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Fig. 1

Sketch map showing the distribution of Late Mesozoic intrusions and fault-bounded volcano-sedimentary

basins along the middle and lower reaches of the Yangtze River (a) and geological map of southeastern Hubei Province

with the distribution of magmatic rocks (b, after Shu Quan'an et al. , 1992)
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Fig. 3 Photomicrographs of the Yinzu pluton
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Fig. 4 Cathodoluminescence (CL) images of representative zircons from the Yinzu pluton (solid-line circles represent

analytical points of U-Pb isotope, broken circles represent Lu-Hf analytical points)
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Fig.5 Zircon U-Pb age concordiadiagram of the Yinzu pluton
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Table 2 Zircon Lu-Hf isotopic compositions of the Yinzu pluton
i K& . ~ - ~ - ooyl Tom X Tome
TSHE/TTHE  +26  |VSLu/'"Hf| £26 |°Yb/'"Hf +£26 |en(0) enr () | +26 + 26| fLuut +26
RS (Ma) (Ma) (Ma)
Dy319
Dy319-01| 0.282194 |0.000032| 0.001393 |0.000006| 0.033191 [0.000155|—20.4| 151 |—17.27| 1.1 | 1509 | 90 |—0.96| 2289 | 142
Dy319-02| 0.282095 |0.000033| 0.001472 |0.000008| 0.037724 |0.000203|—23.9| 151 |—20.78| 1.2 | 1651 | 93 |—0.96| 2509 | 146
Dy319-03| 0.282242 |0.000037| 0.000954 [0.000013| 0.024081 |0.000345|—18.7| 151 |—15.53| 1.3 | 1424 | 103 |—0.97| 2180 | 164
Dy319-04| 0.282124 |0.000033| 0.001110 |0.000003| 0.027723 [0.000084|—22.9| 151 |—19.72| 1.2 | 1595 | 92 |—0.97| 2442 | 146
Dy319-05| 0.282127 |0.000027| 0.001514 |0.000008| 0.036836 |0.000139|—22.8| 151 |—19.66| 1.0 | 1608 | 76 |—0.95] 2438 | 120
Dy319-06| 0.281989 |0.000039| 0.001935 |0.000013| 0.048842 |0.000331|—27.7| 151 |—24.58| 1.4 | 1823 | 111 |—0.94| 2745 | 172
Dy319-07| 0.282216 |0.000037| 0.001093 |0.000006| 0.025721 |0.000145|—19.7| 151 |—16.47| 1.3 | 1466 | 103 |—0.97| 2238 | 164
Dy319-08| 0.282251 |0.000028| 0.001040 |0.000004| 0.026097 [0.000116|—18.4| 151 |—15.22| 1.0 | 1415 | 78 |—0.97| 2160 | 124
Dy319-09| 0.282173 |0.000027| 0.001262 |0.000003| 0.031980 |0.000074|—21.2| 151 |—18.00] 1.0 | 1533 | 76 |—0.96| 2335 | 120
Dy319-10| 0. 282247 |0.000027| 0.001372 |0.000008| 0.032706 [0.000190|—18.6| 151 |—15.40| 1.0 | 1433 | 76 |—0.96| 2171 | 120

Dy352

1103 | 19 |—0.98| 1683 | 31
1209 | 34 |—0.97| 1843 | 54

(=)

Dy352-10] 0.282465 |0.000007 | 0.000642 |0.000001| 0.013074 |0.
Dy352-11]| 0. 282394 |0.000012| 0.000864 |0.000003| 0.018145 |0.000051|—13.

Dy352-1 | 0.282441 |0.000009| 0.000737 |0.000002| 0.015673 |0.000046|—11.7| 148 | —8.54| 0.3 | 1140 | 25 |—0.98| 1737 | 40
Dy352-2 | 0.282496 [0.000010| 0.000946 |0.000002| 0.020216 |0.000040| —9.8 | 148 | —6.61] 0.4 | 1069 | 28 |—0.97| 1615 | 45
Dy352-4 | 0.282649 |0.000010| 0.000505 |0.000002| 0.010488 |0.000041| —4.3 | 148 | —1.15| 0.4 | 844 | 28 |—0.98| 1270 | 45
Dy352-5 | 0.282529 |0.000016| 0.000884 |0.000003| 0.018605 |0.000049| —8.6 | 148 | —5.44| 0.6 | 1021 | 45 |—0.97| 1541 | 72
Dy352-6 | 0.282395 |0.000009| 0.000721 |0.000002| 0.015457 |0.000040|—13.3| 148 |—10.16{ 0.3 | 1203 | 25 |—0.98| 1840 | 40
Dy352-7 | 0.282465 |0.000010| 0.000862 |0.000002| 0.018445 |0.000038|—10.9| 148 | —7.70] 0.4 | 1110 | 28 |—0.97| 1684 | 45
Dy352-8 | 0.282458 |0.000014| 0.000579 |0.000002| 0.011998 |0.000048|—11. 148 | —7.92]0.5| 1111 | 39 |—0.98] 1698 | 63
Dy352-9 | 0.282419 [0.000012| 0.000611 |0.000001| 0.012972 |0.000031|—12. 148 | —9.30] 0.4 | 1166 | 33 |—0.98| 1785 | 54

2

4

1
5

000032 —10.9| 148 | —7.68] 0.
4] 148 |—10.21| 0.
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Fig. 6 Histograms of zircon ey (¢) and Hf isotopic model age for Yinzu pluton
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F3 BHEFEEXTE(N)RHMETE (X107 )FHER
Table 3 Major (%) and trace elemental abundances ( X 107°) of the Yinzu pluton
(TR DY303 DY304 DY305-1 DY305-2 Dy352 DY301 DY302 Dy319
HEAXM | AKENKE | ARNKES | BRNKEEE | ARNKSE ARNKES KA REMRKE | BsANERE
SiO; 62.13 63. 39 64. 8 65 65.01 55. 84 51.15 54. 67
TiO, 0.61 0.63 0.54 0.52 0.55 0. 95 1. 26 1.05
Al O 16. 34 15.95 16.12 16.12 16. 17 16.63 16. 16 16.19
Fe; O3 1. 83 2.89 2.17 2.21 2.88 2.97 4.23 2.97
FeO 3.03 2.58 2.22 2.13 1.77 3.03 6.35 5.77
MnO 0.1 0.14 0.11 0.13 0.1 0.11 0.23 0.18
MgO 2.68 2.09 1.57 1. 42 1.55 3.59 4.73 3. 84
CaO 4. 94 4. 69 4.59 5 4.75 6.97 9. 36 6.95
Na, O 3.81 3. 44 3.37 3.17 3.79 3.27 2.53 3.54
K;O 2.67 2.61 3.27 2.74 2.36 2.68 2.47 2.66
P,0s 0.25 0. 27 0.23 0. 24 0.22 0.48 0. 46 0.45
JOPR 1. 06 0.78 0.42 0.82 0.41 2.82 0.14 1.12
B 99. 45 99. 46 99. 41 99.5 99. 56 99. 35 99. 07 99. 39
K;0O/Na; O 0.7 0.76 0.97 0. 86 0.62 0.82 0.98 0.75
Mg* 51 42 40 38 39 53 45 45
La 26.3 30.1 25.5 32.2 35.28 36. 3 26.8 30. 4
Ce 51 59.4 54.3 64. 4 62.32 72.1 56. 1 60. 4
Pr 5.91 6.98 6.55 7.54 7.57 8.75 6. 94 8
Nd 22.2 26.5 25.2 28.9 28.76 34.1 29.2 32.2
Sm 4.13 4. 84 4.57 5.26 5.11 6.3 6.19 6
Eu 1. 24 1. 38 1.35 1.52 1. 45 1.97 1. 82 1.63
Gd 3.5 4.1 3.85 4. 44 4.3 5.69 5.61 5.79
Thb 0. 50 0.59 0. 56 0. 66 0.59 0.82 0. 88 0. 83
Dy 2.69 3.13 2.96 3.35 2.98 4.5 4. 96 4.53
Ho 0.48 0.56 0.53 0.59 0.56 0. 80 0.92 0.82
Er 1.35 1.62 1.48 1.7 1.5 2.26 2.67 2.33
Tm 0.19 0.23 0.21 0.24 0.22 0. 31 0. 36 0. 35
Yb 1.2 1.51 1. 38 1.55 1.35 2.07 2.42 2.19
Lu 0.17 0.21 0.20 0.22 0.2 0. 30 0.33 0. 36
Y 12.8 15.4 14.3 16. 8 14.72 22.2 24.3 21.4
Ba 776 770 1396 740 765.4 778 794 1034
Rb 82.4 73.7 78.6 78.7 70.09 69. 6 79.3 84.1
Th 5. 88 7.12 5.43 6.6 6.19 7.28 5.7 6.47
18] 1. 83 1.85 1.49 1.65 1.25 2.31 1.1 1. 44
Ta 0.98 1.02 1.08 1.08 0. 85 0.75 0.95 0.83
Nb 11.6 11.8 12 12.5 11. 38 10.5 10.9 10.7
Sr 694 637 629 632 665.7 634 572 674
Hf 4.73 4.8 4.48 5.28 9.9 4.72 3.96 4. 66
Zr 142 144 134 158 153.5 142 119 140
Be 2.09 1. 85 1.87 1.71 1.58 2.39 1.7 1. 64
Ga 21.4 20.7 21.1 22 19.79 20.2 22.4 22.8
Cs 2.19 1. 37 1. 36 1.44 1.48 2.23 3.69 4
\ 102 107 76.8 60. 1 72.25 155 281 195
Sc 10.9 10.3 8.24 7.79 8.05 22.4 29.5 21.7
Cr 44. 8 30.2 28.8 30. 4 16. 56 39.7 32.8 29.5
Ni 15.2 7.69 5.53 7.77 4.91 17.9 12 8. 66
Co 15.7 12.3 9.68 8.13 9.59 30.5 33.8 25.7
w 0.52 0. 37 0.3 0. 37 0.13 8.19 1.23 0.98
Sn 1.01 1.53 1.33 1.55 1.55 2.03 1.51 1. 69
Mo 0.61 0.38 0.43 0.41 0.38 1.05 0.77 1.61
Cu 36.5 11.9 10. 2 11.2 9.93 175 63.2 35.3
Pb 11.3 12.9 12.2 10.5 9.18 8. 47 13.7 15
Zn 50.5 68. 6 56. 7 56. 6 44. 4 39.7 109 99. 3
Ag 0.03 0.03 0.03 0.04 0.03 0. 06 0.07 0. 06
Au 0.5 0.3 0.3 0.3 0.3 1.1 0.8 1.7
Sr/Y 54 41 44 38 45 29 24 31
La/Yb 22 20 18 21 26 18 11 14
Eu/Eu” 0.97 0.92 0.96 0.94 0.92 0.99 0.93 0. 84
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Fig. 7 Primitive mantle normalized trace elements (a) (after McDonough and Sun, 1995) and

chondrite normalized REE (b) (after Boynton, 1984) patterns of the Yinzu pluton
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x4 EESEF Rb-Sr.Sm-Nd F{L Z 3 &R
Table 4 Rb-Sr and Sm-Nd isotopic compositions of the Yinzu pluton
Rb Sr : . . Sm Nd : ) Tom |[T2om
S FEEL 4 B | ¥"Rb/® Sr| 87 Sr/0 Sr (87 Sr/%0 Sr); M7 Sm /M Nd | 1 Nd /" Nd | ena (1)
(X1079)|(X1075) (X1075H)(X107%) (Ma) |(Ma)
Dy303 AN 81.7 735.6 | 0.3202 | 0.70752 | 0.70685 | 4.203 | 22.58 0.1126 0.51216 | —7.7| 1493 |1569
Dy304 AN A 77.25 657. 4 0.3388 | 0.70709 | 0.70638 4.992 27.05 0.1117 0.512249 —6 | 1348 |1426
Dy305-1| fEEIAKBES | 77.9 | 661.5 | 0.3395 | 0.70774 | 0.70703 | 4.705 | 25.75 0.1105 0.512183 | —7.3] 1429 |1529
Dy305-2 AN K A 76. 68 656. 7 0. 3367 0. 7079 0.70719 5. 148 27.69 0.1125 0.512205 | —6.9| 1424 1497
Dy319 | B AffNERK A | 88.06 705.8 0. 3597 0.70819 0.70742 6.151 31.11 0.1196 0.512136 | —8.3| 1642 1617
DY352 PEE AR 93. 83 682. 8 0.3962 | 0.70728 | 0.70645 4.946 26.75 0.1119 0.512148 —8 | 1501 |1587

2013a) R & FRYNRL N K A (148 3 Ma, K& £
FERD FHE A KA (149 1 Ma, K & FHRED
FINAE K INK B A (14541 Ma, Xia Jinlong et al. ,
2013b), Z¢ B3R WIAEZ) 150 Ma B #, 96 7R B #b X
FEAE— WA 8. A2 WF 98 3 WL 50 4R R b IX 11
IS S TE R A RN IR B 04 (140 Ma £ A7)
B ] (130 Ma 28 45) 5 3 4 AT 31 B

W . AT RA IR T XM E A KA g
FEEPSHIE 145~136 Ma,135~127 Ma F1 126
~123 Ma % 3 4~ B ] (Mao Jingwen et al. , 2004;
Wang Yanbin et al., 2004; Zhou Taofa et al. .
2007, 2008, 2010; Fan Yu et al., 2008; Li
Jianwei et al. , 2008, 2009; Zhou Taofa et al.,
2008; Jiang Shaoyong et al. , 2010)., 7KW 3% 45
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SRR SR X5 AL R i b X P AR A
BN ~150 Ma I B & TF 1A
4.2 AXAKERE

B A R0 FR A A NK S BB W
SiO; VAL Oy \Ba.Sr & BARE Y. Yb & & DL KA
Y Sr/Y La/Yb WAE . H 58 73 5+ 1) REE fC 45 2
AL ZWIR A Eu 5% . Nb . Ta P . Ti B3 5.
5 YR R Ba, Sr fE b KRR AL, FAT. G
55 Ba-Sr {8 K 38 19 B R I A7 7E 4380 2452
JUFPIE B 32 240 45 - O 5 ¥ I e J5t B 7 & 9K
(AR h A R A DG 35K 58 45 (Defant et al. , 1990,
1993) 5 @5 52 B it Pl e ik I £k Ui A 52 XA S A el 3
s ) 38 4 45 B A 5% (Green and Wallace, 1988;
Tonov et al. , 1993; Rudnick et al. , 1993; Tarney
and Jones,1994; Fowler et al. , 2008);QH BEE &
A7 L 3 088 7 A Y DR IR T S 9K 0 B 4 A T R B
DEREFEIRYLAE A E B (Ye Haimin et al. , 2008);
@5 & 4 Ba,Sr By R M A A IS R AE A G, dnm
LG HE WA K A (Petford et al. , 1996) ; ® 842k i
T Hh 5T 5B 4 ks w09 77 4 (Harmon et al. , 1984;
Choi et al. , 2009) ; © 1% J5 51 4 3% 5 7 IR R M
WIRE T AL (Fowler et al., 1996; 2008; Ajaji et
al. » 1998; Qian Qing et al. , 2002; Zhang Huafeng
etal., 2006), MIE 10 KRG, Fr A+ dh 24 & 2k
HeF), Hoata 7 EMI e, B A 5] 5 i i 5 s 4r
UL H 7T B KR 35 578 25 (Wang Qiang et al. ,
2007; Huang Fang et al. , 2008; Ling Mingxing et
al., 2011) . [R, AR X T AL O, & &, B A 2%
NE AT K,O/Na, O H{H B4 £F 0. 62~0. 98
Z ) 246 0. 81, o WY AR T R S 1y iy fin )5
T b7 IR K (K, O/Na, O=0. 83~1. 62; -1
{H} 1.02;Wang Qiang et al. , 2007; Huang Fang
et al., 2008), LAk #AKA Nb/La HfH (Nb/La=
0.32~0.47; FH#E A 4G Nb/La= ~0. 6,Sun and
McDonough, 1989) . W B ATTA AT B8 B th B 2k 5
T H e BT b PR AR R AR 23 4 iR A (Martin,
1999; Rapp et al. , 1999; Condie, 2005), Mg® {H
e HI W2 T AFAEHUMAE TR — DR AR AR . A
FlRE B ey, % BT R M e Rl B IR Mg (<
0. )4 1F (Rapp and Watson, 1995), 1% 3 iR,
A YN G FE S Y Me™ (3 R FEUEIE T 0.4, %
I HEY R 25, EER NPT R EFRE
AR ER i DX A ACE SRAE FTIE I T AR 2 Ba,Sr {6
<A an A du R B iy R I8 b X (Qian Qing et al. ,

10
5
0
-5 KA H b X
R SR A
_-10} T
< f e
st HEHEF
20 F “a EMII
25k
EM I =
ol BT R
235 PRI A L
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Bl 10 AL AR (7 Sr/% Sr)iena (O
Fig. 10 (¥’ Sr/% Sr);-ena (1) diagram of Yinzu pluton

DMM-— % 451 My 8 8 56; EMC 1, 11)—& £ i o0 (5] A
Zindler and Hart, 1986) ; &KL T it X . 1 L 20 KM 5 5 B
Yan Jun et al. (2008); L Hb5¢ 5] B Taylor and McLennan
(1985) ;475 FH5E5] H Jahn et al. (1999)

DMM—Depleted Mantle Member; EM ( [, Il )—Enriched
Mantle Cafter Zindler and Hart, 1986); the field of Early
Cretaceous basic rocks from the Middle-Lower Yangtze River
cited from Yan Jun et al. (2008); the field of the upper crust
cited from Taylor and McLennan(1985) ; the field of the Yangtze

lower crust cited from Jahn et al. (1999)

2002) K471l (Chen Bin et al. , 2002) LA &% K $11li
HiX. (Ma Changgian et al., 1998; Chen et al.,
2001) . JE&5LATE R Ba-Sr 48 b A 1Y LR AF 58 MOR
IZRAE B 1 2 R PR 38 5 s B A A )
0 L R BR R

W 10 Fros » BOH A7 S I e B RE il 4 7 1
VLR 9 3 XL 2 i PR S 7Y Se-Nd R 7 3R
HIRERE N . o Ca BRI en (OB (— 1. 14~
—10. 20) G5 KT R b X E S i A T K
R s AR R e 1 B[R] AL 3R 48 Cene (0
=—8.9~—1.3;Yan Jun et al. , 2008; Yuan Feng
et al. » 2008; Hou Kejun and Yuan Shunda, 2010)
el TE en (Ot RRBEE 1D b B A BEINK
B EESATE 1.8 Ga M52 AL 2 5 BORL B A1 Z [A]
70 . BAULHT N B BT, T b T i b X rp AR
PREEE S R L E Y 20k BT & 4 A Bl b g
XK. B, B A AR AR R A T 5 Z AW
WA R X, Andersson et al. (2006) 3@ 13 X 25 %
S S 3 X — SE A PR A IF ST 4 HR R T DR S 56 AL
%% (Ionov, 1998; Blundy and Dalton, 2000) & Ba.
Sr DL K vy 52 i - F ke 0 i R R 170 B R RRAIE L
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Fig. 11  Zircon Hf isotopic composition of Yinzu pluton
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“EEARON” A A AR R A A — B T
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TEAL S Tl A8 3o A8 b s 6 M G HE ST R R R ik
(Bayon et al. » 20065 van de Flierdt et al. , 2007;
Bayon et al. , 2009; Godfrey et al. , 2009; Chen et
al. » 2011; Vervoort et al. s 2011; Rickli et al.,
2013) . oAb, LA — 22z F Ny Nd-HI i i %
J2 i v 7K FBR R B Rl o8 51 R 1Y (Pettke et al.
2002; Rickli et al. , 2010) 5§ &1\ Nd-Hf f##51X
o1 LB ER AR 1 U Ay B TR I S - A Bk
R L (N PN G e R P o
(Blichert-Toft et al. , 1999; Walter et al. , 2004;
Caro et al. , 2005; Corgne et al. , 2005; Labrosse
et al. . 2007), 15 [E 4w 3 X . 47 7 Bl Bk 2K B &
i 5¢ /e B o il AAAE G A KA (Wu Fuyuan et al.
2006; Zheng Yongfei et al. , 2007, 2008) LW #Hi oG
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EI S #1521 4E 1 4 (Zhong Yufang et al. , 2011)
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Petrogenesis and Implications of the Yinzu Pluton in Southeast Hubei Province:
Evidence from Geochronology, Geochemistry, and Sr-Nd-Hf Isotopes

DING Lixue?, HUANG Guicheng" ? , XIA Jinlong"
1) Wuhan Center of China Geological Survey, Wuhan, 430205;

2) Research Center for Petrogenesis and Metallogeny of Granitic Rocks, China Geological Survey, Wuhan , 430205
Abstract

The Yinzu pluton, one of the six large intrusions in southeastern Hubei Province, is the only barren
large intrusion in the region. LA-ICPMS zircon U-Pb dating results show that the Yinzu pluton
experienced at least two episodes of magmatism. The pluton is composed mainly of quartz diorites and was
emplaced in 148 &1 Ma, with the early biotite hornblende gabbro emplaced at 151 =1 Ma. The study
indicates that the Mesozoic magmatic activities in southeastern Hubei Province and even the Middle and
Lower Yangtze River began in ca. 150Ma. Based on their contact relation in the field and element chemical
characteristics, the rock types of the Yinzu pluton can be divided into two groups. The first is diorite-
gabbro, including diorite, biotite gabbro and biotite hornblende gabbro, which have low SiO,, Ba, Sr and
high TiO,, FeO', MgO, Y and Yb contents. The second includes quartz diorite and granodiorite
porphyry, which have high SiO,, Ba, Sr and low TiO,, FeO", MgO, Y and Yb contents. (*’Sr/*Sr); and
exa (1) values of quartz diorite are 0. 70638~0. 70719 and —9. 56 ~—7. 59, separately, which are coupled
with zircon ey (¢) values ranging from —10. 21 to —1.15. (¥ Sr/*Sr), and exq(¢) and of biotite hornblende
gabbro are 0.70742 and — 9. 79, separately, and zircon ey (¢) values vary from — 24. 58 to — 15. 22,
showing that Nd and Hf isotopic compositions are decoupled. Combined with emplacement time and
geochemical and Sr-Nd-Hf isotopic characteristics of two magmatic activities, it can be inferred that the
pluton should be evolvement products of the same magmatic source area, i. e. from enriched lithospheric
mantle. Fractional crystallization played a dominant role in the formation of quartz diorite. Nd-Hf isotope

decoupling of the early small scale gabbros is probably related to the effect of garnet.

Key words: southeastern Hubei Province; Yinzu pluton; zircon U-Pb age; biotite hornblende gabbro;

Nd-Hf isotope decoupling





