(Eu) K
S HREE S5 A4RAE (18] Ta) 4878 5 B T 7 AR RHC A
ELJE AR A 83 BB v IR R Ml X (< 10kbar ) (Rapp and
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Watson, 1995) , Af DA T 4 58 5 b 72 B e o il K HL 5
1943 S E R R 2 B AR 5 4 T U S AL . B T A A
AER T Se-Nd. [R) 57 2 M R , AR BIFFRAL A 1 14
i (1 Sr R ZBAE R 3 444E S Y Nd [R) 7 40080 . 3L 1 fE
0. 71123, e, (O A TF —2.57 ~ —4.66 Z [, FiF B Nd
BN T 1. 14 ~ 1. 31Ga, &M ey, (1) BTSRRI
Nd [a)f3; F AR 7R 2% A BUAE 5 A A TR XOR AT B Ry 22
MR SERLE BT Y BT, T AT e M B AR R M 2 B, TR
HETC R W I 1 B AE B S R SR EN Y Ba St P Ti i,
Horpr Sr.Ba R W RERAHC A BRI B4 BT EL, TiL P
SETRERE T 0 W) (BT A5 RIBE I A 10 43 B 45
e TR, R, A BURE B Y 7 AR R B s R AR,
Clemens et al. (1986) F1 Watson and Harrison ( 1983 ) 52 4 i
IR D TR BUR S E E MY B HM = (Na + K +
2Ca)/ (Si x Al) FUEMIR B 19 R, T MAAERI 44 Zr &%
i, AT RUE RS A 1 R (3R TR IR ) , H6 R R
X/ NERAIIRIRBE . TERBIFESRE A BUAE R 1985 01
FLEE Sy 845 ~921°C -3 874°C (n =7) , F & T ARSI
Lachlan #8457 55 5T A #4426 1 4 19 F- 24 {H 839°C (n =55)
(King et al. , 1997) , B8 i F i o0 57 09 1 2L B 2 (W T IR
JE R 764°C (King et al. , 1997) , [RIBT, HHEAE 5 & To 4k &

BEAT, X — B S RYAE B 5 UL AR AR AL A R, L B e 1 A
AR IRARAE . DI I X B AE B A e A P RE = R R
KL 7 0 T il B LR A A S 0 R A A
ek

5.2 HMELTE

A UG B I T i 1 oI i 1l 5 B ( Sylvester,
1989; Bonin, 1990; Eby, 1992; Nedelec et al. , 1995; Whalen
et al. , 1996) ., Eby(1992) 418 A BIZE R A5 A, F1 A, FFp
FARY, A, AR R AL TR IR IR B, 100 A, AL R AL
P L FR b, A Nb-Y-Ce % Y/Nb-Ce/Nb 51l 1
9) , WFFE X IE b S FE A BE AL T A, BUFE R & X, 3678
TR LR R IR, XK IR A R T RIS
AL (Miller er al. , 2003 ) , ST 5 4 1Y 7 H 75 2 = iR A
AE, SRR PR A O, TR T R s 4 57

A sERLE AL Gl AR AC- AR 2 3 L0 B T AR 2 1 el
RO A Rl AR, 28 0 T8 A I b 5 3 Ak 3o FR (Meng,
2003 ; Xiao et al. , 2003 ; Liu et al. , 2005) , B 440,
Y ) A b o 37 388 R e R i AR oty A ARSI A= 2R 81 (490 ~
446Ma) (Xiao et al. 2003 ; Windley et al. , 2007) , Hr-if il 4=
AR b, FE Al FE Rl db g & A 22 55 17 ALK B 9ICE AR
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Fig.9 The Nb-Y-Ce (a) and Y/Nb-Rb/Nb (b) diagrams of K-feldspar granite intrusion in Daolanghuduge, Inner Mongolia ( after

Eby, 1992)

(390 ~270Ma;Zhang et al. , 2007b, ¢, 2009) , B4,
A TERLEAL AL TR R 5, HERSORILUR 4B
MR ERAE Ak 28 18 2 PG A ) I AR B R 55 1 (RISl
PO kB (29 180Ma ) F- 1 [ SIE. 90 K B4t ol (5K % B %%,
2010) , FEIZRFF ARG AR P Sk A v AR 2 05 T S 2L
S (G, 1990) , L AE A EW 0] 44 3 2R 58 5% 72 S 1
t AR NE-NNE [0 #93& R0, 25, P EARBA L G0
Va3 A Hb 5% i 2 (Webb et al. , 1999; Davis et al. , 2001,
2002; Wu et al. , 2002, 2005) , X T 1R & Az g i 1),
Wang et al. (2004) 36530 F 98 -85 4116 R 7 ( Yagan-
Onch Hayrhan ) B b A4: Q1L B 5 B RF SRR BT, 46 150 6 2 TB
T AR A RLEK T 57 (135Ma) 3 A 52l U 5 F A XA 2
AL Bt g 1 a1 (108 ~ 128 Ma) 7 Bl i f) 14 %
B (2R354 ,2006) o[B8 M AR 2 - B 1 2 30 1, i 408 b X
A IR E A (W e al. | 2002) 5 B 17
H (Zheng et al. , 1991; Davis et al. , 2002) X [F]EH BT 2 b
FFE %, ( Graham et al. , 2001 ; Meng, 2003 ) , #3457~ T —Fpfi
JeH . AL FERLEAL S Y BR TR X A BUAE A TR
T 167Ma, 238 15 PR 5 F 0= (FR&E )5, 2008),
TE BRI AR RS A BUAE 5 1 7™ ) U 7 At SRl db 2 78
140Ma I £ 28 #E A MR A FLIR IR

Xof A L g P ol PR AL 2 (A T o I A, IR
B Z RS, PR IE T (Xu et al. , 2004; Zheng
et al. , 2006, 2007 ) ML Hi ‘-4 74 48 B /E FH] ( Zhang, 2005
Zhang et al. , 2007a) HHALEER (Chen et al. , 2004) ,{H
PROUERR) VZ AT B EZEALH (RARITAIMER ,1999;
Gao et al. , 2002, 2004; Wu et al. , 2005, 2006 X% 2% .
2006; Deng et al. , 2007) . P2 L8R HEARB A I b £ T,
A RB A 32 300 U A ) i B T T R 2 A 1 g g 7
ST, B BOE R 0 Wt R AR A A R, 51k R 1
SR, Os [Al 22 5Ok, Pl b RO B 44 i 2 e 14y
e aw=palich: il A=W SR s =l s e e i Ep ey i

HIRANTR], 2B rp A= AU S P M AR 23 M e — e ad i
PRUTAE TSR Pl s , Py abb S A0 B Ml 15 M e 14
ELHEH il (SRAR TS ,2003) o B REIFHRRS L 1 R4 1B AE
] BRI TR DU IS A BB SK RS v, 00 Pl I
-5 e L H A, X b R e M 58 A BN AR At fi
HAR T EROIE G2 X A BUAE R A

6 &iie

(1) JERBIFHR A B 1 AL b 5 B 45 41 SHRIMP U-Pb 4%
o 139Ma 2T 24

(2) T8 RIS AR BRI AE I 5 ke B B85 L e kB L
{H, BA7 B3 Eu U575 K Sr Ml Ba 12 LB Ga,
Zr Nb FIY FECR & H, R A SRR AR, JE T il
AR T KT T e A 78 23 il b IR R AT A A 55 B0 23 B 25
At o

(3) EREMFAAS AR A A A, BB A B RHAE B
BT AR AR5 5, AL re Rl b SR S T A 1
L7/ 8

Bt 50 SHRIMP U-Phb AR5 21 v [ 3 5o to B 5 1
TRET A A RO B s AL R AR T S SR L
RGBT DL A R
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