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Abstract; Xinxian monzogranites are located at the Qinling-Dabie orogenic belt, and a systematic geochemical study can facili-
tate further studies on the Mesozoic tectono-magmatic evolution and the geodynamics background of Qinling-Dabie orogenic
belt. This paper presents geochemistry, zircon U-Pb geochronology, and Hf-isotopic data of the rocks, with the aim of con-
straining their petrogenesis, sources and tectonic implications. The geochemical analysis shows that Xinxian monzogranites are
characterized by SiO, =74. 94% —78.16%, K;O=3. 87% —5. 86%, Na;O=3. 82% —4. 24% ., Al,O; =12.38% —13.57%.,
A/CNK=1.05—1. 11; the rocks are enriched in LREE, depleted HREE and negative Eu anomalies, enriched in Rb, U, Hf,

Y and depleted Ba, Nb, Ta, Ti, which indicates that Xinxian monzogranites are peraluminous, high-K calc-alkaline [ -type
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granite. The three stages yield LA-ICP-MS zircon U-Pb ages 153. 44-1. 1 Ma, 146. 44-1. 6 Ma and 131. 6+ 1. 8 Ma respective-
ly. According to zircon Hf isotope analysis, the en;(z) values of the granite range from —24. 5 to —20. 3, which locates below
the depleted mantle line. The tpwz values range from 2. 68 to 2. 93 Ga, which indicates the monzogranites resulted from the low-
er crust of Yangtze Block. The component of the monzogranite is similar to that of Neoproterozoic TTG magmatic rocks. Xinx-
ian monzogranites were emplaced after the major collisional period of the North China block and Yangtze block, in the post-

collisional tectonic setting under the regional extension mechanism. The geodynamics setting is the transformation of tectonic

regime of the Late Jurassic-Early Cretaceous and large-scale lithosphere delaminating thinning under post stretching mechanism.

Key words: Dabie mountain; Xinxian; monzogranite; petrology; geochemistry; geochronology; Hf isotope.
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Fig. 1 Geological sketch of the Xinxian granitic batholith in Henan Province
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Fig. 2 Petrography of the monzogranite
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Table 2 Major elements (%), trace elements and rare earth elements (10°) composition of Xinxian monzogranite

FEfs X-01 X-02 X-03 X-04 X-05 X-06 FEf S X-01 X-02 X-03 X-04  X-05 X-06
SiO; 78.16  77.32 75.75 75.24 75.62 74.94 Pb 42 40 39 39 25 29
Al O3 12.38 12.38 13.57 13.54 13.33 13.52 Sr 11 11 42 44 49 49
Fe: O3 0.62 0. 66 0.78 0. 95 1.09 1. 06 Zr 112 134 141 120 140 127
MgO 0. 06 0. 05 0.09 0. 10 0. 08 0.11 Hf 5.9 8.0 6.2 4.7 5.0 4.8
CaO 0. 27 0. 24 0. 50 0.58 0. 36 0. 39 Ti 240 180 480 300 540 600
Na; O 3.82 3.94 4. 24 4. 24 3.83 4.07 Y 13.4 16.0 10.1 8.8 12.8 11.7
K,O 4. 16 3.87 4. 50 4. 45 4. 86 4. 65 Nb/Ta 8. 60 8.72  11.89 12.29 12.56 12.16
MnO 0.01 0.01 0. 04 0. 06 0.02 0.02 Zr/Hf 18.98 16.75 22.74 25.53 28.00 26.46
TiO, 0. 04 0.03 0.08 0. 05 0. 09 0. 10 La 8.9 12.1 21. 6 15.4 24. 8 28.5
P> 05 0.006 0.006 0.011 0.010 0.008 0.009 Ce 18.9 26. 1 38.2 26.7 44. 4 51.0
LOI 0. 45 0.54 0. 35 0. 27 0. 55 0. 65 Pr 2.05 2.77 3.53 2.51 4. 67 5.13
Total 99.98 99.05 99.91 99.49 99.84 99.52 Nd 6.1 8.9 10.5 7.4 14.6 15.7
TFeO 0.62 0. 66 0.78 0. 95 1.09 1. 06 Sm 1.23 1.7 1.58 1.08 2.24 2.84
A/CNK 1. 10 1.11 1. 06 1. 05 1. 09 1. 09 Eu 0. 05 0.07 0.17 0. 15 0. 31 0.32
A/NK 1.15 1. 16 1.15 1. 15 1. 15 1.15 Gd 0. 95 1.23 0.93 0.76 1. 67 1. 80
Mg* 16.09 13.05 18.60 17.25 12.69 17.05 Tb 0. 16 0.21 0.17 0.12 0. 28 0. 26
Ry 2874 2872 2478 2460 2530 2459 Dy 1. 21 1.45 0.97 0. 85 1.76 1.77
Ry 276 275 326 335 306 316 Ho 0. 25 0. 33 0. 22 0. 18 0. 36 0. 36
Q 39.43 39.46 32.68 32.20 33.92 32.68 Er 0.93 1.11 0. 88 0.62 1.22 0. 96
An 1. 31 1.17 2.42 2.84 1.75 1. 90 Tm 0.18 0. 20 0.13 0.11 0. 20 0.17
Ab 32.49 33.86 36.05 36.18 32.66 34.85 Yb 1. 54 1.81 1.17 0. 90 1. 35 1. 48
Or 24.71  23.23 26.72 26.52 28.94 27.81 Lu 0.22 0.27 0.18 0.12 0.18 0.16
Rb 393.0 365.0 311.0 307.0 216.0 196.5 >REE 42.67 58.30 80.23 56.90 98.04 110.45
Ba 40 30 120 130 260 250 LREE/HREE 6. 84 7.82 16.25 14.55 12.97 14.87
Th 20 20 30 20 20 20 (La/Yb)n 4. 15 4.80 13.24 12.27 13.18 13.81
18} 10 10 10 10 10 10 OEu=Euw/Eu* 0.14 0.14 0. 39 0.48 0. 47 0. 40
Nb 41. 3 37.5 33.3 25.8 22.6 23.1 Tu 807 824 825 809 826 816
Ta 4.8 4.3 2.8 2.1 1.8 1.9

T ERICE AR V0 SR ICR NN 10705 LOL Rk sk it BN 65 Tz B C s Eu=Eu/Eu* =2Eun/ (Smx—+Gdy) , HoHt N S EioR: 5
AFREIE (B E Sun and Medonough, 1989) ; TFeO=FeO+0. 899 8 X Fe; O3 3 A/CNK = /K Al O3/ (CaO~+Nay O+K;0) ; A/NK=JE /K Al O3/
(Naz O+Kz0) ; Mg# =100 X JEE/R Mg(Mg+TFe2t ) ; AR 48EL 6= (Nay O+Ky0)2 /(S0 —43) ; AR=[ Al O3 +CaO+ (Nay O+K, O) ]/ [ Al O3 +
CaO— (Nay O+K20) J; Ry =B /R [4Si—11(Na+K) —2(Fe+Ti) ]; R, = FE /K (6Ca—+2Mg+ AD ; Tz =12 900/[ 2. 954-0. 85M+1n(496 000/ Zriner) ] —
273.15,M=(Na+K-+2Ca) / (AIXS1) s Zrme M 5L 55+ (Watson and Harrison, 1983).

8192X10°°, Th % 182 X 10 ° ~13 518 X
105, F &R 4 222X 10°, Th/U HIE K
0. 25~1. 84, F-HE K 0. 79, AR T 0. 40,
B A A 45 A FRE (Rubatto and Gebauer,
2000). & 3b~3d Hr, 1 X-01 () 11 44047 85 . X-03
(4 12 A3 H7 sR X-05 19 13 A F3 A a5 45 21 (1 B A0
U-Pb 4 FI4E #4394 131, 6 1. 8 Ma(MSWD=
1.24).146. 44+1. 6 Ma(MSWD=1. 17) fil 153. 4+
1. 1 Ma (MSWD=0. 57) , HAr HIAR R T Hofh — K
AE5 7 R KA B AR — K AR B A R A
AR, JE 40 T 45 (2013) $R A5 B 55 A U-Pb 4E i
(134.3+ 1. 4 Ma) 5 A& K 3 W 1L X & 4F i
(131. 6 1. 8 Ma) 45 0 — 0, Ny [f] — 1. B %5
(2013) 188G U-Pb 4R M 125. 54+1. 5 Ma, &
75 2% B X PN S A7 A 5 M — A O A6 1 A o Ttk —

HAIESE.
4.2 FETEMIKLFHEHE

B EERRE AL EROCR T AR LR 2. 53
Hrdti R R AN BRI BAT AR 194 R £l
SERRAE AR BRI SI0, Na, O fil KO 528,

R TFeO. P05 fil TiO, &5 76K 4a . 4 5
Yk F S 0 &R A AR ALOs FE Ol
12.38%~13. 57%., &1 1t 148 £ A/CNK fH Ny
1. 05~1. 11, 7] 4b ik Tk 48 it X Ik, 5 A SIO;
GEN T4 94% ~78. 16%., - H{H Ky 76, 17%,
Na,O & 3. 82% ~4. 24% , S {H Ky 4. 02%,
K,O &8 3. 87% ~5. 86%, F-¥{H 2 4. 42%,
TFeO &0 0. 62% ~1. 09%, F-H{H K 0. 86%.,
P,O; &% & N 0. 006% ~ 0. 010%, F ¥ {H K
0.008%,TiO, &~ 0. 03% ~0. 10%, FH{E K
0.07%. 7EE 5 H1. 3 AR A Y A A B I 8] By
B, SI0, & RSt B, TFO 5 SiO, RIEAH
3‘&3\%% »Na, O, CaO ﬂt‘ﬂ P, 0O; 5 Si0, ﬁ'*ﬁﬂ‘éﬂé?ﬂ?
K, AlLO;, TiO, \MgO #l K,O 5 SiO, I 5 3
TR SR G OC B L R IR AR A 1% 22
iOp gl =N
4.3 RHEHITHEHIKL T

BB RGE R OCR O R R 2 B AR
ANFIAUCE R e T R BRI AR R TR, 5 AR
FItE S E 2 REE=42. 67 X10 % ~110. 45X 10°°,
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Fig. 6 PM-normalised trace element spider diagram (a) and chondrite-normalised REE pattern (b) of the Xinxian monzogranite
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Table 3 Zircon Hf isotope compositions of Xinxian monzogranite

WA ((Ma)  SYL/THf  VSLy/TH  VSH/17THS 2% en () mw(Ma) o (Ma)
X-01-01 130 0. 089 913 0. 002 230 0. 282019 0. 000 014 —24.0 1793 2790
X-01-02 132 0. 050 669 0. 001 201 0. 282 002 0. 000 019 —24.5 1768 2 876
X-01-03 131 0. 069 408 0. 001 663 0. 282 044 0. 000 016 —23.0 1731 2915
X-01-06 138 0. 157 415 0. 003 910 0. 282022 0. 000 018 —23.9 1874 2824
X-01-07 128 0.071 049 0. 001 659 0. 282089 0. 000 018 —21.5 1666 2877
X-01-08 136 0. 057 694 0.001 426 0. 282 082 0. 000 016 —21.6 1666 2722
X-01-09 130 0.121 267 0. 003 078 0.282026  0.000016  —23.8 1825 2745
X-01-10 133 0.121524 0. 003 062 0.282062  0.000015 ~ —22.5 1771 2861
X-01-11 131 0. 105 876 0. 002 557 0. 282077 0. 000 014 —21.9 1725 2785
X01-12 129 0.045 616 0. 001 050 0.282049  0.000016  —22.8 1695 2751
X-01-14 136 0. 124 686 0. 003 099 0. 282017 0. 000 015 —24.0 1839 2 810
X-03-01 144 0.117 658 0.004 171 0. 282017 0. 000 020 —23.9 1895 2 886
X-03-02 143 0. 068 153 0.002 372 0. 282 067 0. 000 014 —22.0 1731 2 894
X-03-03 145 0. 074 545 0. 002 578 0. 282037 0. 000016 —23.1 1783 2786
X-03-04 135 0. 086 447 0. 002 916 0. 282 067 0. 000016 —22.2 1757 2851
X-03-06 147 0. 049 355 0. 001 761 0. 282 055 0. 000 020 —22.3 1719 2777
X-03-07 146 0. 080 706 0. 002 782 0. 282 004 0. 000 016 —24.2 1842 2814
X-03-08 144 0. 084 147 0.002 919 0. 282 050 0. 000 016 —22.7 1781 2925
X-03-10 134 0.097 889 0. 003 540 0. 282 040 0. 000 021 —23.3 1828 2822
X-03-12 137 0.077 212 0. 002 664 0. 282 036 0. 000 019 —23.3 1790 2835
X-0313 148 0. 097 509 0. 003 229 0.282090  0.000019  —21.2 1737 2847
X-03-14 143 0. 055 312 0. 001 808 0. 282 061 0. 000 015 —22.2 1713 2738
X-03-15 140 0. 065 349 0. 002 206 0. 282027 0. 000016 —23.5 1780 2798
X-05-01 153 0. 137 905 0. 004 453 0. 282 093 0. 000 015 —21.1 1795 2 869
X-05-02 152 0. 024 449 0. 000 956 0. 282 063 0. 000 006 —21.8 1671 2737
X-05-03 155 0.084 474 0. 002 964 0. 282 059 0. 000016 —22.1 1770 2802
X-05-04 152 0.077 676 0. 002 707 0. 282070 0. 000 019 —21.8 1742 2813
X-05-05 154 0.051 021 0.001 713 0.282071  0.000016  —20.3 1839 2787
X-05-07 152 0. 077 947 0. 002 638 0. 282 067 0. 000 038 —21.9 1744 2682
X-05-08 155 0.173 258 0. 005 759 0. 282062 0. 000 019 —22.3 1914 2795
X-05-09 154 0. 144 987 0. 004 498 0. 282 045 0. 000 014 —22.8 1870 2807
X-05-10 155 0. 166 763 0. 005 287 0. 282073 0. 000 017 —21.9 1871 2843
X-05-11 152 0.152 313 0. 004 866 0.282109 0000016  —20.6 1792 2784
X-05-12 153 0. 015 606 0. 000 507 0. 282 066 0. 000019 —21.7 1648 2702
X-05-13 155 0. 134 066 0. 004 520 0. 282062 0. 000 016 —22.2 1847 2797
X-05-14 152 0.137 464 0. 004 262 0. 282 063 0. 000016 —22.2 1831 2 808
Y renr (1) = 10 000X { L7 HI/7HD ,— (76 Lu/M HD , X (e — D J/L 0 HE/ HD epor o — (7 Lu/17 HDerog X (¥ — 1] — 1}

tov1 =1/3X In{ 1+ [(178 H{/Y7T HE — (76 HE/YT HD pw 1/LC7 Lo/ HD o — (7 Lo/ HDpw 45 tome = 1/AX In{ 1+ LA HI/YTHD, —

CHE/Y"HD pw /LT Lu/YTHD c— (78 Lu/Y" HODpm |} 425 Q7 HE/Y7THE o F A7 Lu/Y7 HE o S #5055
(TSHE/YTHD pv=0. 283 25, (Y6 Lu/Y"HI) pm=0. 038 4(Rubatto and Gebauer, 2000); A=1. 867 X
Ff ], B4l Ma.

0.282772, (MLu/Y"Hf)cpur=0. 033 2,
1071 /a (Griffin et al. ,» 2000);

TR 10 43 SRR R O
[t S, 0Eu=0. 14 ~0. 48, [FlRE , 16 5 2 M\ - 4]
FIMHH , Eu (9670 50 RIS OB IH . S 1 11
FNE 3 W1, HA W AR e AR A ARAIE , R R U5
FHRABE AL R

4 SrEE N 11 X106 ~49 X 1078, L (E K
34.33X10°%,Y -l 8. 8X10 ~16.0X10 ¢,

AOFERE TR Eu

(TS Lu/YTHD . =0. 015; ¢ R854 45 5

(76 HE/Y HE) caur, 0 =

IR 12.13X107°, Yb & &4 0. 90 X107 °~1. 81X
107°, SEI{E o 1. 38107, s HIE Sr ik Yb 434E.
AR TR AR HIE FRIfEAL o A B R B R A
A E 4 Rb, UK. Pb Al Hf, 51 Ba,Nb, Ta . P #il Ti.
4.4 $FH HI RS

i HE [F AR s R 03k 3. 85 A7 Lu/
"TH{=0. 000 507~0. 005 759, SF-FJ{H 7 0. 002 861,
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FA1E

FWEE AT B LA AR /D B S R ) HE Rt
FTARAS B Lo/ HE FAE AT DR R 85 A 8 B B
(197 Lu/" HE FAB (Wu et al. s 2007). £ X-01
3K 11 A &L Lu/'7 HE = 0. 001 201 ~
0.003 91, Hf/" Hf = 0. 282 002 ~ 0. 282 089,
ent () =—24.5~—21. 5, tp\m =2 722~2 915 Ma;
FE i X-03 20 X 12 A4S AL Lo/ HE =
0. 001 761~0. 004 171, Hf/""" Hf = 0. 282 004 ~
0. 282 090 ey (1) = —24. 2~—21. 2,11y, =2 738~
2 925 Ma; By X-05 3R 13 4~ 45,7 Lu/ Hi=
0. 000 507 ~0. 005 759, Hf/'"" Hf = 0. 282 045~
0.282 109, e (1) = —22.8~—20. 3, tppp =2 682~
2 869 Ma.

5 hie

5.1 BR%ER

B A RR AT R KA R R SR S
PRESIRE TR AE A BR T TFeO LIS, SIO, 5
Hih ERIUEHNE—EREMAMERLR. HER- 7
o A RRE R VR T T RIAE B A X k. Bl T RE AR X-06
HhCEARRRATEE A/CNK EHE/NF 1.1, RBA
TREA | FIAE R A R CRAE TS, 2007) , [F] I 7
E 5, P,0; 5 SiO, BRI FR s SR T
RIAE 5 7 T8 Ak 8 ¥4 47 (Chappell, 1999; Wu ez
al., 2003;L1etal., 2007 ).

EHEM A T RICEM Zr &R AR S B
AV I B A 155 (807 ~826 °C 332 2) , i T-ok L4k 7K
BT DM B I 2 A 3 R X i ey 2 ) e 1K

Q

A AR K AE
Wbk KAE R
@ IR KKK

K7 #EZRKIEKE QAP EfE
Fig. 7 Q-A-P diagram of the Xinxian monzogranite
Q. AT A TR A P, #BHE A 3 Bowden and Kinnaird(1984)

JE B BE AR T RN P (E A 818 C Lo il
PEB S (RARITTEE, 20075 FE IR RORTR R4, 2011).
TEFE] 8a w1 BT EL A ARE S 75 T i 0 S AL B o X
S [RTREFE ] 8b HR L RE 9 T o o0 S B B B R
DX T3 AT B R AR A S WK B BT
WL AT G R A, 25 b ik B EL o A
J& o5 T RIAE A,
5.2 =AME

AR EA KA Se.Yb F1 HREE 54 . Sr
RN 11 X10 ¢ ~49X 10 %, SF-¥{H N 34. 33 X
10°%, Yb&H K 0.90X10 ~1.81X10 °,F-H{H
H1.38X107°,Y & &K 8.8X107°~16.0X10"°,
SEHIE N 12, 13 X 1079, HREE & & f 3. 66 X
10 5~7.02X10 ¢, F¥{H M 5. 72X 10 ¢, HREE
Y TR W IR AT REA A1 IR T A9 AR B (Xiong
etal. , 2005), %E/E\-ﬁﬂi Sr {EE Yb q%ﬁE( 9.
Martin ez al. (2005) 4§ H AL BT AR K Sr & 2 5%
FlJRIX Y Sr & i DL A Rl A R ARAT ¢, H R 22 5k
B AR P RS A . BT B R R AR 3T ALFN S,
AW R AY 7 Eu 58, BT B AH TP e REA
PR RH A A - B il S 98 20 AL Ca Al S
RHCAT 53 B 25 S Ll Sr 5 SRR AIG B A A
Ca Z b, Sr & 23U B IR (Ajaji ez al.
1998)  fEIE 10 T E — RAE R a iR S BE 122 1k
R T AR sGE frh & 0 TR a MBHC A R4
St I E AR B RO AL Sr 4RAIE , RIIRHC
AR S E AR B A 2 — LIS ) Sr 5 i
R BT EEAR A B H RUIBHC A 20 T 45 d o
St

FERG A Y &5 S IS B
T B R B R A R e B AR 2 A 0% AE R o TP e
AN Yb 00 WA M N A AR A DL e —SE R
Yy, X 61 ) B B4 73 B A SRS IR A Y YD
i SR B A XS AR R e Y b AR ) AR R U L G
&,2006; 5K AIAE, 2014). TR EAE K A T B Yb,
P2 N £ 8 A A I A 2 R BUE R A REE
SR ZN TS B E A WA, R SR (2013) A i Bl
PRI T3k B AR B AR RHC A A I T i R
IR Rl A 3K . R BH (2014) X TR wh 6 i 5 00 1T
T KRB BA S SR A Yb, DU (La/
Yb)w FCE A HFAE » 156 I 2 IR DX 5% B A
AR IO TR AL b H IR X LA R A £
TR, P REAFTE /D B A A Bk B e X ko
FERG A RIS SE 0 HURHE S T8 w48 4 5 [7)
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Fig. 8 (Na,O+K,0)/CaO—Zr+Nb+Ce+Y and (Al,O; +Ca0)/(Na, O+ K, O+ TFeO) — 100 X (TFeO+ MgO+Ti0, )/
Si0O, relations
& a 4} Whalen ez al. (1987), & b 4 Sylvester(1989)
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Eg f&SrnY bl o
A= A At <
Z 10 = 400
S 7 oy
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Fig. 9 REE pattern (a) and Sr-Yb relation (b) for the Xinxian monzogranite
Pt TR S (2006)
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Fig. 10 Ba-Sr and Rb-Sr relations for the Xinxian monzogranite
PIANS0. #HE AT (An=50) ; PIAn15. #HE A (An=15); Kfs, 81 K 47 ; Bt. BB =6 Ms. H = B Grt. 48141 s Amp. [N 473 #% Janousek et al.
(2004)
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FA1E

FERA T HEM A Yb BYRRAE . ELTR8 vh 78 b
L Sl A E R N VAR TR = Sy N U BN S N i 8= =y
PRI AU T 5k B A B SR ARHS A A iR A A TN A Y
PRI R

BRI RS9 Nb/Ta FefE g 8. 60~12. 56,
Zr/HI HAB M 16. 75~28. 005 Nb/Ta HAE I T Hu b
FHIE (60, EINHEGE T Hb5E P E (10D, Ze/HI 1
(B [RIREARR T i 12 15 (34 ~ 60) T 45 495 30T i 7% “F- B
(35. 5; Wedepohl, 1995), % 1A 7 L A& & 1] HE >k I
TR HuFE T S0 Ha .

5.3 #REX

B Lu-HI W47 3R B8 1% A 20 48 78 5 9% A
LR R X 1 5 (Blichert and Albarede, 1997), %
o b 058 DX B B vy 19O HLE/TT HLE B 5 i K il
705 T B AR L, BA SRRy HE/THE
enr (D) {H (Patchett ez al. , 1982).

R TR A A en (0 BA UM UE
(—24.5~—20.3) ytppe =2. 68~2. 93 Ga, i T 5
e ALk 2 N (B 1), T AR FEORE T
EH S T TR N 3 LT R R T e B AR
FELEAEACY T, BT AAFAE S B AR A7 5 I R
T3 LLVHE 4 3t 78 ) 5 32 2Ok B 4 1 B (Zheng e
al. s 2003; Zhao et al. ., 2007; Zheng and Zhang
2007 ;Zhao and Zheng, 2009).

W Fdb g TTG RUA 3R IR A ool
=K 7Y i (Zhang et al. , 2008,
2009) , H: Hf — B 4ER N 2. 07~2. 79 Ga, i
BB TRKAE K A HE Z B Bl 2. 68~
2. 93 Ga, P HEA — B 7EREAS O3 L7 /Y 14 1
MR AR LA A Y e (1) = — 30~
—15, 10 =1. 9~3. 0 Ga(£Lif 425, 2008) , H HL7E

0‘2»
KL AT

eni(?)

0 1 000 2 000 3000
(Ma)

B 11 iR RIEREE A en (D1 KR

Fig. 11 Relation of Zircon ey (¢) and t for the Xinxian

monzogranite

B AR Y e (£) = — 24, 5~ —20. 34 i = 2. 68~
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