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Abstract: The Ningzhen region in Jiangsu Province, representing the easternmost magmatic region within the Middle-Lower Yangtze
River Metallogenic belt, and is an important component of the Middle-Lower Yangtze River magmatic rock belt. The Jiangmiao pluton
is the only mafic intrusive body in the Ningzhen region, and its zircon U-Pb dating, petrological , mineralogical and geochemical data
were obtained in this paper to constrain its origin and mantle source characteristics. Olivine gabbros,hornblende gabbros and pyroxene
diorites are the main rock types of the pluton. The zircons from the pyroxene diorite yield a U-Pb age of 12141 Ma. The zircon e (¢)
values are from —2.9 to —6.4. The Jiangmiao mafic rocks in the Ningzhen region are sodic.and are characterized by an enriched light
rare earth elements(LREEs) pattern. They are enriched in large ion lithophile elements (LIEEs) such as K,Ba,Sr.but depleted in high
field strength elements such as Nb,Ta , Ti,Zr and Hf.Jiangmiao mafic intrusive rocks have the highest e\, (¢) and the lowest value of
(¥ Sr/* Sr); values among Mesozoic magmatic rocks in the Middle-Lower reaches of Yangtze River belt. Sr-Nd isotopic data suggest
that asthenosphere-lithosphere interaction plays an important role in the generation of the Jiangmiao pluton. The trace element and iso-

topic data are consistent with crystallization fractionation and there is no significant crustal contamination during magma ascending and
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crystallization. Enriched LREEs and LILEs, together with depleted Nb, Ta, Ti,Zr and Hf.suggest that the mantle sources were meta-

somatized by slab-derived fluid/melt. Combining with regional geological, geochronological, mineralogical and geochemical data, the

Jiangmiao maflc rocks in the Ningzhen region were probably formed in an extensional regime associated with westward subduction of

the paleo-Paciflc plate.

Key words: Jiangmiao pluton; zircon U-Pb chronology; petrology; geochemistry; Ningzhen region.
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Fig.1 Schematic illustration of the seven magmatic and metallogenic districts of the Middle-Lower Yangtze River metallogenic belt
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Fig.2 The distribution of Mesozoic intrusive rocks in the Ningzhen region
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Fig.3 Sketch geological map of the Jiangmiao intrusion
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Fig.4 Field photographs and photomicrographs of the Jiangmiao intrusion
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Fig.6 (a) Zircon U-Pb concordia diagram and (b) weighted mean **° Pb/*** U age for the Jiangmiao pyroxene diorite
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Table 2 Zircon Lu-Hf isotopes for the Jiangmiao pyroxene diorite
WS VSYL/1THE VSLa/VTHE VSHE/YTHE 20 CSHE/YTHD; e (0) 26 tomm(Ma) 20 rpme(Ma) 20 [ rane
1 0027591  0.0010635  0.282615 0.000013 0.282276 —3.0 0.5 904 36 1365 57  —0.97
2 0.038 367 0.001 453 0.282 524 0.000 013 0.282 298 —6.2 0.5 1043 37 1571 58 —0.96
3 0.023 648 0.000 946 0.282 605 0.000 012 0.282 281 —3.3 0.4 916 34 1388 55 —0.97
6 0.045 574 0.001 701 0.282 528 0.000 013 0.282 297 —6.1 0.5 1044 38 1563 60 —0.95
7 0.041 393 0.001 612 0.282 521 0.000 015 0.282 283 —6.4 0.5 1052 42 1579 66 —0.95
8 0.033 299 0.001 295 0.282 572 0.000 011 0.282 241 —4.5 0.4 971 31 1462 48 —0.96
9 0.048 941 0.001 900 0.282 529 0.000 011 0.282 257 —6.1 0.4 1048 32 1562 49 —0.94
10 0.050 310 0.001 982 0.282 529 0.000 013 0.282 274 —6.1 0.5 1051 39 1563 60 —0.94
11 0.036 302 0.001 439 0.282 574 0.000 011 0.282 192 —4.5 0.4 972 31 1460 49 —0.96
12 0.033 546 0.001 274 0.282 532 0.000 012 0.282 292 —5.9 0.4 1027 35 1553 55 —0.96
14 0.024 261 0.000 945 0.282 616 0.000 014 0.282 279 —2.9 0.5 900 39 1363 63 —0.97
15 0.017 886 0.000 724 0.282 593 0.000 013 0.282 221 —3.7 0.5 927 36 1414 57 —0.98
16 0.034 840 0.001 324 0.282 544 0.000 014 0.282 285 —5.5 0.5 1011 41 1525 65 —0.96
17 0.032 442 0.001 260 0.282 570 0.000 012 0.282 313 —4.6 0.4 973 33 1467 52 —0.96
18 0.033 450 0.001 281 0.282 569 0.000 011 0.282 198 —4.6 0.4 975 31 1471 49 —0.96
19 0.031 932 0.001 254 0.282 551 0.000 016 0.282 297 —5.3 0.6 999 46 1509 73 —0.96

6.66% . FH¥H 4.55% ,K,0/Na, O HAEAN T 0.05~
0.73. A4 1) Mg™ B8, ¥R T 40,4l AL i Mg™ 1R
15 1] RE A TR ER B 1 43 B 25 T AR S FeO,
AR T S

75 Harker Ef# (B 7, BE% SiO, & &1,
MgO . TiO, . CaO, FeO, fl P,O, & it & #f B 1%,
Na, O K, O 7 it 1 52 7 14 fin. 3% B 76 25 0% i Ak o /%
R BEAE TR A VA B K A RV I B 2
AR .

T BB 5 bR E AL R £ o0 A U (A 8
bR E R Lo R i R AR R R
Wt R . ERETE S RARE . Eu 280 RE —
E 5% (OEu 4 T0.91~1.08) 7 i 0 & J5 1 Hubs by
TEAL Ik 190 1] L 8b) v, 3 e IR & SR KBS 1R A

JUE (U1 Ba,Sr 55); BLA W B 0 & 3738 o0 % (A1 Nb,
Ta Zr HO WG H LA TP TR I = L.

P ARG Sr F0 Nd R R4 WL 3% 4.8
SIHHE SO 4 (2010) & 3R 1Y ¥ I & 1 Sr-Nd [\] i
LI EE I SR 1R HE (B (Y Se /% Sr)y Al ey ()
(ELVHS3 P A B ¢ SR A SCRT 3% i 1 A TR K2 1Y
fRAOAERY 121 Ma. 45 & A WK [l £ R WF 5€ 45 2R 7] H01
THE b X HE A R (7 St/ S il e () (H 25 4R
TN, A R 0.704 6~0.705 1 Fl—2.23~0.10.
FEERASTER LB N X AERE K S
o B e 1 e g (OB RA B AR (Y Se/% S, AL
TE ey (¢) = ('Sr/% Sry; AHC KR (B 9) 8 i
K Sr-Nd 6 7 R 4 & 7 F 4 B e
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Table 4 Major (%), trace element (10 °) and Sr-Nd iso-

topic compositions of the Jiangmiao intrusion

Mg?* /(Mg?" +Fe 2" ) ,t =121 Ma.

BESS 10NZO7  09NZ44 09NZ45  09NJ09 09NZ46
SiO, 16.09 14.25 53.67 57.14  55.16
TiO, 1.33 1.71 1.01 0.90  0.65
Al Oy 17.46 17.74 16.88 17.13  16.98
FeO, 11.84 12.95 8.25 7.06  3.28
MnO 0.20 0.22 0.15 0.13  0.05
MgO 6.52 6.17 4.26 313 5.29
CaO 11.03 10.53 7.25 6.26  12.94
Na» O 2.33 3.09 3.49 3.84  3.92
K:0 0.18 0.32 2.56 2.82 0.2
P,0; 0.79 1.21 0.45 0.41  0.18
H,OF 1.19 0.76 1.24 0.56  0.89
CO, 0.15 0.08 0.06 0.08  0.06
LOI 0.71 0.04 0.88 — 0.89
Total 99.82 99.07 100.15 99.46  100.49

Na:O/K; O  12.94 9.66 1.36 1.36  19.60
Mg* 50 46 48 44 74

Li 6.57 2.68 16.50 13.20  9.87

Be 0.49 0.97 1.36 1.97  0.81

Se 30.6 26.0 19.1 16.3  28.7

\% 398 383 224 184 127

Cr 43.50 20.20 40.00 9.59  55.20

Co 53.9 49.4 24.2 20.3  11.0

Ni 36.2 28.1 22.4 11.0  22.2

Cu 169.0 25.0 182.0 72.0  38.5

Zn 106.0 140.0 86.7 81.2  17.3

Ga 21.4 24.6 20.0 21.0  17.3

Rb 1.70 2.56 79.30 104.00  2.49

Sr 1633 1345 870 853 896

Y 21.8 32.5 19.2 214 134

Zr 14.0 25.8 148.0 215.0  52.8

Nb 0.70 3.94 11.80 16.60  2.24

Cs 0.63 0.23 2.20 3.98  0.16

Ba 429 604 862 985 123

La 34.10 53.50 37.00 14.20  8.36

Ce 72.1 105.0 67.6 79.4  17.1

Pr 9.28 13.30 7.78 8.95  3.01

Nd 41.4 57.6 31.1 34.5  14.0

Sm 8.63 11.3 6.30 6.44  3.40

Eu 2.85 2.92 1.74 1.76  0.89

Gd 7.13 9.59 5.17 5.49  3.22

Th 0.89 1.21 0.71 0.76  0.48

Dy 4.49 6.09 3.83 411 2.64

Ho 0.79 1.06 0.72 0.77  0.51

Er 1.89 2.76 1.97 2,12 1.34

Tm 0.24 0.34 0.27 0.31  0.20

Yh 1.48 2.04 1.80 2.04 124

Lu 0.22 0.28 0.25 0.32  0.19

HI 0.62 1.05 3.96 544 1.71

Ta 0.08 0.22 0.63 0.92  0.19

Pb 2.40 7.63 10.90 18.70  4.30

Th 0.32 1.62 9.41 14.90  1.23

U 0.07 0.37 2.15 1.04  0.16
Sr/Y 74.9 41.4 45.3 39.9  66.8
(La/Yb)x  16.5 18.8 14.8 15.6 4.8
SEu 1.08 0.83 0.91 0.88  0.81
87 Rb/% Sr — 0.005 5 0.263 7 — —
S1Sr/%Sr(20)  —  0.704 591(6) 0.705 065(4)  — —
M7Sm/Nd  — 0.118 9 0.122 3 — -
WNd/M™Nd(20) —  0.512581(9) 0.512487(5)  — —
S7Sr/%6Sr(r)  — 0.704 582 0.704 612 — —
exa (1) — 0.1 —1.8 — —

H:FeO, R 8k ¢ — 7 4b F R LMK HT 5 Mg™ =100 X

& (EMID 2 [d].
4 i

4.1 =AKEA

411 FRHRER Hiakn SO, F8KE
A5 %0, FF AR N B AR A H g R A R S
Ji A= Hi 8 A2 K (Ni= (90~ 670) X 10 °,Co= (27 ~
80) X 10 ) AH I . HABAKAY Ni(11~36) X 10 °
Co(1~54) X 10~ ° & &, R AR IF A e &R
b s OV B A R TR A T T — R
gk 2y S ol F AL TR YL/ B Harker & fif 2 0 7 5 0%
i RERMA M FBZ — ik SiO, X RZHA
¥ 2 E (- 7 Eow, Sio, 5 MgO, TiO, .
CaO.FeO,.P,0; . Na, O, K, O # HAH — % [ # 5%
P, FBALE T e A SR A AR p B AR .
412 MRBERER BHHAERESEREFREAT
IR HRUAE AR E TR R T R A7 2 M 1
TR YL 528 g b 285 b o S VR L (EUR R 3R — R A I UE 4
KRS IR YL IE R 2 10 A Bh T A 510E 2K
WAL R BB L T T AFC 3 B (w4 L R /0
2015).7EE] 10a w35 i A 1A B B3 20 A 14 2R 1
AR S RBHAE A L T A b A B G A
W TR Y T A PR G 7 Se/* S, AR Ak T B D
90.704 6~0.704 9. 7EK 10b 1 3% AT 1R 4 1 3.
T A B A Eu S R A LT %
A Eu S5 550 e (O —2.9~—6.4. 7 SN
A CL EMG b (B 5) B & B0 A% 18 45 46 Fl v 2 1)
AR AN R M A IR A I R AT 3 S 3 3 B O
PRAE T i A P A B S i e 9 SO AL AR e
ORI 28 2 15007 R S5 e JHL i i 0 DX 17 b ok £ 2 oy
R ABL o FE 2 0 [ A3 28 A6 A VT rp T i b IXC e g
—ANRRRE T X B R I 22 e A2 A HE
B T b e TR Y W AETE L B AT RB AR 2 1 02 U IX 1 R ) —
M (Yan et al.,2008).

4.1.3 FERBEREFME XK T Uiz A AR %
12 A 1 HER AL 2% BF 58 BRI O 320 X b A= X i
i AT R 5 4 Y O T b e (DMIMVD T & 4R 5 1
e (EMID B97E & (Chen et al.,2001; Yan et al.,
2008).Zou et al.(2000) X} 47 T b BB A AQ 2 A 1
WFE 2B, HoPp U5 X A 5% B i EMIT {5 2. AR AR
B ER B TR S A R g 2 7 T — A
AR B 5 P A R e o B R T T B ) T
f 3 A Gl 48, 20075 3k SC ¥4 45, 2010) . Yan
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Fig.7 Harker diagram for Jiangmiao intrusion

SCHRG| A S SR (2010)

DX r ) S A A B M 0 I A SR 9 e A AR Y S
Nd [F7 28 4 B A7 T 40 0 B b ig (DMMD) — & £ &
1 B s (EMID 2Z 18] (& 9) , FE K VL5 T JiF b X A

et al.(2008) 15 F| (4 )i #E A 19 Pb [R5 2 4 h A
T DMM-EMII 2 [i]. 3t SC %5 % (2010) AR 95 9% i 25 1A
9 Nd [7] 47 2 W BUIR S B g R I M A R R
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(a) Chondrite-normalized REE patterns and (b) primitive mantle normalized element spider diagram for the Jiangmiao intrusion
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DMM. 5 #8550 EMC T, 1D 5 S Hu i #5651 [ Zindler and
Hart(1986) ; ffi [N & A JC it fRIE IR BE 51 A Ma ez al. (2000) Fl
Ames et al.(1996) ; K YL o T il X R 5 M AT A Yan
et al . (2008) ; AR K R A EIET] H Zou et al .(2000) 5 Fi7e 7]
B Taylor and McLennan (1985); 4% F F #1551 A Jahn et al.
(1999) ; CHR S| H BESCH 55 (2010)

AR I R B R Y e (O fH B
Ko AR (7 Sr/% Sy fH.

WFEERBT, T Zr Nb SN AHATT R i 16 gl
AR/ X5 A0 e 2 D ) S AR e 2 0 XA S5 49 B
AN SRR AT AR AR DX g R 3 A B Y AH O A B TE
B 11 w5 i PR S80S Hh 5 450 3t 0 1) g 4 M it it
PR REALTERD 11b w8 ik A PR B AT A5 450 e o)
AR R B 0 A e AT I T o i
G A B A

S e VR TE B T R R ] (8T 8) R B

BERETHRAITTE K. Ba.Sr %) . S mm e E
(I Nb ., Ta \Ti, Zr JHE 25, DL ERORL B A AR AL £
TR B E R TR (LREE) 1955 5L X R 19 1%
TR ERIE AT AE 2ok B A VR A S B S A
FEl i 02 58 4 445 Bl i Bl 1) (Pearce and Peate, 1995;
Miinker ez al..2004; 8 FA A%, 2016) 6 i A 1K 1Y 8%
A HE [ A 5E 45 R 35 7R 1 2840010 Hb b I8 X5
Ji AR Sror R (853 X107 °~1 633X 107 °) WL 3 5
T-HiE{E (17.8 X 10 ° ; Taylor and McLennan,1985),
WA 7R 5 R X IF A2 B — 3 [ i L 7] RE 32 31 L
TR G O b A P 3t A 32 AR A A 5% o, fiff G S 5
H I E (McCulloch and Gamble,1991). LA A IR A 52
W) A AR ) A T ) 2 — A 3 B b R X
Ll A B AR AR A AT R R it e L) B M 5 R 1k
SR R 1L AR S ) LA I TR E 0
T Bk AL 2 L Xt UE TR T R R i b X
Ay P b 02— A~ 28 ek R YA AU e Al R A R A A AR
ISR B IR X (Yan ef al.,2008; Zhou et al. s
2011;Xie et al.,2012; Wang et al.,2013;Chen et al.,
2014).

25 LT IR W TR L BR A 2R R 25 R
KVR T Mg H R TR A A B g 5 T i
FI4 26 I V) b TR A ) R 22 S L 55 0F o b A I
IK G BT AARSEAR E A 0 i R T i 1 7 v
A U 5 e ) SRR (R T T4 Ay AR .
42 RERKRMBESE N

RO NK A WE A AR R ER ., N
5], Th/U WAEE S AT 0.59~1.82, RI &
Ik b R B A B FRRAE #5419 LA-ICP-MS U-Pb
TE AT 5 R AR A A A A A K. 19 AN RE A A AR
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SCiR 151 A EESCESF (20100 5 3CHR 2 51 A ZRIEE (2008) 5 48 2% 5 4F (1992)

SREIAERS S 121451 Ma, 33X 3R W15 il 2 1 09 4207 45
LR AW RN SR

LR DA WE R BTk, VT R it b X rp AR AR
FICE RS A FE 152~100 Ma, 5 3% 15 3
a4y A 4 #A (Sun et al.,2013): % 1 ] 152~
135 Ma, 228 43 41 75 50 25 B 4 2 L I B0 45 s 1X1)
e B AS BR ME IN A S e R 2 B IR IA e i Uk
AR AL R U X — K B E A KT 3 (Kie
et al.,2008; Li et al., 2010); 58 2 ¥ N 135 ~
127 Ma, EZ R MmfEE B S a7 &
by e TR Z 0 — 5 BT B L e B AR e e ML A
ZlAE R LA % KA (Wang et al. 20065 52 1%
45,2008 [FIR A, 2009 Al ¥4 & 55,2010 5 55 3 1K
127~118 Ma, BUBL 8 /N, FE Ry i AT 72 5B 25 1
TICAH B HE T B9 A B4R 5 5 s Na 5Lk 5
(UL 55,2010 J8 ¥ & 5%, 20105 Li et al.,2012);

55 4 W 109~100 Ma, & F 8 7 810 X = A4 45 il
PERAE B 528 (Sun er al., 2013 8 FAE 25, 20135 X
FEAHEE,2014; Wang et al.,2014; BB A% ,2015).

A 45 TR X AE Y G R VTR T i X A AR (R
NG AR 15 5 AN AP AR R it 1 29 1 X
2 DX A BT AL A A TR B 3 AR AR B A o
YERI b B ZR B 0 s i H %5 32 2] 8 W (Li and Li,
2007 ;Sun et al.,2007) .35 i 1Y BF 5% 38 52 X6F A YT
T U X5 e 6 D D 4 B R S L [R] B AR 3R
Ve HEI-O B Z LI M Ce'™ /Ce*™ #1 Eu/Eu” it
Y GR T LN KT T i XA BE A A
PRl fig 5 o KPR AR R A E (Liu et al., 2010,
2012; Ling et al., 2011; Sun et al., 2012; Wang
et al.,2013,2014).
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