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Abstract The Hadamiao area is located in the northern margin of the North China plate. The SHRIMP U-Pb dating of zircons from
granite porphyry and diorite of the Hadamiao area yields ages of 271 +3Ma and 267 +3Ma. Granite porphyry is characterized by its
high SiO, (averaging 75. 11% ) and K, O contents (averaging 5.06% ) , low MgO (averaging 0.43% ), Cr (averaging 6.70 x 10 %) ,
Ni (averaging 5.15 x 10™®) and V contents ( averaging 26. 86 x 107 %) | but diorite is characterized by its lower SiO, ( averaging
57.28% ) and K, O contents (averaging 1.23% ), higher MgO (averaging 5.31% ), Cr (averaging 195. 18 x 107°) , Ni (averaging
59.11 x107%) and V contents (averaging 148. 13 x 10 %) | respectively. The rare earth elements (REE) contents have an obvious
increase from diorite to granite porphyry, but granite porphyry has more strongly negative Eu anomalies and fractional degree of heavy
REE (HREE) and light REE (LREE). These rocks are enriched in large ion lithophile elements ( LILE) , but depleted in high field
strength elements (HFSE). Both granite porphyry and diorite share the common features of relative high I, valeus( /g, : 0. 704803 ~
0.707025) , low gy, (1) values (&y, (#): —3.92 ~1.03) and young Nd-model age (898 ~ 1322Ma). We suggest that granite
porphyry and diorite of the Hadamiao area were formed during a middle Permian subduction of paleo-Asian ocean slab. The high Mg
diorite was a product of partial melting of mantle wedge replaced by slab-derived fluid and mixed by crustal materials, and granite
porphyry was probable a product of crystallization differentiation of dioritic magma.
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Fig.2 Sketch geological map (a) and sampling profile (b) of the Hadamiao area
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Fig.3 Cathodoluminescence ( CL) images of zircons from granite porphyry and diorite from the Hadamiao area

Circles in zircon crystals indicate positions of SHRIMP U-Pb analytical sites. 3-1. 1: Number of analyzed spot
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Table 1 SHRIMP U-Pb isotopic analyses for zircons of intermediate-acidic intrusive rocks from the Hadamiao area
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Fig.4 Concordia diagrams of SHRIMP U-Pb zircon dating results for the granite porphyry and diorite from the Hadamiao area
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K2 MBEEMERABREBANEEETE (W% ) BITERMETER( X107 ) HHER
Table 2 The analyzed data of major (wt% ), rare earth and trace ( x 10 ™®) elements of intermediate-acidic intrusive rocks from the

Hadamiao area

[Ene=s H4-180 H30-16 H30-17 HKI1 HK3 H304 H30-7 H30-9 H30-12 H30-14 HO-77
AT ERBEA NK&E
Si0, 74. 43 74.13 77. 61 74.36 75.01 57. 84 59.76 54.43 55.32 60. 45 55.90
TiO, 0.21 0.27 0.07 0.25 0.29 0. 69 0.61 0.56 0.54 0. 66 0.67
Al, O 13.62 13.32 12. 40 13. 66 14. 09 17.26 15. 82 15.79 15. 61 17. 47 17. 49
Fe, 05 1.12 1.75 0. 05 0.71 1.55 2.97 1.63 1.77 1.22 2.13 2.33
FeO 0.53 0.19 0.30 0.42 0. 60 3.38 4.35 5.49 6.11 3.50 5.13
MnO 0.01 0. 02 0.01 0.02 0.01 0. 10 0.10 0.12 0.17 0.08 0.13
MgO 0.25 0. 44 0.11 0.50 0.87 3.16 5.27 8.56 6. 62 3.63 4.60
CaO 0.17 1. 10 0.35 1. 14 0.22 5.50 6.72 8.07 9.35 6.36 7.06
Na, O 1.95 2.39 1.93 2.80 2.30 2.66 2.15 2.16 2.50 2.18 2.27
K,0 6.25 5.63 5.51 4.99 2.92 2. 68 1.27 0.36 0. 64 0.41 2.02
P,0s 0.03 0. 04 0.01 0.05 0.04 0.11 0. 09 0.07 0.08 0.09 0. 10
LOI 1.20 0. 65 1.41 0. 86 1.97 3.41 1.95 2.36 1.55 2.73 2.02
Total 99.78 99.93 99.75 99.76 99. 87 99.75 99.72 99.75 99.71 99.71 99.72
K,0/Na, 0 3.20 2.36 2.85 1.78 1.27 1.00 0.59 0.17 0.26 0.19 0.89
A/CNK 1.32 1.11 1.27 1.13 1.92 1. 00 0.92 0. 85 0.71 1.12 0.93
Mg # 22 31 36 46 44 48 62 69 62 55 53
La 37.70 31.20 18.90 37.10 28. 00 17. 00 10. 30 4.90 4.90 7.70 14. 30
Ce 71.9 62.2 30.8 76.2 48.2 34.7 20.7 1.1 10.7 16.9 28.5
Pr 7.99 6. 84 3.68 8.20 5.36 4.21 2.63 1.47 1.37 2.10 3.47
Nd 27. 86 24.29 12. 65 28.57 18.27 16. 63 11.02 6. 12 6.33 8.98 14.29
Sm 4.94 4.52 2.42 4.73 3.15 3.37 2.52 1.79 1. 68 2.31 3.15
Eu 0. 86 0. 86 0.35 0.58 0.46 1.02 0.83 0.62 0. 65 0. 80 0.93
Gd 4. 66 4.09 2.27 4.25 2.96 3.16 2.49 1.91 1.91 2.35 3.13
Th 0.74 0.69 0. 44 0. 63 0.47 0.53 0. 46 0.39 0.36 0. 44 0.53
Dy 4.26 3.89 2.81 3.39 2.69 3.23 2.84 2.44 2.31 2.87 3.34
Ho 0.91 0.82 0. 60 0.71 0.56 0. 64 0.59 0.54 0.51 0. 64 0.70
Er 2. 65 2.38 1.87 2.06 1.69 1. 86 1.63 1.53 1.47 1.82 1.99
Tm 0.45 0.41 0.35 0.36 0.29 0.32 0.28 0.27 0.25 0.31 0.34
Yb 2.94 2.79 2.43 2.51 2.03 2.05 1.77 1.68 1.74 2.03 2.19
Lu 0.46 0.42 0.38 0.40 0.31 0.32 0.27 0.27 0.27 0.29 0.34
> REE 168. 3 145. 4 79.95 169.7 114. 4 89.03 58.33 35.03 34.45 49.55 77.20
SEu 0.54 0. 60 0.45 0.39 0.45 0.94 1.00 1.02 1.11 1.04 0.90
La/Yb 12.82 11.18 7.78 14.78 13.79 8.29 5.82 2.92 2.82 3.79 6.53
(La/Yb) y 8.65 7.54 5.24 9.97 9.30 5.59 3.92 1.97 1.90 2.56 4.40
Sr 149.2 175.3 58.20 153.2 85. 80 402.9 329.0 224.6 310.9 272.7 351.8
Rb 149.7 177.1 192. 4 124.2 114.8 77.43 43.68 14.71 22.29 18.95 74.82
Ba 1171 842.5 408.9 1018 467.8 522.4 321.0 212.5 399.0 166.9 374.9
Th 26. 90 20. 10 19. 10 31.40 24. 60 7.70 3.50 7.20 2.70 3.00 6.90
Nb 6.93 9.79 9.45 7.71 5.81 7.19 3.21 1.91 1.99 3.21 4.68
Zr 240.9 231.7 114.2 213.2 154. 6 113.0 116. 1 69. 14 77.26 90. 90 92.15
Cs 2.80 4. 60 2.80 2.30 5.30 2.60 1.70 1. 40 2.10 2.10 2.70
Ga 14.99 14. 01 11.17 13.03 13. 62 18.23 18.03 16. 07 15.39 17. 15 18. 82
Hf 8.19 7.59 4.46 6.74 5.26 3.34 3.24 2.03 2.39 2.61 3.48
Se 5.80 6.70 4.00 5.80 6.70 15. 60 19.70 26. 10 22.90 19. 10 25.90
Cr 6.40 5.30 4.20 5.90 11.70 30. 80 157.3 498.3 380.5 47. 60 56. 60
\ 19.10 25.20 11.00 35.80 43.20 117.8 143.3 168.0 150.9 137.8 171.0
Ni 6.27 7.03 1.33 4.75 6.37 22.71 60. 23 132.05 96. 81 20.33 22.52
Co 2.35 2.35 0. 61 2.45 5.10 21.22 20. 61 36.63 29.90 16. 94 26.02
U 4.47 6.18 4.16 4.28 3.91 2.46 0.82 0.56 0.57 0.83 1.04
26. 30 22.60 17.70 21.30 16.70 18. 40 16. 30 14. 80 14. 40 17.20 19. 40
Ta 0. 68 0. 96 1.09 0.90 0. 68 0. 65 0.23 0.17 0.11 0. 46 0.41

1 :A/CNK = A, 0,/(Ca0 + Na,0 + K,0)/rF%(, Mg" = 100 x [ Mg?* /(Mg** + Fe** ) ] 574k
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Table 3

Hadamiao area

The Sr-Nd isotopic determination data and some major parameters of intermediate-acidic intrusive rocks from the

B Rb( x10 %) Sr( x107%) 87 Rb/% Sr (¥81/%8r) I £, (1) Sm( x1079)
H4-186 90. 61 635.20 0. 4130 0.706372 +9 0. 704803 +9 8.76 4.31
H30-7 43.68 329.00 0. 3850 0.708149 +6 0. 706687 +6 35.52 2.52
H30-19 56. 14 285. 80 0. 5695 0.708915 +9 0.706752 +9 36. 44 3.89
HK1 124.18 153.20 2.3503 0.716087 +9 0.707025 +9 40.39 4.73
HK3 114. 80 85.80 3.8794 0.721124 +6 0.706166 +6 28. 18 3.15
FEf Nd( x107¢) 1478/ Nd (1431\1(1/1441\1(”q (mNd/]MNd); ena (1) tpy (Ma) Ssmna
H4-186 23.78 0.10971818 0.512539 +5 0.512347 +5 1.03 898 -0.44
H30-7 11.02 0. 13856009 0.512502 +6 0.512260 +6 -0.67 1316 -0.30
H30-19 20. 10 0. 11710789 0.512313 +6 0.512109 +6 -3.62 1322 -0.40
HK1 28.57 0. 10020864 0.512266 +5 0. 512088 +5 -3.92 1189 -0.49
HK3 18.27 0. 10450063 0.512327 +5 0.512142 +5 -2.88 1150 -0.47

ey = [(143 Nd/' Nd),/( N/ Nd) cyug = 1] x 10000, fo,na = (147 Sm/!* Nd) /(™ Sm/ 14 Nd) ey =1, tpy =1/A xIn |1 + [(143 Nd/
Nd)s —0.51315]/[ ("Sm/™Nd) —=0.2135] |, (" Nd/"™Nd) cyur =0. 5126385 (7 Sm/"™Nd) g =0. 19673 (" Nd/™Nd)  =0.51315;

("Sm/™Nd) py =0. 2135

0. 704803 ~0. 706752 , H1{% F B4 K i 5% 1., F H{H 0. 719,
TERBEA T g (1) AT —3.92 ~ —2.88, X (1 Nd B 4E
W58 1150 ~1189Ma, AHEAY exg (1) AT —3. 62 ~1. 03, 1%
B TAE R BEA Y ey (1) 18, Nd B AR IR A T 898 ~ 1322Ma,
AR BEA 1) Nd BECAR B RS 2, B0h W1k 147 N TR A 28
H) Nd #E A4 % (F 7R 600 ~ 800Ma, 4~ 1]y 1000Ma, kR
TLAF,2000 ; B 42 55, 2002) i o AN IR AR W B I 2 TN
KH S BYAE, BB EAK( -0.49 ~ -0.30) 5%
HIVR X A 50 2 Sm Nd S AN i, Nd B0 IS = 2
¥ (Jahn et al. , 2000)

6 Wi
6.1 EERE

W 3K ik b DX TN S 5 48 B B A R ST R T 43
REAAHARL, 7R P & EL A AHAL A A SR X, T fig o [l A 0
AR AR BB 77 ) o AE TR 7T 2 Wk Y b 2 1 SR I
WA Rb K SR FHRAICE, T Nb Ta P Ti 555580
K, Bon B A A I FRE ( Kelemen et al. , 2003) , Jf:
W RPISCA AL T ImA S B FAER . TR BEA AN
KAEHEE Ze HE5RZ5 8] Nb Ta, R W ILIE S 7T BEk B H
ST B R T M ST ) R R Y, O 2 B S R AR AN A
KRS CAE A (La Fleche et al. |, 1998 ; FMEA &5 ,2004) .
SIEH MY 5 IRES 581 4 11 %5 A L ( Pearce and Peate, 1995) ,
A ik . DX DR o HAT B 1) Mg® MO (Cr(30. 80 x 10 ™° ~
498.3 x 107%) \Ni(20.33 x107° ~132.1 x 10 %) & &, 25l
FEEELILa (K 7) (Yogodzinski et al. , 1995; Tatsumi,
2001) o JXFREBENAS A 5 0 L R AT AR AE 4 i, 220 A5
F: (1) Z AR & 4 #0858 20 6 /i 1) 7= 49 ( Smithies and

75

® NKE
70

65

IE 2l

II|I[I|II|III||II|[|II|||II1||I||I

) I L I l | T - I | I T I | I (|

2 a4 6 8 10
MgO(%)

40

(=]

P77 ik il XN KA B MgO-Sio, &1 /i (5 151 46
McCarro and Smellie, 1998)

Fig.7 MgO vs. SiO, diagram of diorite of Hadamiao area
(after McCarro and Smellie, 1998)

Champion, 2000; ; Zhao and Zhou, 2007) ; (2) Hi#k F 451k 5
Hi AR S 13 T A ( Smithies et al. , 2007) ; (3) HYFULF Hix
AR A A 55 S RS S BT 1 ( Gao et al. , 2004) 5 (4)
THIE T AR W fl DL B B S 0 0 R 5 H g L s BV T B
(Tatsumi, 2001) . JFoifafF s BT , & 8 N A T8 L3
T B — AR HS IR X, T 22 5 2R IR 3 AR 4 7 SR U 1
AR (P05 ,2013)

T HIAA LB R L AR e SR U AR 2 T ey (2) h
BUELFE 7 U5 DX Hb 5 o8 SR S G 3K i b DX T B
TR ey () HATF =3.92 ~ 1. 03, I, {4/ F 0. 704803
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after Defant and Drummond, 1993) from the Hadamiao area
syn-COLG-syn-collisional  granites; VAG-volcanic arc granites;

ORG-oceanic ridge granites; WPG-within plate granites

~0.707025, 7 IR IEAUETAE T 7S AR E . W 3K
X AL BEA N E 1Y ey (0) fH R T Jahn et al. (1999)
g AR SRl T HSEY eyg (O (B ( —44 ~ -32),
W /INTF ARG b DX AR SR 3 L 0 AR T AR R A 2R ey (0)
(i KT 0, FHE N +2.0, RAEICHF, 1997; JE K T4,
2003) o HOEE L FERE AR A AEAUR T ORI £,
1B, 1 eng (1) PARAERR 1 AR B AE B 5, BT TR0
TERCE AR, MU IR BT AR P SO AR 45 2R GBI 45,
1996 ; JE & #5245 1996 Jahn et al. , 2000; it K 145 2003,
Kovalenko et al. , 2004; Wang et al. , 2004 ; 5k Z< BH4,2010)
M7E—2e A R FE R 40 BE R I Bt e B R 17 ey, (1) DA K
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BB 0o RS, U T 43 1 98 iR 20 e ) o TE A
A REERA EAEMA (Wa et al. , 2000; Chen et al. , 2000;
HE K T4 2003 ; Jahn et al. , 2000, 2004; Kovalenko et al. ,
2004) o PRI, FATIN A A 3 T b DX B PR A S 2 52 A A
F TSR I AR 43 BT LR e R B T 5 A v 32 3
ST SR YL 0740, T 16 b BEAAR AT BEJE IR A K 45 &
igadioh/B

6.2 ItEEHERGEMERAERNIER

Pty T X A7 R AL Ak e, HL Rl S )
AR Bl , b G AR AR Ll g 4 s 5 R R R AR LD -PE ok
fetesem R TR R R ILE & R T =&
(3 #5 A 5@, 1997 5 Robinson et al. , 1999 ; Jiti )% ¥ &5,
2003 ; 44, 2010) , MRS 1L-PURLARAG G5l BT AR R B
O S A A TR R 2 (250145, 2006 5 24
¥4 ,2007 ; Jian et al. , 2010) o &3k i b DX TR KA FIAE 1)
BEEEIE T h &, 7E (Y + Nb) -Rb [l |-, 265 BEA
PIOL T AL b XS (8] 8a) , 7E Y-Sr/Y iR B, IN K
FINIEATEA LI E K (] 8b) o & bk, FATIA
DR UE 3K Jiki L DX A i P R R AR AR T BT I U A AR
HeAfrp B35

7 e

(1) W 3K Jek 1 DX A 5 B2 A A )45 A7 SHRIMP U-Pb
AEWSAY 5k 271 £3Ma f1 267 +3Ma, 2% T rp — &l

(2) W& 35 il b X A8 B B HLA IR Mg” (Ni Al Cr {f, 1
INHE 7R T 8 MgO \Ni Cr %55 BEINH A I RRIE , S BTN
Fr T2 AR PR R TR 28 AR B b i B8 0 44 B TR G A 045 £k I
Fhad i b 3z F) b e P SR YL 7 ), 1T 4E 5 BEE N TN T A
WAL FHIEY . TR R & IR TE M S I X
Az i AR A

Bt PN TARAR R T R e o s Bk LA 5
P 5K AR FE B3 SCFF 85 41 SHRIMP U-Pb 3¢ 4F TAE 4+ 21
T AESUE T HRET RO A T T U 1 3 Bl 5 S Nd
Al 2 3, AL R A 2 SO R 2 25 1 3 By s o [ B
“F e S MR BT ST T R W I 2 5 T B AR AR
2 PRI A A 7 i 8 £ v B
25 T ENER N TAR 15— HF BOAMER AR
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